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PREFACE

The followinji pages endeavor to iruiicate, in general by state-

nuiit, and in detiiil l)y additional references, the fundamental factn

constituting the industry' of nitrocellulose commensurate with the

magnitude and importance of the subject, and in so doing to bring

out tlie fact that the existence, continuity, and advancement of these

alts depend primarily upon the filolity with which human ingenuity

lia> been able to imitate nature in the production of that which is

nuv and Ixiautiful, and hence much sought after and costly.

The general arrangement of the subject matter is as follows: After

recording some facts respecting cellulose lx?aring on the development

of the subsetjuent topics (Chapter I), the theorj' (II) and manu-
fartiiK 111 of the cellulose nitrates is taken up. Inasmuch as in

the dr}- state, the latter have but comparatively few uses, the solvents

(I\'), especially fusel oil (V), from which the solvent amyl acetate is

prepared (VI), follows, and the latent solvent camphor and its sub-

stitutes (MI) of rapidly increasing interest. These solvents are used

exten.sively in modern paint removers and turpentine substitutes

(\'III). Combining the cellulose nitrates with the aforesaid solvents

(IX), results in the formation of lacquers (X), artificial (XI) and real

(XII) leather coatings, and the formation of imitation silk filaments

(XIII). The second volume combines xho materials of II, III, and

\'II in the formation of pyroxylin plastics tj'pified by celluloid (XI\'),

the collodions lx?ing used in pharmacy (XV) and photography (XN'II)

and in a purified form as the celloidin and photoxylon of microscopy

(XVI). Guncotton and the higher nitrates in smokeless powders

and explosives complete (XVII I) the technical usea. Closely allietl

are the cellulose acetates (XIX) and xanthates (XX). There is

hardly a branch of the foregoing in which denatured ethyl alcohol

(XXI) is not being extensively used.

Excluding Chapters I and XVIII, and with the possible exception

of XIV and XX, so far as the author is aware, there is not to l)e found

in the literature of any language so complete an account of the topics
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included in these pages as arc presented herewith, i.e., nowhere has so

hirge II nunilwr of facts been published concerning (say) artificial

filaments as are contained in XIII. The material compri.sed in I\'-

XII inclusive, concerning which but little authentic information

is obtainable, has been largely drawn from the author's personal

experience.

The method of treatment of the subject matter has been to divide

it into text in larger print for the general reader, supplemented by the

notcw in finer print, being elaboration, detail, and bibliography for the

expert. It is assumed that the reader possesses an elementaiy working

knowledge of chemistr\' and the ability to interpret scale drawings.

An attempt has been made to remedy the defect so often felt in indus-

trial works where the text seems to leave off at just that point where

specific information is most desired. And in contradistinction perhaps

to the general rule in the treatment of industrial works, there has in

this instance been no mental reservation whatever in the development

of the subject. The cellulose nitrates cover such a broad field

—

pharmacy, medicine, microscopy, photography, explosives, and general

technology, etc., as evidenced by the .succeeding list of four hundred

twenty-five series of scientific repositories which were drawn upon

—

that certain contractions were deemed necessar}' in order to encom-

pass the entire field in the necessary detail. The text was lengthened

nearly fifteen per cent and the width of the lines over ten per cent

over the customar}- area for a page of this size; the abbreviations

were condensed to the least length compatible with clearness; the

324 illustrations were reduced to the smallest size which would still

show the detail required, and the topics have been judiciously separated

so that the notes—one page of which in subject matter is equivalent

to two and one-half pages of text—comprise fully 60% of the volume
of the work. In this manner it has been possible to condense within

1 150 pages without materially detracting from the clearness of presen-

tation, information equivalent in volume to over nineteen hundred
pages of octavo text.

The short historical portion usually precotling the development of

each subject enables an inventor to determine what the art has dis-

clostnl to the present time, and whether others have partially or fully

anticipated his ideas.

There has been incorporatwl references to processes and descript ions

which to the author have not apiwannl conmiercially fojisible. How-
ever, others of kwuer di.scernment may see in them points of merit

leading to ultiniate success, and therein the value of their enumeration
lies.
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In some portions of the work, i.e., photography, pharmacy, nucro-

scopy, etc., the weights and meajsures uwotl therein have been retained,

although not of the metric system, for it was considered that the

wishes of those who would be most interestetl in those particular

fields are, in a work like this, entitled to respectful coasideration.

In certain patent specifications and elsewhere conflict in nomen-

clature and spelling occurs, due to verbatim quotation, the incoji-

.siiitencies l)eing explained away by this statement.

When it is recalled that patent specifications are usually the first

and often the only information appearing in regard to a technical

prtM-ess, and that the incorporation in any patent of a process or

product which cannot be prepared from the description invalidates

the patent, it is felt that no explanation is needed for the large number
of patents which have been drawn upon.

The central thought underlying the development of the several

subjects has been the fact—recognized by so few—that the phenomenal

expansion and ramifications of the cellulose nitrat<?s in their industrial

applications, has lx?en primarily due to extensions of the numl^r

and usefulness of solvents, and not, as one would l)e le<l to infer from

inspection of the scant literature, development in cellulose nitrate manu-
fact inc.

It (tljviuusily liHft l>een impossible to personally verify the accuracy

(tf the over eight thousand literature references contained in this

work. Such as were accessible in the .\stor and other libraries in Xew
York city and vicinity have been traced to their original sources.

The author—perhaps more keenly than anyone else—realizes the

existing imperfections, especially in the perspective of the completed

text, when too late for radical changes. For those errors and omis-

sions incident to a first edition and otherwise suggestions and criticLsms

will Ix; gratefully received.

To Messrs. Benjamin L. Murray, John H. Stevens, John W. Hyait.

Dr. Jasper E. Crane, Major Odus C. Homey, Col. B. W. Dunn, and

the other gentlemen who have allowed him to draw from their fund

of specializetl information, the author acknowledges his indebtetlness.

Figures 287, 289, 29."), ami 302 are from photographs taken by Mr.

Murray. Acknowledgment is especially made to the Journal of the

Society of Chemical Industn.'—the most comprehensive chemical

technolog}' in the English language—which has been freely drawn

upon, and to Arms and Explosives, for much data incorporated in

Chapter XVIII.

By hokling the entire work in correctetl galley pnwf until the last

page was mouotypcd, and then breaking the galley into a large
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numl>er of Bcctions for simultancouH dummy paging, it has V>een

po88iblc to uniformly bring the informution of all the topics to the

close of the year 1910.

Many a valual)le work has had its usefulness greatly impaired by

the incompleteness, brevity or faulty construction of the index,

which, in reality, is of more importance than an equal nuiiilci i.f

pages of text, for of what value is recorded information if rendered

inaccessible and unavailable by omission in the index? A sincere

(it It has been made in the compilation of the three indices licnwith

—patent, author, and sul )](•(•!. embracing 4993, 3670, and ST.").") cita-

tioiLs respectively—to adt(iualcly cover the subject matter. In this

the author has lx»en most ably assisted by Mr. John W. Bruce, to \\ hom
he desires to express his thanks.

What has been accomplished and dcsciibed herein is only to be

taken as an index of the much greater and more attractive possi-

bilities to come, for the industrial potentialities of the cellulose nitrates

—which as yet are but in their infancy—are practically limitless.

Edward Chauncey Worden.

MiLBUKN, New Jersey, February 1.5, 1!»11.
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NITROCELLULOSE INDUSTRY

CHAPTER

CELLULOSE

Broadly speaking, the framework of the individual cell—the

predominating constituent of plant tissues—the structural basis

of all vegetable ^ organisms—Is cellulose. It is the plant itself minus

its protoplasmic contents, the latter being nitrogenous and con-

cerned with the living functions of the cell ^ Cellulose is not the name
of a definitely characterized chemical indiNndual, but rather a generic

name applied to a class of substances which possess many physical

:in<l chemical characteristics in common. As a group, the celluloses

are for the most part colorless bodies, neutral, devoid of odor, insoluble

in all simple solvents without decomposition, and have a sp.gr.

rantjing from 1.3-1.5. They possess the elementarj' composition

indicated by the figures C 44.4, H G.2, O 49.4, and represented by the

statistical formula CeHioOs. It is generally assumed, however,

that the real formula is n times the empirical formula, C12H20O10

being often regarded as the minimum.^ Cellulose belongs to the

1. Animal Ceiltdoses. In the mantles of many Acidia and Tunicata, especially
Pyrosomidce, Salpidae and PhaUusice, a principle termed tunicin has been isolated,

which in empirical composition and many other respects resembles cotton cellulose.

A similar body has also been extracted from insects and other articulata. Its

occurrence in the skins of certain species of snakes and amphibians has as yet
not l>een definitely proven. It is claimed cellulose is found in the body in tuber-
culosis and certain other pathological processes. Virchow (C.R.. 1853, 37, 492, 860)
having repc)rted finding cellulose in degenerated human spleen and in certain parts
of the brain. These animal celluloses arc extracted by repeated hydrolysis, and
Schmidt (.\nn.. 1845, U. 318). Berthelot (C.R.. 1858. 47, 227). I>6wig and KoUiker
(J. pr. C, 1846, 39, 439), and P^ranchimont (C.R., 1879. 89, 775), who have inves-
tigated this subject, are of the opinion that the bodies extracte<l are cellulose,
("njssand Bevan (

• Cellulose." 87) cite the work of HaUiburton (Quar. Jour. Micros.
Soc., 1885, 445) where cellulose was detected in the investing matri.x of the proto-
zoa, Ophrydium rersaiile.

2. In the individual contiguous cells of the higher plants coalescence takes
place .so that in certain places their walls are broken up and tubular vessels result
which frequently attain extraordinary lengths.

3l From the action of sine chloride upon cellulose it has been inferred that the
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general class of carbohydrates, which includes also the starches,^

dextrins and sugars. As yet its constitution is undetermined, being

variously regarded as an alcohol containing Ijoth aldehydic and

ketonic groups. The reactions of cellulose are those of saturated

compounds. Cellulose does not appear to originate as the immediate

product of the synthetic action of carbon dioxide and water upon

the protoplasmic cell contents directly, but apparently through the

mediation of starch and other carbohydrates. The mechanism of

this synthesis is not clear, but has been assumed on phj'siological

latter contains OH groups, so arranged as to give to the cellulose the properties

of a salt. L. Vignon has proposed the following constitutional formula:

O CH
1 6 \(CHOH)„
CH2—CH

based upon lys study of the higher cellulose nitrates and their decomposition with
alkalis into hydroxypyruvic acid as one of the products. (Jreen and Perkin (J.C.S.,

1906, 89, 811) and A. G. Cireen (Zeit. Text. Chem., IDOi, 3, 97) represent cellulose

as an inner anhydride of glucose, and give the following formula:

CH(OH)—CH—CH.OH
J

>o >o
CH(OH)—CH—CH,

which however, has but three OH groups, and properly does not admit of the
formation of a tetracetyl derivative. The t'HjOH, CHOH, CO groups, and possi-

bly the methoxy (CHjOH) groups are the only ones as yet definitely determined.
It would also appear that there are celluloses of different degrees of complexity,
containing varying numbers of the typical cellulose complexes. Cross and Bevan
have appUed to the unit or C, group the following formula:

-CH.CH.OH.CH.CH.OH.CH.OH.CH,—
I 1

Recent analyses of several anhydrous polysaccharides indicate that the gener-
ally accepted formula for starch, cellulose, etc. (C,H,oOj)n is incorrect, and should
be replaced by (CgH,oOs)n, HjO. In raffinose, melezitose and manna.saccharide,

n=3; in inulin, n=6 (H. Kiliani, Chem. Zeit., 19as, 32, 366; abst. J.C.S., 1908.

94, (1), 320). The assumptions for the C,, formula are based on the existence of a
fKjntanitratc, recent work on the cellulose acetates, and the insoluble and colloidal

nature of cellulose. A. (ireen (Zeit. Text. Chem., 1904, I.e.) regards these reasons

as insufficient for expanding the cellulose formula Ijeyond the C, limit. See H.
Fenton, J.C.S., 1901, 79, 361; M. Gostling, Proc. Chem. Soc., 18, 250.

1. Starch is the most closely allied carbohydrate, and is generally regarded
as the parent substance of cellulose. Little is known with regard to its chemical
constitution. The formation of a triacetylmonolwnzoate, and a tetrabenzoate
kave been recorded, from which it is spoken of as a tetratomic alcohol, containing
four equal OH groups. Cellulo.se differs most niarke<llv from starch in the fact that

the former is almost indestructil)U', and can only Ik? brought to a state of putre-
faction in the presence of aII)uminoid and other nitrogenous Inxlies. .\cids, alkalis

and enzymes readily hydrolyze starch into simpler bcxlies, but no such analysis,

at least artificially, lias l)een observe<l among the celluloses. It appears however,
that such transformations occur in the living plant. For review of our knowle<ige
of starch see A. Ling (Seventh Int. Congr. App. Chem., London, 1909). See starch

acetate, formate, nitrate, xanthate, feculosc.
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groumls to l»c ( t.iiiparativcly siinplc WTiile there has been con-

siderable speculation as to the inner constitution of cellulose, but
little experimental data have lxH>n accumulated of a definite nature.

Cross and Bevan, the authorities on cellulose, state that " no purely

chemical s^'nthesis of a compound similar to cellul(Me has been

attempteil; we are therefore without the essential criterion of the

correctness of any gimeral formula which might be proposed, if only as

a condensed expression of the relationship anil functions of its con-

stituent groups. But although no" such formula can at present l)e

pro{X)st'd having more than a speculative value, it will be a u.seful

guide to future investigation to sum up the reactions which throw

a direct light upon the function of the cellulose molecule as a whole,

and of its constituent groups."

Classification of Celluloses. Fremy * who has classified the

celluloses ant! their allied IxkUcs, has distinguished them according

to their chemical basis as follows: (a) celluloses proper, including

normal cellulose, metacellulose and paracellulose; (6) vasculose,

identical with lignocellulose and found chiefly in the woody fibers;

(r) cutose, and (d) pectose, found in unripe fleshy fruits and roots,

and transformed under the influence of acids into oectin.

Compound Celluloses. There are a great number of substances

more or less intimately related to cellulose, to which the term "com-
pound cel]ul(-.« s " has been applied. These are usually subdivided

into the three following groups:

('/) Pectocelluloses, which include most of the vegetable textile

fibers, with the exception of cotton which forms a class by itself, and
jute which is a lignocellulose. The non-cellulose con.stituents are

usually pectic substances, characterized as vegetable extractive bodies

of an acid nature which rea<lily gelatinize.^ Unlike the adipocel-

luloses, they are said to Ix; slightly richer in oxygen than normal

cellulose, an analysis of raw flax—which is typical of this class

—

giving C 43.7, H 5.9, O 50.4. On boiling with dilute alkalis the pecto-

celluloses are readily resolved into cellulose, the pectic matters being

transformed into soluble derivatives, and this is what takes place

in the bleaching of linen. Many other fibers contain or consist of <^
pectocelluloses,^ and these derivatives were identified by E. Schunk
in the products of the alkaline boiling of raw cotton.'* The cellular

1. C.R., 1S59, 48, 667; 1876, 83, 1136. His system of classification has not
found favor with some critical writers.

2. .Arthur .Miiller (I^ipzig, 1904) has published a bibliography of colloids with
350 original publications cittnj, and Whitney and Ol>er (J..\.Ci:?., 1901, 23, 856) have
compiled an index to the literature of the same subject.

3. Webster, J.C.S., 1S83. 43. 23.

4. Proc. Manchester Lit. Phil. Soc., Vol. IV, Third Series, p. 95.
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portion of certain fruits (apple, pear, plum), antl roots (turnip, car-

rots, beets) contains larj^c amounts of p<Tto('ellul()s<'s.

(b) Lignocelluloses comprise the main portion of all woody tis-

sues, as well as one textile fiber, jute, which in its raw state is richer

in carbon than cellulose. Lignocellulose is chemically far more

reactive than cellulose, and is. readily attacked by acids, alkalis and

oxidizing agents. Freely soluble in cuproammonium, but incom-

pletely precipitated upon acidifying, hence of but little value for the

formation of artificial filaments in imitation of silk. Nitric and sul-

phuric acids nitrate jute (see nitro-jute), the gain in weight being

approximately that of cotton cellulose, iind like the cellulose nitrates,

give no amido products upon reduction, thus indicating true nitric

esters. According to Sachsse ^ lignocellulose consists of about 75%
cellulose and the balance lignin, a body of an aldehydic character.

Iodine is absorbed by jute, the resulting compound being about as

unstable as iodide of starch. This reaction has been taken advantage

of for the quantitative determination of lignocelluloses in combina-

tion with other forms of cellulose. Dilute nitric acid acts upon

jute at 80°, forming oxycellulose, oxalic acid, carbon dioxide and a

peculiar derivative of undetermined composition. The lignocel-

luloses hydrolyze much more readily than the simple celluloses, fur-

furol being obtained in considerable quantity when the temperature

is raised to boiling. Glycolignose, the substance of fir and other Abies

woods, and glycodrupose, the substance in the stony concretion of

pears,2 are other forms of lignocellulose. " Crude fiber " applied

to the residue obtained by boiling fodder plants with alkaline and acid

solutions has been found in most cases to be a lignocellulose.

(c) Adipocelluloses form the outer or epidermal layer of leaves

and fibers, readily transformed by oxidation with nitric acid into

products similar to those formed by the oxidation of fats, together

with cellulose. They are of a cellular rather than of a fibrous char-

acter, richer in carbon and poorer in oxygen than cotton cellidose,

and comprise the main constituent of the leaves, fieshy fruits and

stems of annuals. The chief adipocelluloses are cork and bark, which

when the impurities are removed leave a neutral body called cutose.

The chemistry of these bodies has as yet been but imperfectly inves-

tigated.

Separation of Cellulose.^ Isolation of cellulose from raw material

may be accomplished by boiling the tissue in solutions of the caustic

1. " Farbetoffe " 151.

2. Erdmann, Ann., 1866, 188, 1; Bent*, Bcr, 1875, 8, 476.
3. The typical celluloses are not separated from the plant tissues in a pure

state, but either in admixture or intimate chemical combination with other groups
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alkalis, and after washing, exposure to the action of fluorine or chlorine

at atmospheric temptTature and pressure to dissolve the inorganic

(i»iuj)i)unds, especially iron and silica. For more refractory compounds,

boiling in dilute alkaline solutions is resorted to, i.e., sodium sulphite,

carbonate or hydroxide, to dissolve the products of saponified wax
and other non-cellular constituents. In some instances—as with

dense ligneous structures or those high in silica—it may be necessary

to repeat this series of operations before entire purification has been

affected. Maximum freedom from silica is to be obtained by long

immersion in hydrofluoric acid, followed by Soxhlet extraction with

ether to remove fat and wax, with perhaps an additional treat-

ment with hydrochloric acid to remove iron. The tissue is then

washed until neutral and driel. The purest form of naturally occur-

'

ing cellulose is cotton, that purified artificially, the so-called "ash-

less Swedish filter-paper," which has been subjected to a series of

treatments similar to that outlined above. This paper, which is used

for filters in quantitative analysis, seldom has an ash in excess of

0.(KK)l gm. per sq. cm., an amount so small as to be negligible in ordi-

nary analytical work.

Ash. Cellulose burns quietly with a luminous, smoky flame,

leaving from 0.5 to 2% residue as ash, over half of which is usually

silica. It has frequently been asserted that this silica has a distinct

structural function in carrying on the life processes of the cell. A.

I^adenburg ' and \V. Dange,^ who have carefully investigated this

subject, arrived at entirely negative conclusions.^ The natural ash

of the celluloses seldom exceeds 2%, although in some siliceous plants

it may rise to as high as 30%.*

Cellulose and Water. All vegetable tissue in their normal

air-dr>' condition retain varying quantities of moisture, usually vary-

ing'' between 6-12%. This "hygroscopic moisture," as it is termed,

is readily driven off at 100**, but reabsorbed when the tissue is

exposed for any length of time to the atmosphere. In the same

cellulose, this "water of condition " will vary not more than 1-2%

from the mean with extremes of normal atmospheric temperature

or compounds. These latter usually display greater chemical activity. Thi.s is

especially true of the lignocelluloses, whicn contain the ketohexane groups in union

with the cellulose, and therefore combine directly with the halogens.

1. Ber., 1872, 5. 568.

2. Ber., 1884, 11, 822.

3. They conducted their experiments on the Equisetum species, characterised

by an ash high in silica, in which they endeavore<l to determine the presence of

organic silicon compounds analogous to carl)on compounds. They showe<l that the

functions of various plants were not di.sturbed by cultivation in a siUca-free soil.

4. As di8tinguishe<l from mechanically contained dirt, not entering into the

structure of the plant.
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and humidity.* In water, cellulose is insoluble and unchanged by

boiling for several hours. At 20(F, however, it is entirely decom-

posed, passing into solution in the water. The action is consid-

erably enhanced by boiling under pressure. With a pressure of 5-6

atmospheres the cellulose is noticeably attacked, which increases

with continued pressure until, at 29 atmospheres, it is entirely dis-

integrated and changed to hydrocellulose,^

1. The absoT>tion and retention of water by cellulose has been summarized
by Cross and Bevan, " Cellulose " 4, who point out that the main facts to l>e noted
are (1) "the propt^rty of attracting water is a property of the cellulose substance

itself and in no way dependent upon the form in which it occurs. The amorphous
modifications of cellulose obtained by solution and reprecipitation in various ways
are equally 'hygroscopic.'" Also that the phenomenon is definitely connected
with the number of OH groups in the cellulose molecule, for, as these are suppressed
by combination with negative radicals in the formation of the cellulose esters,

the products show decreasing avidity for atmospheric moisture. This point is

substantiated by the well-known fact that the cellulose nitrates and acetates are

not as hygroscopic as the cotton from which they are prepared. This variation has
nothing to do with the visible external structure of the cellulose. The (question of

moisture is of great importance in the spinning operations of the entire line of

textile fibers. In the "mule" spinning of cotton, the moisture content of the

spinning room must be kept in rather narrowly confined limits in order to preserve

the continuity of the cotton fiber and minimize the formation of knots.

2. Cellulose can unite with one molecule of water to form hydrocellulose,

having the composition represented by the formula, ('nHj,©,,. This derivative

may be prepared Iw the action of sulphuric acid upon cellulose, preferably when the

acid is dilute and accompanied by a high temperature. Hydrocellulose has the

appearance of the cotton from which prepared, but no strength, being remlily

reduced to a fine powder. This brittleness is of technical importance, as in the
well-known method of carbonizing wool, whereby the vegetable constituents (seetl

hairs, etc.) in the wool are converted by the combined action of heat and sul-

phuric acid into hydrocellulase, which l>eing brittle is readily removed by mechani-
cal means. Hydrocellulose is of considerable interest in the preparation of nitric

and acetic esters, on account of its greater reactivity than cellulose, the hydrocel-
lulose nitrates and acetates being more readily soluble in simple and compound
solvents. Cellit, to which reference will again be made, is a plastic hydrocellulose

acetate of great technical promise. The statement has been made that the presence
of nitrohydrocelluloses in the higher cellulose nitrates increases the readiness with
which the latter may be explotled by percussion. Hydrocellulose may be pre-

f>ared in large quantities by the method of R. Stahmer (E.P. 190:J9, 1900) as
ollows: Chlorine is conducted into glacial acetic acid until the latter is colored
jjerceptibly yellow, when the mixture is heated to 60-70° and well-separated
cotton introduced in small amounts with constant and thorough stirring. In a
short while the cellulose swells considerably and l>ecomes viscous, the most satis-

factory proportions Ijeing 5 of acetic acid to 1 of cellulose. The heating is

continued until a Scomple taken out and te.st«d is found to l)e fully miscible with
water, when the heating is discontinued and the material washetl until neutral
and dried. Care must Iw taken not to allow the mass to Iwcome heatetl alnive
S5° or the mass ntxay entirely disintegrate. Other acids may replace acetic acid.

Hydrocellulose prepared by means of potassium chlorate is said to l>e distin-

guished by very great indifference towards acids and alkalis, and its use in the
manufacture of articles which come in contact with them is especially recom-
mended by Stahmer. Hydrocellulose has been investigated by Ciirani (C.K., 1S75,

81, 1105; 1879, 88, 1322; ISSI, 92, 337); .\. L. Stem (J.C.S., 19(M, 85, 336): Cross
and Bevan (J.C.S., IJKM, 85, 691); Schwallw. Ber., 1907, 40, 4523; Chem. Zeit.. 1!M)7.

31, 931; Zeit. ang.Chem.. 1907, 20. 2166; Schwalbe and W. Schulz, Ber.. 1910. M.
913. A differentiation l)otwoen cellulose and hydrocellulose may lx» mmle by means
of iodine, which has no effect on the former, but stains the latter blue. C. Schwallnj
(Z. ang. Chem., 1909, 22, 155) in contradistinction to Buttner and Neumann
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Action of Acids on Cellulose. As a reactive body cellulose

is very passive, n>s»>inl)linji; in this rcs|X'ct nitrogen or the paraffin

h\ (lux ailx'ii- It 1 iitt i> into combination with but few substanceH,

and then only to a liniiteil extent and with considerable difficulty.

The c(41ulos<'s are therefore very resistant to processes of oxidation

and reduction, hydrolysis and dehydration. With dilute sulphuric

;ui<l. cclluln^r Is transformed into glucose and dextrin, the conversion

(Z. :uiR. CluMn.. l'.K)S, 21, 2()tM>; ahst. JLS.C.I. lUOlt, 28, 105) contests their view tliat

eloiiu'iitar)' analysis is the l>est measure of the degree of re8«jlution of hydrocellulose

in that it fails to make a distinction l)etween hyiirocelluiose and cellulose hydratt»s.

lie claims the cupric re<luction metluxl (see C'liapter XIX) isj characteristic of

hydrocelluloses and in actual use in practice for the determination of the degree of

iiyilrolysis. lie finds that the blue color pnxluced by zinc chloricnline reagent

\vith hydrocellulose is very transient and rapidly removed by water, whereas tlie

similar colonition with cellulose hydrates resists the action of water for a consider-

able time.

CvUuluse Uudratea. It is necessary to emphasize the difference between
hydrolysis and hydration in the ca.se of cellulose, although under certain conditions

both may occur simultaneously. The hydnwelluloses, prcMlucts of hydrolytic

action, are generally characteriaetl by free carbonyl groups, which reduce FehUng's
solution. The celluUwe hydrates nmy l)e produced, with or without simultaneous

hydrolysis, whenever cellulose is suljjectcd to the action of alkalis, acids, or salts

which exert a swelling or solvent influence \i\ presence of water. According to

Cross, hytlration may take place in presence of water by mechanical action alone.

Besides the cellulose hydrates artificially nnnluced from the normal cellulose

(aidiydride), other ty|K's exi.st in nature which have never attained the dchy<lrate<l

and polymerizeil condition of normal cellulose. These ujnlevelo|>ed types are some-
times inchuUvl in the group of "hemicelluloscs." The hydrated celluloses tliffer

witlely in their properties, but a high hygroscopic moisture is common to all; the

hydrocelluloses, on the other hand, are distinguished by an abnonnally low moisture-

content. Some of the hydrates, e.g., mercerized cotton, possess high tensile

qualities, others, e.</., the artificial silks, are mechanically deficient. These two
groups also differ widely as regards their solubility in alkalis. Under certain con-
ditions the hydrated celluloses are n>si.stant to esterifying influences to which the

normal cellulose responds. All the hydrated celluloses are characterize<l by a
diminishcti re.>4istance to hydroly.sis by acids, to an extent proportional to their

"degree of hydration." Many methotls have lieen proposed for the determination
of the "degree of hydration " of a given cellulose: Vieweg measures the absorption

affinity towards sotlium hydroxide; Cross and Bevan utilize the thio-carl>onate

reaction and measure the viscosity of the product; Hiibner uses a colorimetric

meth(xl with solution of io<line in zuic chloride of different strengths, while Knecht
measures the absoq)tion of bonzopurpurin under standard con<litions. C.Schwallx;
(Z. ang. Chem., 19()*.>, 22. lit?) has devised a met ho<l ha'<e<l on the increased suscepti-

bility to hydroly.sis by acids. The procedure is as follows: The "copper value"
(cupric-reilucing value) of the sample is first determine<l on .3 gm. of the substance
in the manner descrilnxf in Chapter XIX (see J.S.C.I.. 1007, 2B, 54S). Another
portion of the finely chopped substance is then boiled with a standard quantity of

sulphuric acid of .5% strength for fifteen minutes with constant stirring. The acid

is neutralized and the prescril)etl quantity of Fehling's solution is addetl without
separating the hydrolyzetl fil)er from the liquid. In this way a second "copper
value " is obtained, and the flifference between the two measures the hydrolysis

which has taken place and which is proportional to the "degree of hydration " of

the original cellulose. Recent (H. Ost and F. Westhoff, Chem. Zeit.. 1*909, 33. 197)

investigations on the "cellulose hyflrates," including mercerized cellulose, indicate

that when free<i from all traces of hygroscopic moisture these substances have the
same composition as ordiiiarj' cellulose, namely (C,H,nOj)n; those termecl " hy<lro-

celluloses," on the other hand, appear to contam chemically combined water, and in

this sense are true cellulose hydrates analogous in composition to the more complex
products of starch hydrolysis.
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being greatly facilitated by boiling the solution. Concentrated sul-

phuric acid dissolves cellulose without discoloration or separation

of free carbon, producing a heavy viscous solution from which water

readily precipitates out an amorphous mass called amyloid.' By the

action of moderately concentrated organic acids and certain acid

salts, cellulose is transformed into hydrocellulosc by the assimilation

of a molecule of water.

A concentrated (lO'/c) zinc chloride solution dissolves cellulose

upon heating for some time to 80-100°, the same result being obtained

by using a solution of 1 part zinc chloride to 2 parts hydrochloric

acid. This reaction proceeds much more readily if the cellulose

fiber has previously been swelled and partially disintegrated by the

action of caustic soda upon it.^ Hydrochloric acid has a similar

effect to sulphuric, but less powerful. Strong nitric acid exerts a

much different action, entirely disintegrating the cellulose with the

formation of oxalic acid. When cellulose is boiled in moderately con-

centrated nitric acid, oxyccUulose ^ results, w'hich possesses a great

1. Amyloid, as its name signifies, resembles starch in its properties, notably
in the formation of a blue color with iodine. The formation of amyloid is utilize<l

in the commercial preparation of vegetable parchment paper. Unsized paper of

considerable thickness is rapidly passed through a bath of strong sulphuric aci<l,

then thoroughly washed f.nd dried. The result is the formation of a layer of gelat-

inous amyloid on the surlace of the p)aper, which is water repellant and possesses
the property of contracting greatly upon drying, the tensile strength of the paper
being materially increased by this treatment. .Artificial horsehair ha.s been pre-
pared in a similar manner from certain Mexican gras.ses, which are digested in

strong sulphuric acid, washed, and dried. They are said to possess even greater
elasticity than natural horsehair, and can be usetl for the weaving of horsehair
upholstery, usually, however, in connection with the natural hair, .\myloid has been
found in normal vegetable tissues and appears therefore to be a product of plant
growth. When cotton is heated alone at 250° it rapidly Ijegins to turn brown,
and at a higher temperature ignit«s.

2. Zinc chlorioditle is employe<l as a delicate test for the presehce of cellulose,

with which it gives a deep violet color.

3. Oxycellulo.se appears to vary somewhat in composition, depending from
what source it is obtamed. The a-oxycellulose of M. Witz (Bull. Soc. Ind.. Rouen
(10)5,416; (11) 2, 161); Dingl. Polyt., 18S3, 250,271; 1S86. 259, 97; J.S.C.I.,

1884, 3) results from the action of 5% bleaching-powder solutions upon cellulose for
twenty-four hovirs, the cotton being transformed into a friable powder of oxycellu-
lose. If the action of the bleaching-powder be so controlled that the cellulose is

not altere<i in appearance, it is found to be distinctly motlified in its action towards
dyestuffs, oxycellulose having a strong attraction for basic coloring matters,
methylene blue especially, dyeing full sha<les without a mordant. Dyestuffs of acid
character do not exert any affinity towards oxycellulose, the absorptive jHiwer of
the latter for vanadium being .so great that it will withdraw this metal from a solu-
tion contaifiing only one-billionth, and the combination can l>e demonstrated by
printing with aniline black (Witz and Osmond, Bull. Soc. Ind., 14, 30). For man-
ufacture of a-oxycellulose see I. Frankenburg and C. Weber, E. P. 12367, 1893.
/9-oxyccllulose, C.JIwO,, (Cro.ss and Bevan, J.C.S.. 1884, 43, 22; J.S.C.I.. 1885. 4,

206) i.s the insoluble residue of the prolonged digestion of cellulose with 20-30%
nitric aci<l at 80-90°, and dries to a homy, hard ma.ss. It is inferretl from the low
numl)er of reacting groups that the compound is both a conden.setl as well as an
oxidize<I cellulose derivative. With concentratinl .sulphuric acid, oxycellulose <lit>-

solves to a pink color, and when nitric acid is also present an oxycellulose nitrate
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affinity for basic dyostufTs. When sulphuric and nitric acitlH arc

inixr<l, (('llulosc nitrates—organic cster>-—result, of great technical

iin[)<)rt:iii(r. ami whidi are discussed in the succeeding chapters.

Hydrofluoric acid forms a tough waterproof material with cellulose,

resenihlinsr somewhat the product formed by the action of sulphuric

arid. TIk iiruaiiic acidn, especially in solution, have little if any effect

upon cellulose. However, the non-volatile acids, tartaric, citric, and

oxalic, if quite concentrated or allowed to dry on the fiber, act much
the same way as mineral acids, although in a more moderate degree.*

The action of tannic acids is of great value in the textile industries

as an assistant in dyeing.^

Action of Alkalis on Cellulose.^ In contradistinction to the acids,

alkalis are harmless to cellulose in moderate concentration and at

ordinary temperatures if air is excluded. In the presence of air,

however, alkaline solutions rapidly cause hydrolysis which varies

as the temperature and concentration of the acting alkaline solution

and which considerably decreases the tensile strength of the fiber.*

When the temperature reaches the vicinity of 100° action is very

energetic, on prolonged contact resulting in the formation of water-

soluble products from disintegration of the cellulose. The action of

ammonia is similar to that of the fixed alkalis, except that at high

t(^mperaturcs substitution takes place and amidocelluloses result.*

Concentrated solutions of the alkalis, preferably that of sodium, exert

a peculiar effect upon cellulose, first noted upon cotton by John Mer-

cer in 1844. The alkali causes a swelling of the cell which gradually

loses its structural form, and when washed free from alkali and dried,

tilt <('Uulose acquires a certain luster not present before treatment,

especially if the fiber has been dried under considerable tension. Upon
this fact have been built the modem processes of merccrization.^ The

restilts (which see). The oxycelluloses are of great importance to the textile manu-
facturer.

1. See GlanzstofT, Chapter XIII.
2. The basic dyestuffs have but a small affinity for cotton, so that it la

impossible to produce satisfactory results by dirt»ct dyeing. Tanrun, however,
reatlily combines with the fiber, and this tannin can enter into combination with
antimony in various forms (tartar emetic), the tannate of antimony formed on
the fiber having considerable attraction for thes6 dyestuffs.

3. For action of sodium hydroxide and water under pressure on cellulose, see

C. Schwalbe, Chem. Zeit., 1910, 34, 551.

4. In the process of bleaching due consideration has to be placed on this fact

to prevent excessive tendering of the fil)er.

5. These approach the animal fibers in their avidity for dye absorption.

6. If cotton l)e treate<l with caustic stxla solution of gravity 2S-30° B^. for

about two minutes at the ordinary temfwrature, in addition to the chemical
alteration mentioned above a modification of structure also takes place, the
lumen contracts, an<l the fil)ers l)ocome much shorter and thicker. The con-
traction is about 15% and the incrca.sc in strength about 20%, while the per-

manent increase in weight due to hydration is 4.5-5.5%. The elasticity of the
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action of the alkaline sulphides upon cellulose is of considerable impor-

tance in dyeing.* By treating cellulose with very concentrated

alkali solutions it is largely converted into oxalic acid.

filler is also increased. It has been found that hot alkalis will not mercerize.

Chemically thi.s effect is due to the formation of a definite chemical compound,
(VH,„()j.\a()H (alkali cellulotje;, in a state of hydration. By treatment with water
the alkali may l)e removed and the cellulose regenerated, not in its original form,
however, but as a hydrate, ('elli„0j,lli0, which retains f>ermanently its char-

acteristics and appearance. At first mercerization was technically unsuccessful,

being restricted to the production of crepe, crepon, and other crinkled effects.

However, when Thomas and Prevost (D.R.P. 85564, 1895) described their method
of stretching the cotton fibers during the alkaline immersion, and subsejjuently

washing and drying while still under tension, the resplendent appearance produced
by tension gave an imme<liate impetus to the art. Although H. Lowe (L.P. 4452,
1H90) justly claims priority of ap|)Iicatioii for this process of lustering under ten-

sion, it appears he did not fully appreciate the value of the method as evidenced
by his allowing the patent to lapse. P. Gardner ("The Mercerization of Cotton,"
Berlin), who has written a monograph of 150 pages on the subject, including the
patent literature, sums up the effects of mercerization, according to Cross and
Bevan, "Cellulose, 1895-llKK)," 23, as follows: "(a) Although all forms of fibrous

celluloses are similarly affected by strong alkaline solutions, it is only the Egyi>-
tian and other long-stapled cottons—i.e., the goods made from them—which under
the treatment acquire the special high luster which ranks as 'silky.' Goods miuie
from .American cottons acciuire a certain ' finish ' and luster, but the effects are
not such as to have an industrial value—i.e., a value proportional to the cost of

treatment. (6) The luster is determined by exposing the goods to strong ten.sion,

either when under the action of the alkali, or subsequently, but only when the
cellulose is in the special condition of hydration which is the main chemical effect

of the mercerizing treatment, (r) The degree of tension recjuired is approximately
that which opposes the shrinkage in dimensions, otherwise determmed by the
action of the alkali. The following table exhibits the variations of shrinkage of

F]gyptian when mercerized without tension, under varying conditions as regards
the essential factors of the treatment—viz., (1) concentration of the alkaline lye,

(2) temperature, and (3) duration of action (the latter being of sulwrdinate moment)

:

Concentration of
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Action of Oxidizing Agents. When permanganates, chromic

acid, chlorine or bromine in the concentrated state act upon celhilosc

a change to oxyccllulosc results.* Njiscent oxygen and other electro-

negative ions liberated in the electrolysis of various salts have a pro-

nounced action upon cellulose.^ Towards metallic salts cellulose

has but little action, and in this respect differs markedly from silk.

Cotton. The purest form of naturally occuring cellulose, as has

Iki'h mentioned, is undoubtedly cotton. This name comprises the

downy substance enveloping the seed capsules of Go.ssypium, a genus

of the family Malvacea;.^ It springs from the seed, and therefore

tlyeing of l>lack colors on cotton goods. The so-called "sulphide" colors, very
faat to light and washing, have, however, lK?en limiteil in their use due to the
unmistakable tendering of the filKT after «lyeing. This is prol>al)ly due to the
gradual oxi<lation of the sulphur to sulphuric acid. For this rea.s4>n Mack sewing
thread is seMoni dyed with sulphur colors, but more often with toluylenediamine-

ilevelo|>e<l blacks.

1. I'idike wool, cotton filler possesses little power of decomposing salts, such
a.s alum or cop|x»r sulpliate, this Wing probably due to the fact tliat it has but
a weak affinity for acids. -\ certain amount of attnvction does exist, however,
as is eviflencctl by the fact tliat a solution of a sufficiently ba«ic metallic salt is

decom|K>sed by cotton, and the hytlroxide or a more insoluble salt, fixed upon
the filKTs. Those bat^ic hydroxides which can be obtaine<l in solution, e.g., those
of chromium, aluminum, and ferric iron, are distinctly attracted by cotton and
other forms of cellulose, and find extensive use as mordants in dyeing and calico

printing.

2. Dingl. Polyt., 1.S84, 2.'>2, 42.

'.i. The following tlescription of the typical cotton plant is abstracted from
Bulletin 33, U. S. Department of .\griculture. "The cotton plant l)elongs to the

Mtiliacetr, or mallow family, and is known under the generic name (Josaypium.

It is indigenous principally to the islands and maritime regions of the tropics,

l)ut under cultivation its range lias l>een extended to 40° or more either side of

the e<iuator. or to the isothermal line of 60° F.

In the U. S., latitude 37*^ N. alwut represents the limit of economic growth.
The Gossypium plant is herbaceous, shrubby, or arl>orescent, perennial, but in

cultivation herbaceous annual or biennial, often liairy, with long, simple, or slightly

branched hairs, or soft and tomentose, or hirsute, or all the puliescence short and
stellate, rarely smooth throughout; stem, branches, petiolate; peduncles, leaves,

involucre; corolla, ovary, style, capsule, and sometimes the cotyledons more or

less covere<i with small black spots or glands. Roots, taprooted, branching,
long, and penetrating the soil deeply. Stems erect, terete, with dark-colore<l lush-

red or red bark and white wood, branching or spreading widely. Branches terete

«»r somewhat angle<l, erect or spreading, or in cultivation sometimes very short.

1^'aves alternate, petioled, cordate, or sul)Cordate, 3- to 7-, or rarely. <.)-lolH»d,

tiecasionally some of the lower and upper ones entire, 3- to 7-veined. Veins branch-
ing and nettetl; the mid vein and stjmetimes adjacent ones l>ear a gland one-third

or less the distance from their bases, or glands may lie wholly absent. Stipiiles in

pairs, linear-lanceolate, acuminate, often ceduous. Flowers pedunculate. Petlun-

cles subangular or angular, often thickened towards the ends, short or very short,

erect or spreading; the fruit is sometimes pendulous, sometimes glandular, liearing

a leafy involucre. Involucre 3-leaved or m cultivation sometimes 4-; bracteolea

often large, cordate, erect, appresse<l, or 8prea<Iing at summit, sometimes coales-

cent at base or adnate to caljTC, dentate, or laciniate. .sometimes entire or nearly

so, rarely linear; calyx short, cup-shaped, truncate, shortly 5-dentatc or more
or less .S-parte<l. ('orolla h\^>og\'7lous. Petals 5. often coalescent at l>ase an<I

by their claws adnate to the lower part of stamen tulie, olxivate, more «r less

une<pially transversely dilated at summit, convolute in bud. Staminal column
dilated at baae, arched, surrounding the ovary, naked below, above narrowed,
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is a seed hair. The seed itself is usually covered with a very coarse

yellow or brown haiiy gro\vth, whereas the cotton hairs are many

times longer and colorless, or nearly so.

Of the large number of species of this genus known, only about

twenty are cultivated, of which but four or five may be said to be

of extensive economic importance. They are shrub- or tree-like plants,

from 3 to 15 feet high, their principal habitats being North America

and India, although the species is more or less indigenous in all sub-

tropical countries.^ Cotton cellulose is used almost cxf lusively for

and Ixjaring the anthers. Filaments numerous, filiform, simple or branched,
conspicuous, exserted. .\nthers reniform, 1-celled, dehiscent by a semicircular

opening into two halves. Ovary sessile, simple, 3- to 5-celled. Ovules few or

many, in two series. Style clavate, 3- to 5-parted; divisions sometimes erect,

sometimes twisted and adhering together, channeled, and bearing the stigmas.

Capsule more or less thickened, leathery, oval, ovate-acuminate, subglobose,

mucronate, loculicidally dehiscent by 1 to 5 valves. Seed numerous, subglolx)se,

ovate or subovate, oblong or angular, densely covered with cotton or rarely glabrous.

Fil)er sometimes of two kinds, one short and closely adherent to the seed, the
other longer, more or less silky, of single, simple, flattened cells, more or less

spirally twisted, more readily separable from the seed. Albumen thin, mem-
branous or none. Cotyledons plicate, auriculate at base, enveloping the straight

radical."

1. Monie ("The Cotton Fiber ") gives the following description of the cultivation

of the cotton plant: "The plant, although indigenous to almost all warm climates,

is nevertheless only cultivated within a very limited area for commercial purposes,
the principal centers of cotton agriculture being in Egypt, the southern portions
of the United States, India, Brazil, the west and southern coasts of Africa, and
the West India Islands. A large amount of white cotton is raised in China, but
this is almost entirely used in the home manufactures. The time when sowing
is begun in the several districts varies consitlerably, being largely dependent upon
the climatic influences. The seasons, however, are generally as follows: American.
—From the middle of March to the middle of .\pril. Egyptian.—From the begin-
ning of March to the end of April. Peruvian and Brazilian.—From the end of

December to the end of .\pril. Indian or Surat.—From May to the beginning of

.\ugust. In the various American plantations the sowing time begins and ends
almost simultaneously, while in other countries, especially where the atmosphere
and climate are subject to much variation, the period of planting fluctuates. The
plants in some parts being several inches above the ground, while in other parts
of the same country the fields may he only under preparation. When the sowing
is finished and before, and some time after the crop makes its appearance, keeping
the ground free from weeds is the main object to be looked to, otherwise the
soil would l>ecome much impoverishe<l, anrl the product would l)e an inferior
quality. In from eight days to a fortnight after sowing, the young shoots first appear
alwve the ground in the form of a hook, l)ut in a few hours afterwards the seed
end of the stalk or stem is rai.setl out of the ground, <li.sclosing two leaves folde<.l

over and cKwiCfl together. The leaves and stems of these young plants are ver>'

smooth and oily and of a fleshy color and appearance, and, as before stat«<l,

extremely tender. In examining the cotton plant from time to time during its

growth, some interesting and instructive objects will be observed. Firstly, in

regard to the formation of the leaves, it will be found that they will vary in form
in different parts of the stem, thus, for instance, on a Callini Egj'ptian (G. barho-
densf) plant, the lower leaves were entire, the center or middle 3-lobe<l, while
the upper leaves were 5-lol>ed. In the (>. hirnutitm species, the lower leaves
have f) and some 3 lol)es, with the sniull branched petioles of a hairy nature,
while the upper leaves are entire and undividwl. In the Peruvian cotton plant,
the lower leaves are entire and of an oval shape, while the upper leave.s have
5 acuminat<>d lolics. .Xnothcr interesting point obser\-able in the growth of the
cotton plant is the presence of a small cavity situatcil at the lower end of the
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the commercial manufacture of the cellulose nitrates and acetates,

!iii(! Irss so of the* xanthutes.

(iathering the Cotton.* The fruit known as the cotton boll

consLsUs of a po*l or capsule dividetl by a membrane into 3 or 5 cells.

In August, September, and Octolx*r, when the cotton reaches maturity,

indicated by the bursting of the capsules, the fruit containing the

cotton Rnd altacfied seeds is plucked. The cotton is separated from

the MH'ds by means of ginning machines.

Commercial Varieties. In conmierce the two principal varieties

of cotton recognized are the " long staple " and the " short staple."

This refers to the length of the individual fibers, which vary from

1.5-2.5 inches long in the former to seldom over an inch in the

latter. In general, the whiter, cleaner, longer and more silky the

individual fiber, or the- smaller the diameter, the higher in value does

main vein of each leaf. Through this opening, on warm days, the plant discharges

any excess of resinous matter which circulates through its branches. Before the

plant attains its full height it begins to throw off flower-stalks which are generally

(when perfectly fornic<lJ small in diameter and of considerable length; on the

extremity of these stalks, the blossom potl after a time appears, encased in three

leaf-sheaths or calyxes, with the fringes of various lengths. Clraflualfy this pod
expands until it attains to alK>ut the size of a bean, when it bursts and displays

the blossom. This blossom only exists in full development for about twenty-four

hours, when it begins to revolve imperceptibly on its axis and in about a day's

time twists itself completely off. When the blossom has fallen, a small 3-, and
in some cases, 5-celled triangular capvsule or pod of a dark-green color is disclosed,

which increases in size until it reaches that of a large filbert. Meanwhile the

see<ls and filaments have been in course of formation inside the pod, and when
growth is completed the expansion of the filK?r causes it to burst into sections,

each cell of which, And adhering firmly to the seeds, is a tuft of the downy
material." See also " Varieties of American I'pland Cotton," F. Tyler, Bull. 163,

U. S. Bureau Plant Industry, 1910, pp. 127, pi. S, fig. 67.

1. Cotton as a textile fiber appears to have been used from the earliest times.

Herodotus (book iii) when writmg of India, mentions "trees bearing a sort of

wool instead of fruit, which was better and finer than that of sheep." Spain

seems to have been the first European country to use cotton goods, although

India. Egypt, and China had made use of the fiber many centuries before. In

Pliny's History (19. 5) there is described a "kind of cloth, xylina, made from
wool growing on a shrub, called by some Xylon and by some Gossypium." There

L« no doubt but what this referreil to cotton. Cotton was prol>ably introduced

into Europe by the Saracens and first manufactured in Spam in the early part

of the thirteenth century. It was introduced into EnglandW the Dutch, and the

first mention made of it in trade appears in L. Roberts, "Treasurj* of Traffic," pul>-

lished in 1641, which says: "They buy cotton wool in Lon<lon that comes from
Cyprus and Smjrma, and at home work the same and perfect it into velveteens,

fustians, dimities, and such stuffs, where it is returned and sold in London." In

the Western Hemisphere, the first voyage of Columbus to the West Indies in 1492

found cotton cultivated, and woven fabrics made from it being worn by the

inhabitants. Cotton was found to be the chief article of clothing among the

Mexicans, while in Peru, aroimd the time of Pizarro's conquest in 1523, many of

the inhabitants were clothe<l in cotton garments. This may be accounted for

from the fact that cotton is indigenous to Peru, .\ccording to the historian

Bancroft, the first attempt at cotton cutivation in the .\merican Colonies was
at Virginia in 1621. In 1787 at Beverly. Mass.. the first mill for the production

of cotton goods is said to have l»een erpct«"<l. It has l>een estimatetl that the

preawit (1910) world's annual production of cotton excecda 6,800,000,000 pounds
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the cotton become. The longest staple and most highly prized

variety is the Sen Island cotton {G. Barbadensc) known also as

" long Georgia," and grown in the eastern portion of the southern

part of the United States, off the coasts of CJeorgia, South Carolina,

and Florida.^

Structure.2 The cotton fiber is a single .4ongated cell, broken

roughly at the base from being torn from the seed, and terminating

at the end in an elongated solid point. Upon magnification the

1. Other varieties possessing undi8putal)le characters are G. peruvianum, which
is indigenous to several parts of South America, l^eing cultivated principally in

Peru and Brazil. The plant attains a height of 10-15 feet, and bears a yellow
flower. The pods, whicn usually contain 8-10 black seeds each, yield a long
staple, and strong, although somewhat coarse, filler, next in value perhaps to
the Sea Island cotton. Most of the fibers are only partially twisted. The cotton
is usually of a light creamy color. G. herbaceum, or Smyrna cotton, is grown prin-

cipally in Asiatic Turkey. It therefore is sometimes called G. indicum. This
is a small (3-4 feet) bushy and very hardy herb, with a yellow flower. Where
other varieties cannot be grown with profit, this variety of cotton is cultivated

in America, Egypt, and Cliina, and produces a short and relatively coarse fiber,

often called Surat or Indian cotton. The staple is characterized by great tough-
ness and strength. G. hirsuium, or white Egyptian cotton, is not indigenous to

Egypt, but is said to have been transplanted from .\merica. A large proportion
of tne fibers have an undeveloped twist. G. barbadense can be cultivated in

any region which will support the olive, where there is a hot moist atmosphere,
a large rainfall, or excellent irrigation. As a rule, the quality and length of the
staple increases with proximity to the sea, although that grown in Jamaica and
some of the West Indies is rather inferior grade. A notable fact about Sea Island
cotton is that it yields a lower percentage of lint and inferior fil)ers than the
other varieties of cotton, therefore its net value in spinning and thread manu-
facture is correspondingly greater.

The " count " of cotton is a term applied to the number of hanks of 840 yards
each contained in 1 pound. Size 60's, for instance, means that 60 hanks, each
840 yards in length, will weigh 1 pound. The English system of numbering,
used mostly in England, United States, India, Switzerland, and Germany, includes
designation of twisted as well as single yams. For instance, if 2 single threatls

of count 60 are twisted together, this would be designated at 2-60's. The Belgium
system is to use the number of 840-yard hanks in 500 grams; that of the French
is based on the decimal system, the count being the number of 1000-meter length
hanks required to weigh 500 grams. In Austria, the method is to count the niunoer
of hanks of 950 ells each in 500 grams. According to the number of the twisted
threads, there is a decrease in length of 2-6% in twisting, with an increase in

diameter.
2. A. Flatters has pubUshed a work (1906), "The Cotton Plant," on the micro-

scopical development of the cotton fiber, accompanied by excellent photomicro-
graphs of the various species of cotton, and different periods of the developing fiber.

As the result of his investigations the following conclusions are arrivetl at; " 1.

That the cotton fiber is a cuticular outgrowth of the ovule. 2. That the fibers are
not all developed at the same time, on the same ovule. 3. That the deposit of
celUilose on the cell-wall of the* fiber is not uniform and regular. 4. That the
spiral twisting of the fiber is dependent upon the uniform deposit of cellulose, and
subsequent evaporation of moisture and cuticular contraction. 5. That an aver-
age long-stapled fil)er and an average short-stapled one have practically the same
cavity-area for the tleposit of cellulose. 6. That all fibers lacking spiral twisting
are not neces-sarily unripe fibers, but fillers which may have attaineil solidity by
contiMue<l deposit. 7. lliat the cotton fiber is made up of three primary elements—(a) the cuticular envelope; (?») the secondary deposit of cellulose; (r) the endo-
chromic coloring matter. S. That these primary elements are demonstrable by
microscopic and chemical analysis."
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fiber appears (Fig. 1) as a granular striped band, tmaUnl Bpirally,

thicker at the edges, and containing a central canal, without li(|uid,*

the enveloping sheath being so fur coUapstMl that the inner walls are

in contact. This becomes more noticeable upon moistening the
fiber—a characteristic of cotton ^

Externally the fil)er is env('lo|)ed in a thin skin called the cuticle,

Base

Fia. 1.—Cotton Fiber (X200).

1. This spiral formation has been attributed to the fact that upon ripening,

the juices in the fiber are drawn back into the plant or dry up, and in doing so
cause the fiber to become twiste<l from the unequal contraction and collapse of
the cell wall. It has been noticed that when fibers which have had a 8tunte<l or
immature growth, usually either have no inner canal, or the canal has been stopped
up. This is a decidedly inferior cotton. The filler is weak, brittle, of reduced-
strength and durabiUty. This inferiority is readily apparent in attempting to
spin or to nitrate or acetate the fiber; the internal diameter l^eing so much greater,

and the ab^nce of the inner canal, cause slower and more unequal penetration of

acids and more difficulty in washing the finished product free from containe<l
acid. Such cotton is known in the trade as "dead."

2. In the unripe fiber, the canal is filled with protoplasmic matter, but in the
ripening of the plant this liquid dries up, and the walls of the tulie collapse and
flatten out. As the ripening process increases, the atlhesion of the fil)er to the
seed decreases much in the same manner as the ripening of fruits, so that the
ripe cotton is easily separate«l in the ginning process. In some species, this
separation of hair from the seed is so perfect that after ginning the seed shows
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which substance differs chemically from cellulose, and has been

regarded as a conversion product of the latter induced by moisture

and air.i

Chemical Composition. Raw cotton consists of 88-92% cel-

lulose, 6-8% water (cleaned cotton usually not over 5%), 0.4-0.8%

fat and wax, 0.6-0.9% protoplasmic residue in the lumen, and 0.1-0.5%

ash, together with a small amount of coloring matter and oil. The

specific gravity of air-dried cotton is 1.5. In the presence of water

cotton behaves somewhat differently from other forms of cellulose,^

accounted for by the fact that it is less hygroscopic.

Bombax Cotton. A species of cotton quite similar to that of

the cotton plant has been collected for centuries from various fruit

capsules of the Bombax family which are closely allied to the Mal-

vaceae (cotton family) and has found commercial uses. This form

of cotton is variously known as " vegetable down," and " vegetable

a polished black appearance, and is locally called "black seed" cotton in dis-

tinction from the upland or "green seed" cotton. The length of the fiber, which
varies considerably even among the same variety, will range from 2 inches (5 cm.)
in Egyptian to J inch (18 mm.) in the inferior grades. (Structure of the Cotton
Fiber, 19) gives the diameter of the fiber as 0.0004-0.0016 inch.

The central cavity known as the lumen is generally small in comparison with
the diameter of the cell walls, the thickness of the latter being of considerable

importance in the speed of acid penetration in nitrating processes. Sometimes
the lumen is several times as broad as the cell wall. Such a cotton will both
nitrate readily, wash easily, and sustain considerable mechanical loss in the several

processes of treatment.
1. Whereas cellulose is readily soluble in ammoniacal cupric oxide solution,

and also in concentrated sulphuric acid, cuticle is difficultly so. In treating cotton

fiber with either of these reagents, a peculiar phenomenon is observed. The cotton

swells up, but the cuticle is not visibly affected. As the bast fil>ers contain no
cuticle, they do not exhibit this reaction, wliich therefore is a method of differen-

tiation between the two classes of fibers.

In commerce there are 8 different degrees of fineness in cotton recognized,

varying in diameter from 0.0004-0.0008 inch. The oil extracted from raw cotton

appears to be very simQar to, if not identical with, cottonseed oil, and has been
supposed to have been carried up the fiber from the seed itself.

2. O. Masson (Proc. Roy. Soc., 1904, 74, 230) and Masson and E. S. Richards
(Ibid., 1906, 78A, 412) have investigated the hygroscopic action of cotton, and
the wetting of cotton by water. They found that when dried cotton " wool

"

is immersed in water, its temperature rises for some time and then gradually falls,

the same phenomenon having been observed when the cotton is exposed to air

saturated with aqueous vapor. Medical or "absorbent" cotton, although showing
the same deportment as cotton wool in saturated air, does not show the same
rise in temperature in water. In determining the amount of moisture absorlxvl

by cotton when exposed to an atmosphere of known humidity, the authors found
that simple exposure to air until no increase in weight takes place is sufficient,

for as the approach to saturation is neared, the absorption is very slow indecti.

According to Bulletin 33, U. S. Department of Agriculture, the following repre-

sents the composition of the cotton fil>er: Water, 6.07%; ash, 1.37%; nitrogen,

0.34%,; phosphoric acid, 0.10%, : potash, 0.46%; sotla, 0.09%p; lime, 0.19%;
magnesia, 0.08%, ferric oxide, 0.02%; sulphuric acid, 0.6%; chlorine, 0.07%;
insoluble matter, 0.05%. The proximate composition is stated as water, 6.74%;
ash, 1.65%; protein, 1.50%; fiber (cellulose), 83.71%; nitrogen-free extract,

6.79%; and fat, 0.61%.
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edrcdon." Bonihnx cotton consists of soft fibers possessing consider-

atili- lu>ti 1. ami wliiir to yellow in color. Like cotton, they are seed

hairs, and therefore are similar morphologically. There in an absence

of spiral twist, and the fibers are shorter and the c<'ll walls (lecrca«<;

in thickness, all of which tends to the production of tlecreased tensile

strength. This form of cotton finds its principal uses in wading for

tipholstering worJc, bfuig too weak for spinning. When nitrated

this cotton forms a nitrocellulose of ready solubility and fluidity.

Vegetable Silk.' The 8ee<ls of various plants of the Apocynaceffi

and .Vsclepiadete families contain a long tuft of silky filx'rs known as

vegetable or Asclepias silk, but lack of strength unfits these fibers

for spinning. They are used for the same purposes as Bombax, but

being lighter find favor as padding for sofa pillows, and imitation eider-

down (juilts.

Wood Fiber. In many plants the cells, as well as the walls formed

by their union, always remain soft, while in others combination takes

place by which the cellulose acquires considerable firmness, the cel-

lulose vessels being changed to lignose (wood vessels). This distin-

guishes the herbaceous from the wood-forming plants. The employ-

ment of wood for the successful preparation of cellulose in a pure

state and in large quantities is distinctively an achievement of modern
times, no attempt having formerly been made to utilize wood for this

purj)ose.- In a genuincwooily plant there will be found around the

stalk a growing annular layer of cellulose designated as liber, the

layer being formed anew at ( very period of vegetation, the next

and succeeding period transforming it into wood. This conversion

is brought about by various bodies known collectively as " encrusting

substances," which are imbedded in the cellular mass. This incrusta-

tion causes the original thin walls of the vessels comprising the liber

1. " Vegetable " wool is a product obtained from the green cones of various spe-
cies of pine by fermenting and washing the disintegrated cones. In combination
with cotton and wool it has been used for the production of yams which, when
mixed with sheep's wool, constitute the "hygienic" underwear recommended for

rheumatic and gouty patients. It is claimed tlrnt the use of garments matle of

this material keeps the bo<iy uniformly warm and protects from sudden atmos-
pheric changes. J. J. .\maudon (Mon. Sci., 1893, 7. 695) has studied these veg-
etable silks, and particularly the Kapok of India (Bombax pcrUandrum), and has
stated that this fiber is particularly applicable to the manufacture of fulminating
powder after nitration.

2. .\ccording to the process of F. L. Stewart and S. E. Gill (U.S.P. 845378,
1907) cellulose may be obtained from the stems of maize and similar plants by
removing the water-soluble constituents, leaving the stalks in a divided and
absorptive condition, and then treating the material, when moist, either with nitric

oxide and steam, or with a mixture of nitric oxide and chlorine, subse<juently

w.'vshing, neutralizing, and again wa.shing the cellulose obtaine<l. By arresting

the action of the chemicals at the proper point (Ui^.P. 811523) lialf stuff for

I>aper is obtained.
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to become thicker, darker, and more solid, being gradually transformed

into wood vessels of considerable length and strength. The encrust-

ing substances are acted upon much more energetically by chemicals

than is the cellulose, and it has been by taking advantage of this

fact that tho manufacture of wood cellulose has Ixjcome a suc-

cessful art.i Wood fiber is used as the rcllulose in viscose and xanthate

manufacture.

The textile industries and paper manufacture consume the major

portion of the prepared cc^llulose. However, in the arts are well-

defined outlets for considerable quantities of cellulose in a more or

less changed form, the more important of which, in addition to those

already mentioned, are as follows:

Alcohol from Wood. The effect of boiling dilute sulphuric

acid on wood (or other forms of cellulose), especially upon prolonged

heating, is to partially transform the cellulose into a fermentable

sugar.2 The fluid obtained by boiling wood with dilute sulphuric

acid is neutralized with lime, and brought into alcoholic fermenta-

tion with yeast. While theoretically the problem of alcohol formation

from wood is quite simple, in practice a number of difficulties have

been encountered, so that hitherto but very little use has been made
of this property of cellulose.

Vulcanized Fiber. Under this name a material was patented

in England ^ in 1877 which is claimed to be a very efficient non-

conductor of heat, and especially valuable as an insulating material.

It is prepared by treating paper pulp or a textile fabric with a sat-

urated solution of zinc chloride, and afterwards uniting by pressure.

The consistency is like horn, but certain deliquescent salts * as glycerol

1. According to U. S. Forest Service Circular No. 44, the amount of wood used
for pulp making in 1907 in the United States was 3,192,233 cords, valued at
J$17,735,665; 1,096,794 cords of wood were treated by the mechanical process,

1,630,393 cords by the sulphite process, and 464,936 cords were converted into

"soda" pulp. The average amounts of pulp obtained per cord of wood were:
Mechanical, 2372 lb.; .soda, 1033 lb.; sulphite, 1009 lb. Spruce wood forms
70% of the total used for pulp making, and is chiefly treated by the sulphite

process; the next iff importance are poplar and hemlock, mainly converte<l into

sulphite pulp.

2. See " Saccharification of Cellulose," H. Ost and L. Wilkening, Chem. Zeit.,

1910, 34, 461.
3. Affinity of cellulose for basic dyestuffs, according to a patent taken out

by L. Vignon and L. Cassella, is increased by amidizing the fibers by treatment
with calcium chloride and ammonia at 100°. Patterns are thus executed for

differential dyeing in calico printing. The carbon or cellulose filaments pro-

duced as above may be combmed with real silk according to E. Bronnert (E.P.

18260, 1899). Natural silk waste is dissolved in the ordinary way in a solution

of zinc chloride, and the silk and cellulose solutions combined, and filaments pro-

duced from this solution. The mixture may also l>e used for printing on fabrics

or coating cloth, it is stated.

4. E.P. 1008, 1877. The previous name for this material was Celluvert, E.P-

9319, H. W. Morrow, 1885.
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oi jiliK'osc arc added, which makes the material quite pliable, and it

is in tlu'se two forms that it is found in commerce. The chief difficulty

encountered has been in the removal of the zinc salts, which require

long and careful washing. If zinc is not removed, the fini.shed material

soon becomes brittle and of no value. The "fiber " may l)e rendered

waterproof by a further process of nitration.* The hard vulcanized

fiber may be planed, sawtnl and worked in the same manner as wood,

or when soft molded in various forms. Two pieces may be glued

together like wood. It finds considerable use for imitation carv-

ing on wood furniture. The softer mass is recommended for imita-

tion leather and vulcanized rubber, as for valve packings, etc. Trunks,

tubes, harness and chair seats are said to be made out of it, and to

have proven very serviceable.

Cellulith. According to G. Springer^ Brunswig's cellulith is

produced by grinding wood pulp in a paper beater until an apparently

homogeneous mass, free from every trace of wood fiber, is obtained.

This pulp is then drained from the bulk of its moisture by allowing

it to run into a vat provided with a bottom of metallic boards, where

it is subsequently dried, either in the air or in rooms having a tem-

perature of about 40°. The product contracts greatly and finally

forms a solid mass of the hardness of horn, which is sold under the

above name. The material is not waterproof. It has a sp.gr. of

about 1.5, is not inflammable, can be worked with tools like wood
or horn, and is very resistant to oils, fats, alcohols and petroleum.

It is said to be applicable as a substitute for horn or ebonite and to

l>e used for buffing and polishing wheels.

Cellulose Waterproofing Preparations.^ According to the proc-

ess of Hofmeier * cellular matter such as linen, cotton, etc., fibers,

or wood cellulose or woven material, is coated or impregnated with

a solution of equal parts of albumen and glycerol, 5% borax, and 10%
magnesium nitrate or sulphate. The treated sheet is dried, and

after moistening the surface is pressed between heated rolls or

plates. Fiber may bo mixed with the solution, and the mixture

pressed into molds. It is stated that in this manner a very inex-

p<^nsive but at the same time efficient waterproofing fabric may be

produced.

1. F. Taylor. E.P. 10804. 1884.

2. DR. P. 3181, 1878. Hofmann, Handb. d. Papierfab., 1703, where the paper
after gelattnization may be passe<i in sheets through the nitrating mixture, from
which it is rolled into water, washed, neutralized, and drieil. The inflammability,

of course, is greatly increased. Seea Iso Pharm. C'entralh., 1900, 41, 333; Cosmos.
1900. 42, .384.

3 See W. Walker. Mon. Sci., 1910, (4), 22, II, 461.
4. Gummi Zeit., lo, No. 20, 329.
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Pergamyn. Hans HofTmann,^ who has experimented considerably

with this material, states that ijorgamyn is simply ordinary cellulose

beaten into fine fibrilhp, and without gelatinization or other chemical

treatment. It is not a product derived from ordinary cellulose

hydration, as has been sometimes supposed. The uses are said to be

similar to those of vulcanized fiber. A. J. Hill ^ has devLsed a proc-

ess for applying a cellulose to the fibers of a hydrated cellulose fabric,

precipitating the cellulose, washing out the solvent, and then coating

the fibers with a proteid, as albumen in solution. By this means

artificial leathers, it is claimed, may be produced which may be

printed upon as in calico printing.'-

1. Papier Zeit., 1906, 31, 4190; E.P. 12023, 1S85; see also Gew. Bl. Wttrt.,

1901, 53, 348.

2. U.S.P. 705244, 1902.

3. For r^sumd of recent progress in industrial application of cellulose, see

A. Klein, Papier Zeit., 31, 4286, from Chem. Zeit., 1906, 30, 1259; F. Beltzer, Rev.
gen. chira., 1909, 13. 20. For preliminary treatment of cellulose for technical proc-

esses see E. Berl (Z. ges. Schiess-Sprengstoffw., 4, 81); O. Glum & Co. (D.R.P.
217316, 1908) the cellulose being immersed in a suitable liquid, such as glycerol or
oil, and heated at a temperature above 100°.



CHAPTER 11

CELLULOSE NITRATES

When* the celluloses in a comparatively high state of purity are

brought in contact with certain organic or inorganic acids, either

alone * or in the presence of a dehydrating agent, union takes place,

the number and nature of the combinations formed being dependent

in a large measure on the concentration of the acid, the temperature

and time of contact between cellulose and reacting acid, and the

ph\>ital condition of the cellulose molecule. Of the synthetical

derivatives of cellulose, the nitric esters ^—the cellulose nitrates

—

are of the most technical importance.

Historical. The earlier investigations on the cellulose nitrates

hail to do entirely with the higher nitrates and explosive forms used

in militar)' operations, and it was not until a much later period that

the products of lower nitration—the so-called pyroxylins, collodions

and photographic nitrocelluloscs—began to assume an industrial

importance. The historj' of the rise of the nitrocelluloscs of lower

nitration may, perhaps, be more properly considered in connection

with the foundation and rise of the celluloid, lacquer, collodion and

artificial silk arts, in which they are so extensively employed at the

present day.

Although Braconnot in 1833 ^ described the properties of a body

called by him xyloidine, and obtained by acting upon starch with

nitric acid, and Pelouze five years later,'* examined this product

1. Nitric acid alone of sp.gr. 1.42 has a remarkable toughening action upon
filter paper, and other forms of cellulose. .As in the pnxresses of parchmentizing
and mercerizing, the modification is effected by simple immersion of the cellulose,

the paper so treated being increased in strength nearly tenfold, undergoing at

the same time a contraction of about 10%. The cellulose so treated is free from
nitrogen. (Francis, J.C.S., 1«S6. 47, 183.)

2. Although the combinations of cellulose and nitric acid are usually spoken
of as nitrocelluloses, they are more correctly described as cellulose nitrates, since

they have never been found to yield amido bodies on reduction with nascent

hy<lrogen, one of the tests for nitro-substitution pro<lucts. In this instance,

cellulose .shows the weak alcoholic character of the molecule in the ability to

replace hvdroxvl for acid mdicals.

8. Ann. Chim. Phys., IS-'W, 52, 2*K); Pogg. Ann., iHMi, 2», 17().

». ( H.. l.s:iS, 7, 713; Jour, prakt. Chcm., 1H38, 16, 168; Fritzsche, Pogg. Ann,
ls:n,32, 481.

21
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and produc(;(l a sinulur body by acting upon paper with nitric acid,

the credit for tlic discovery of the cellulose nitrates is given to Schou-

bein,* who, towards the close of the year 1845, or the beginning of the

next year, announced his results on the behavior of cellulose when

immersed in a mixture of nitric and sulphuric acids. Bottger heard

of the results of Schonbein, and duplicated his work in August, 1846,2

both investigators uniting to pursue the subject further. The same

year Otto ^ made known his preparation obtained from cotton and

nitric acid.

Schonbein made the (then fanciful) prediction that " explosive

cotton wool " would soon be used entirely as a substitute for gun-

powder, a prediction that is becoming more fully realized each year.*

This discovery was hailed with delight both by practical men and

scientific investigators, and as a result of his discovery many prac-

tical tests were made, both privately and under government super-

vision in European countries, who looked forward to its possible

adoption for war purposes.^ These series of experiments, due to sev-

1. Pogg. Ann., 1847, 70, 320; C.R., 1846, 23, 678. 2. Ibid.

3. Augsburger .\Ilgem. Zeitung, Oct. 5, 1846; Jour, prakt. Chem., 1847, 40,

193; C.R., 1S46, 23, 807. ^
4. It appears from his own statements that his discovery of ozone, which he

considered a peroxide of hydrogen, led him to entertain rather peculiar views
as to the constitution of inorganic acids. He considered that a mixture of

sulphuric and nitric acids would have a strong oxidizing power, and to contain
a radical similar to ozone. This led him to the investigation of the action of his

nitric acid sulphuric acid mixture on various organic bo<lies, in one experiment
of which he discovered guncotton, and was so impressed with its remarkable
properties, that he forwarded specimens to his English friends, and immediately
commenced experiments looking to the use of guncotton for military purposes.
Although he published his discovery, he kept the method of preparation a secret

until after he had protected himself by a patent. It was announcetl soon after-

wards, however, by Otto of Brunswick and Bottger of Frankfort that they had
preparetl guncotton by the treatment of cotton wool with strong nitric acid, and
a snort time later Knop showed that a mixture of nitric and sulphuric acids was
preferable. C.R., 1846, 23, 808.

5. In 1845 Kamarsch and Heeren (Handworterbuch Chem., 1854, 6, 724)
working independently of Schonbein on the combined action of nitric acid with a
dehydrating agent, and in 1847, Millon and Gaudin (C'.R., 1846, 23, 980, 1099;
Auszug. Jour, prakt. Chem., 1847, 40, 193, 418) employed a mixture of sulphuric
acid and pota-s-sium or stxlium nitrates, which they found to have the same effect.

.Although the credit for the development of the production of guncotton is usually
given to Sch6nl>ein mainly on account of his success due to the addition of sul-
phuric acid for absorption of the liberated water, yet Pelouze (C.R., 1838, ", 713;
Jour, prakt. Chem., 1839, 16, 168) in 1S3S had drawn attention to the fact that a
substance of an ex|)losive nature couki l)e obtainetl by the nitration of l)aper, and
a-ssumcHl his substance identical with Braconiiet's xyloitlin, C»H«(.N'0^)()j, first

prepared in 1S33 by the action of nitric acid on starch, sawdust and linen. In
Novemlier, 1848, IVlouzc pui)lisluHl exp<'riments tending to show the relative
differences l)etween his pnKluct and xyloidin, his own appearing to l)e identical
with guncotton. Dumas also nitrate<l paper, and other chemists such as Piol)ert
in France, Morin in Russia and Al»el in England, investigate<l the subject, but
Sch/inbein was undoubte«lly the first to prove experimentally that guncotton wan
superior in energy to gunpowder. See also Blev, C.R., iSUi, 23, S()*>; Boiijeon,
C.R., 1847, 24, 190; Payun, C.R., 1846, 23, 999; the discovery of the solubUity
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(lal ilisiistrous ixpldsiuns, wcro ji^ruduully jilniiuloiuMl hy the Hcveral

governnuMits, except in Austria,* whore the experiiuentH were either

more fortunate or the exjMMinienters more iM?rst;vering. Ai<leU by
the patience and courage of the Austrian, Haron von Ix;nk, partial

success was attained, and interest in the subject revived, but only

tonjporarily.2 The improv(;ments of von Ix*nk were in the nature

of n'ndcring the guncotton more stable, but lack of knowledge in con-

trolling the processes of nitration gave such heterogeneous and
unlooketl-for results, and the process appeared so inii)ossible of

bringing to a rational basis as regards yield and properties of the

finished nitrate, that progress appeared slow and difficult.^ Tesche-

of certain kinds of pyroxylin was made in 1846 by Baudin (Guibert, "Histoire
de nouveaux Medicaments." Phot. Arch., 1863, 4, 178), but as he accompUshed
nothing of practical value, the work was taken up in 1847 by Flores Domonte
and Menard (C.R., 1846, 23, 1087; 1847, 2-1, 87, 390; .\uszug Jour, prakt. Chem.,
1847, 40, 421), and about the same time by Maynard and Bigelow. Domonte
and Menard showed analytically the difference lietween the ether-soluble and
ether-insoluble cellulose nitrate. Claudin (C.R., 1846, 23, 980, 1099; Jour, prakt.
Chem., 1847, 4», 418).

1. The Secmary of War in France, Feb. 3, 1846, appointed a commission under
the direction of the Duke of Mon timelier, which included among its members, Morin,
Pelouze and Piolwrt, who conducted their experiments behind closed doors. The
result of the work extended over three years, during which time they apparently
carefully studied the subject from every aspect, and their report was unfavoraWe.
In Russia the experiments were much less time consuming, and as the result of a
few explosions, the sale and transportation of guncotton in the empire was for-

bidden. In England the experiments were continued until 1854, but were gradually
abandoned in consequence of several spontaneous explosions. In Prussia the
experiments were finally di.scontinued, due to several disastrous explosions.

2. The guncotton produced by Lenk's process was said to possess more stability

than any heretofore made, and this in a measure may account for the more favorable
reports matle as the result of using his process. Lenk first boiled the cotton two
or three minutes in a solution of potash to saponify the fatty bodies, drained in

a hydro-extractor, washed with water, drained again, and dried. The cotton
was then immersed in a mixture of 1 part nitric acid, sp.gr. 1.48-1.49, and 3 of

sulphuric acid, sp.gr. 1.835, which completed the conversion in about ten minutes.
The acid-soaked cotton was then placed in crocks in a cool place and allowed to
remain forty-eight hours to complete the conversion, after which it was washed free

from acid in the usual manner and dried. In order to eliminate final traces of acid,

the product was boiled in a weak potash solution and dried slightly alkaline. In
consequence of the favorable results obtained by the I^enk methotl, the Austrian
(iovemment appointed a commission in 1852, which continued without inter-

mission for nearly ten years, at the end of which time the imperial commission
came to the conclusion that the guncotton produced up to that time did not possess

the re<iuisite stability for war purposes. In Septeml)er, 1862 (Sanford, " MiKleni

High Explosives," 109), it was ordered that the 30 guncotton batteries should again

adopt gunpowder, and guncotton used for shrapnel, but in 1865 a terrific explosion

shook the country and confidence of the people to such an extent that an c<lict

went forth for the destruction of all guncotton stored in the Austrian Empire.
.Vfter ita abandonment in Austria, it was taken up again in England, along lines

suggested by Lenk, and various devices in waslung and stabilizing were intro-

duced, which tended to increase its stability. Its introduction as a blasting agent
in England contributed much toward stimulating research in this direction and
directly opened a nuirket not in connection with war purposes.

3. In England, the first large factory, that of Hall Bros, at Favcrsliam, expUnled

in 1847, killing every person employecl on the place. On the 17th of the next

July an explosion of 1,600 k. guncotton at Bouchet, France, devastated the sur-
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machcr ^ showed that it is the nitric acid alone in the mixed acids

that combines with the cotton to produce the explosive form, while

Ransome ^ analyzed the product. Bowman ^ first pointed out that

property of the nitrate in becoming electrified when rubbed.

The work of Crum * is of especial interest aside from his exhaustive

work on the cellulose nitrates on account of the fact that he invented

the nitrometer and worked out simple methods of estimation of nitro-

gen based on its use. Gladstone* in 1847 was apparently the first

to appreciate the value of accurate solubility determinations of the

cellulose nitrates in various fluids, especially alcohol and ether. With

advances in analytical chemistry the various stages of nitration were

more accurately brought under control, accidents became less frequent

and disastrous, while at present they are but of occasional occurrence.

For the preparation of the less highly nitrated celluloses for use in

the arts in distinction from those of the highest nitration and intended

solely for ballistic purposes, Berard in 1857,^ Barnwell two years

later,^ and Henry the following year* made substantial advances,

and did much to place its manufacture upon a more exact and stable

basis. Parkes in LSGo and 1866,^ and Daniel Spill in 1868 ^^ pointed

out the possibilities for many useful and ornamental products in which

the nitric esters might profitably enter.

In fact, the earlier work was entirely along industrial lines, and

the theoretical problems as to the structure of the various nitrates

was but lightly touched upon. A number of deadly explosions in

different countries of various cellulose nitrates, and the investigating

committees appointed to determine their cause, were the principal

factors which turned attention to research along theoretical lines.^i

The Cellulose Nitrates. The earlier chemists who experimented

with the nitrocelluloses adopted the formula CeHioOs for cellulose,

rounding country. These and other accidents temporarily destroyed the hopes
of the committees appointed by the French and German governments, so much
so that the French Commission after six years of continued experimenting reportetj
that "in the present condition of things, there is no use in continuing the exjK'ri-
ments. ..." After Lcnk had found some of the causes of previous failure and
made the process of manufacture one of safety and profit, the English Government
was attracted again, and aided by Gladstone, Miller, Frankland, and Abel, perse-
vered until success was assured.

1. Mem. Chem. Soc., 1846, p. 253.
2. Lit. Phil. Soc., Manchester, 1846. 3. Phil. Mag., 1846, 28, 500.
4. Proc. Phil. Soc., Glasgow, 1847, 163. 5. Mem. Chem. Soc., 1847, 412.
6. E.P. 1883, 1857, prepared a nitrate lower than guncotton, by immersing

i lb. cotton in 5 lb. 5 oz. sulphuric acid and 2 lb. 6 oz. dry powdered niter and
subsequently wa.shing in runnmg water until free from acid.

7. E.P. 045, 1850. 8. E.P. 1454, 1860.
0. E.P. 3163, 1865; 270<), 1866. 10. E.P. 3984, 1868; 3102, 1869.

11. Sec " British Association C^ommittec on Guncotton " (1863), G. W. McDonald
Arms and Explosives, 1909, p. 23.
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and consequently regartleU " trinitrocellulosc," ('6ll7(N02):{05, as

the highest obtainable ester,* while the next lower derivative, " dini-

trocellulose," was consideretl to represent the coni|>osition of the lower

or more soluble body. A " mononitrocellulose " was not definitely

characterized, it being claimeil that those who apparently obtained

such a product were in reality dealing with a physical mixture of

unaltered cellulose with the di- and tri-tlerivatives. At this time it

was known that the tentatively accepted formula C6H10O5 represented

only the simplest expression for ccllulost», but it was considered suf-

ficiently comprehensive to express the various combinations with

nitric acid, that is, the various compounds resulting from the intro-

duction of the NO2 group into the cellulose molecule.

However, Eder 2 obtained at least four degrees of nitration, and
prepared products which apparently were well characterized. This

necessitated doubling the expi^essions for the various cellulose nitrates,

as Eder required the molecule of cellulose, C12H20O10 to represent the

various protlucts he had succeetled in producing. The formula for

the highest procurable nitrate was therefore raised to " hexanitro-

cellulose," although the |)ercentage compo.sition, of course, remained

unchanged. Veielle,^ however, working along similar lines, succeeded

in producing a still larger numl)er of tlerivatives, and in order to express

them in chemical terms, was compelled to double Eder's formula, and
thus make the highest obtainable nitrate a dodeca-derivative, and
its formula expressed by C24H2802o(N02)i2 from the parent cellulose

molecule C24H40O20.'* The following table represents the percentage

composition, and formulas of the different stages of nitration as

exemplified by the researches of Eder and Veielle.^ Mendelejeff, ®

by obtaining a product of 12.44*^^ nitrogen, which was completely

soluble in a mixture of ether and alcohol, came to the conclusion that

he had produced a product intermediate between the deca- and ennea-

nitrocellulose of Veielle, the latter having stated that the deca was
soluble and the ennea insoluble in ether-alcohol.^ On the basis of

1. The formula for this highest nitrate varied greatly with different experi-
menters. The formulas were derived cither from analyses, or, more usually, from
the increa.se in weight undergone by the cellulose during nitration. The formula of
Pelouze (1846) was founded upon the increase in weight (68-70%) which cellulotie

underwent when acted upon by strong nitric acid, an(l without sulphuric acid.

2. Ber., 1880, 13. 169. 3. C.R., 1882, 9«, 132.

4. By a study of those cellulose derivatives calle<l bi(jses, where two C.HjjO,
groups unite with one molecule of water, Skraup prepared chlorine-acetyl deriva-
tives whereby he has arrived at the decision th^t the simplest possible molecular
weight of cellulose is 5,508. while that of starch is 7,440.

5. But Veielle, and later Lunge, could not obtain in a stable state the highest
formation of nitrate, the doilcca-derivatives, theoretically possible.

6. Mon. Sci., 1897, 510.

7. From the present state of our knowledge it appears that a soluble (in ether-
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this work, it wa« proposed to again double the formula for cellulose,

the inolecule containing C48- The establishment by Lunge i and his

coworkers 2 that a soluble decanitrocellulose exists, together with the

fact that MendelejefT did not give experimental proof that his product

was free from homologous nitrates, has been considered insufficient

evidence for placing the formula of cellulose at present greater than

€•24.^ Although the real formula is unknown, any classification of

nitrates based upon the results of VeicUe's researches, satisfactorily

explains the phenomena of nitration, as so far observed.

Degrees of Nitration.
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immersed at a temperature not excwdinj; Kf for twenty-four hours.

Yield, about 175'/o on the cotton employed. So prepared, the hexa-

nitrate is soluble in nitrob<mzene, in.soluble in jUeohol, ether or mix-

tures of them, in glacial acetic acid or in methyl alcohol free from

acetone; soluble in acetone with difficulty; the most explosive form

of guncotton, and uawl industrially only for ballistic purposes. Its

ignition point varies between 1(K>-170°. Ordinarv* guncotton may
contain as high as l^)% ether-alcohol soluble nitrates, the hexanitrate

appearing to be the only cellulose nitrate quite, if not entirely, insol-

uble in alcohol-ether.

.^entanitrate. It is vctj difficult to prepare this nitrate in the pure

state by the direct action of nitric acid on cellulo.se, either alone or in

the presence of a dehydrating agent. According to Cross and Bevan '

the l>est method is that devised ])y Eder, making use of the property

(lis.ovcred by De \vi], that ilu hexanitrate dissolves in nitric acid

at about SO-OO", and is precipitated by sulphuric acid as the jjenta-

nitrate when the mixture is cooled to zero or lower. It may be further

purified by adding a large bulk of water, washing free from sulphuric

acid, dissolving in ether-alcohol and again precipitating with water.

This process is continued until the nitrogen content of the sample

remains stationary upon further treatment. This nitrate is readily

soluble in ether-alcohol or acetone, less so in acetic acid and insoluble

in ethyl alcohol. Chloroform, carbon bisulphide or amyl acetate have

but little ctli 1 1 upon it. It is readily reduced to the dinitrate by a

strong solution of potassium or sodium hjtlroxide.

The tri- and tetra-nitrates, which are always prepared together on

the manufacturing scale,—and are the nitrates of indu.strial importance,

—are formed when cellulose is heated with a more dilute nitric acid, but

at a higher temperature than that required to form the hexanitrate.

The time is also reduced from twenty-four hours to one hour or less.

On account of their ecjual solubility in ether-alcohol, acetone, amyl

acetate, ethyl acetate, nitrobenzene, and the other latent solid and

liquid cellulose nitrate solvents, it is difficult, if not impossible, to

entirely separate one from the other. On treatment with concentrated

nitric and sulphuric acids, additional nitrogen is taken on, and the

penta- and hexanitrates result. Conversely, they are reduced to the

dinitrate form by means of potassium or sodium hydroxides or alka-

line sulphides or sulphydrates.

;- Cellulose dinitrate, as has been mentioned, may be formed by

<^autiously reducing the higher nitrates, or by the action of hot and

dilute nitric acid upon cellnlo-' This nitrate dissolves readily in

1. Cross and L . Uulosc," IIKKJ, 39.
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acetone or ether-alcohol and is said to dissolve also in absolute ethyl

alcohol. If so, this is probably a distinguishing test for this nitrate

alone. The continual action of alkalis on the dinitrate in attempts

to prepare the next lower nitrated body—the mononitrate—results

in an entire decomposition of the cellulose molecule into organic

acids and undetermined bodies.

Researches of Veielle.^ More definite conclusions were reached

by this chemist than obtained by Eder, due to the fact that Veielle

made quantitative determinations at various stages of the nitration

processes. From his experiments it appears that the most important

factor in obtaining definite and controllable results is the concentra-

tion of the nitric acid, which was the principal variant investigated.

The temperature was kept constant at 10-11°, and a large amount

of nitric acid—from 125-150 times the weight of the cotton—was

employed, in order that rise in temperature or dilution of acid would

be reduced to a minimum and hence not affect the general results.

The products which were analyzed by a modified Schloesing's method

are expressed in cc. NO2 gas at standard temperature and pressure, and

calculated to 1 gm. of ester.

The table on following pag(^ contains a r6sum6 of his results.

The length oi exposure of the cotton was determined in each

instance, and was always under control. Veielle found with the acid

HN03.iH20 (1.488 sp.gr.) that after forty-eight hours' immersion, the

product was still blued with iodine, and gave 161 cc. NO2, but after

sixty-two hours' treatment (when the iodine reaction could not be

obtained), the product contained 165.7 cc. NO2. He concludes that

the explosive properties of the cellulose nitrates are in direct relation

to the completeness of nitration, that with decrease of nitric acid

absorbed by the cellulose molecule decrease in combustion results, and

increase of carbonaceous residue as the final result. For practical

purposes, the classification into three groups is made, the ''guncot-

tons," "collodions," and "friable cottons." 2 The stability decreases

with decrease of nitric acid content, with respect to reagents such

as hydrochloric acid and ferrous salts. With products of low nitra-

tion, the decomposition commences in the cold; with mean nitration

a few minutes' heating is required, w'hile with the products yielding

1. C.R., 1883, 95, 132; Mem. des poudres et saltii^tres. 2, 217; C.R., 1898, 126,
1658. See also BrUley, Ibid. 8, 111; Muller and Justin, Rev. chim.. 1907, 10, 263.

2. According to Veielle the measurement of pressures develope<l bj' the prod-
ucts in closctl receptacles showed that the force diminishes correspondingly with
a decrca.se of nitrogen. Thus a collodion cotton yieliling 184 cc. NO, nroduce<l
pressures inferior by one-fifth those furnished by a guncotton of 211 cc. Therefore
the percentage of nitrogen constitutes a true measure of the explosive qualities
of the nitrate.
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more than 200 cc. nitrogen dioxi<le per fiiuin, sustained ebullition in

requiretl to induce decomposition. These? nitrates, then, app<?ar to

acquire a ma.vimum of stability along with a maximum of power.

Dv-n5ltvof
II.vp.
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as to their composition and j)ropcrti('s which would result from the

variation of the different constituents in the nitrating fluid, so that the

solubility and nitrogen content of a nitroceUulose could be calculated

with a reasonable degree of accuracy in advance of production. As
a source of cellulose, they used " chemically pure surgical cotton wool,"

last traces of fat being removed by boiling in dilute sodium carbonate

solution, drying and extracting with ether. The cotton was dried at

100° until no further loss in weight occurred and kept in a desiccator

until us(\l. The ash averaged O.OC^'t .^

The lugh{\st stage of nitration was obtained by using 2.5 gm. cel-

lulose, 30 gm. nitric arid (sp.gr. 1.52) and 90 gm. sulphuric acid (sp.gr.

1.S4) at a constant U nipcruture of 15° during twenty-four hours, the

nitrogen content varying from 13.37-13.4% which approaches closely

(13.50%) to the endecanitrocellulose, and accords with the highest

nitrogen product of Veielle (13.42%),2 Eder (13.91<;c) ^ and Vignon

(13.35%)^. Variation of the temperature within the limits 0-40° did

not produce higher nitrogen percentages, from which the conclusion is

reached that the endecanitrate is the maximum obtained by nitration

with a mixture of nitric and sulphuric acids. Increasing the quantity

of sulphuric acid lowered the nitrogen content, while decreasing it

caused a slight rise in nitrogen. However, by using the method of

Hoitscma^ a nitrate containing 13.90% was obtained, sufficiently

near to the porcontairf^ for dodecanitrate (14.16%).^ However, in later

experiments with JUbic, I.unge demonstrated that with acid mixtures

containing as high as W.'.W , water, a product containing i:!.^'

,

nitrogen can be obtaiticil, which, iiowever, is not stable but fria<hially

loses nitrogen until ];>.."/
, nitrogen is reached, but remained pcifectly

constant at this point. It appears, therefore, from this investigator's

work, that the endecanitrate is the highest stable form. The important

observation was made and experimentally corroborated, that by lower-

ing the proportion of wati i to a minimum," the percentage of nitrogen

in the product is not laiscd, and that it is therefore useless to

increase the expense in nitration V)y employing mixtures too high

in total acid.

The influence of water on the nitrating process was determined

1. The acid mixtures in each in.stance were made from weighed (jimntities of

"chemically pure" sulphuric acid sp.gr. 1..S4, and fuming nitric aoi<l sp.gr. 1..V2,

the former showing 95.(52% HjSO,, the latter {r.i.76% H.NO3, and from 12^^. lower
oxides of nitrogen which wen- rttiioved in the ordiiuiry wav.

2. (;.R., lSS:i, 9r>, 1:{J. S<c ^Iso L. Vignon, V.R., vmya' i:m5, sis.
3. Her., ISSO, 1», 17(; 4. C.R.. ISOS, 12<5. .Imir (..

r>. Z.ang. ('hem., lS!ts n 17:!; ahst. J.S.('.I., 1S«)S, 1". ;{74.

G. I I.N. Warren, ('..N., l.s'.Ki. 74, 23!); formation of " tetranitroeellulos. ' from
the trinitro- and phosphoric aidiydride luus never l)een corroborated.

7. Which was affected by the addition of fuming oil of vitriol.
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by keeping the nitric and sulphuric acids practically constant, • and

varying only the water content.^ The results are appended in the

following table:
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in the acid mixture* Below 10% N, it is seen, the solubility rapidly

diminishes, \vliil( it ilu- acid mixture contains 2o^/[ \\;it(r or more,

much unchanged cotton is left. In the beginning, there is but httle

nitration, but much oxycellulose formed.^ The morphological struc-

ture of the nitrate is greatly altcKd 1>\ mi increase of water in the

acid mixtures, above 18% water the fibers showing disintegration, the

destructive action being at the maximum with 2')' ,' water.

In determining the influence of temperature on the nitrating

process, it was found that rise in temperature rapidly increases the

speed of the process, while the percentage of nitrogen decrea.ses when
passing from 15-40°, but remains practically constant when nitrat-

ing from 60-80°. By nitrating at higher temperatures the cellulose

structure is materially changed and passes into solution in the react-

ing mixture. Best results in the production of a nitrate of 99%
solubility in ether-alcohol was obtained by nitrating four hours at 40°

in sulphuric acid 38.95%, nitric acid 42.15V(, water IS. 9','. In vary-

ing the proportion of sulphuric acid to nitric acid, Luiijic found that

with increase of the former the speed of the process rapidly decreased

up to equal parts of each acid, while the maximimi of nitrogen in the

product is produced, if the proportion of sulphuric to nitric acid be

not less than 1:4 nor greater than 3:1. Furthermore, above a cer-

tain proportion of sulphuric to nitric acids (approximately 8 : 1) the

final product always contains cellulose, while an excess of sulphuric

acid aiTects also the structure of the cellulose nitrate. In general,

however, the larger the quantity of sulphuric acid in the nitrating

fluid in comparison to the nitric acid, the slower the entire process

is completed. Lunge's work showed that for the preparation of cel-

lulose nitrate of practically complete ethcr-alcohor solubility, the

proportion of equal parts of nitric and sulphuric acids with 19-20%
water in the mixture should not be exceeded. In corroboration of

Bronnert-** and Vignon,** it was noted that more dilute acid mixtures

evidently resulted in the formation of oxycellidose, if not some nitro-

oxycellulose.^ Of the cellulose nitrates obtained in the usual manner,

1. The author is aware of substantially this formula having been use<i com-
mercially by means of centrifugal nitration and with excellent results as regards
uniformity m ether-alcohol solubility.

2. This may be shown by the entire or partial solubility in dilute alkalis;

precipitation from solution by acitls or alcohols; intense coloring with basic dye-
stuffs; reduction with Fehling's solution and reaction with phenylhydnusine.

:J. Bull, de Mulh., 1<»00.

4. V.\i., 15KX), 131, Sept. 10.

5. For each test 0.5 gm. of the product under examination was heat<?«.l on the
water bath with 150 cc. of 0.5% solution methylene blue for an hour, anti after

cooling 1(K) cc. compared with an ec|ual volume of the original .solution in a I^umnier-
Brodhiihn colorimeter, to ascertain the loss of coloring matter. The n«sults obtained
indicated that the products formed with concentratetl acids contain no oxycellulose,
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protlucts soluble in ether-alcohol may be obtained from 10.19% N
(hepta-) up to (lecaiiitrocellulose (r2.7.S% N), but the collodion

and pyroxylin of commerce used for lacquers and artificial leathers

and silk, range bctwe<»n hepta- and ennea-nitrocellulos<' (11.98% N),

and where complete solubility is desired, nitrogen piTcentages from

11-11.5, with formula No. 7 in the preceding table.* The propor-

tion of lower o.xides of nitrogen in the nitrating mixture had little,

if any, influence on the yield or nitrogen percentage of the resulting

product, as is indicated by the following rcsulfs, in wliich \hv. question

of stability does not enter:

No.
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p

prepared for nitration, pure fat-IKc cot tor/ cellulose; sulphuric acid

and hydrogen dioxide hychocclluioscs; and potassium permanganate,

bromine, nitric acid, jjotassiuni cldoiatc and calcium hypochlorite

oxycelluloses, and they give in tal)iilai toim tlic authorities for the

compositions used in the pn^paration of th(!ir substances, the prox-

imate analyses of the products and their physical and chemical prop-

erties. These various derivations nmk then nitiatcd and the prod-

ucts examined by physical and chemical rtethods, the results being

set forth in tabU^s and graj)liic diagrams, showing that the authors

have made a comparative study of the hydrocelluloses and oxycellu-

loses previously known; have prepared a new oxycellulose by treat-

ing cellulose in the cold with calcium permanganate; have formed

the nitric esters of these su))staii(es under identical conditions and

subjected them to comparative study; have ilemonstrated that the

nitrate containing V.MV ', N, obtained at ordinary temperatures, is

a true nitric ester of celhilose; have shown that under these comli-

tions the lu'dro- and oxy-cellulose nitrates obtained contain less N
than the cellulose nitrate does; that the solubilities of the hydro-

and oxy-cellulose nitrates in ether-alcohol is the same as that of the

cellulose nitrate; that the absorptive powers of the hydro- and oxy-

cellulose nitrates for methylene blue is much greater than that of cel-

lulose nitrate; that the unnitrated materials fix much more methylene

blue than their nitrates do; that the viscosities of acetone solutions

of cellulose nitrates augment, for the same temperature and equal

duration of nitration, with the N content; that the viscosities of ace-

tone solutions of pure cellulose nitrates are superior to those of the

hydro- and oxy-cellulose nitrates of the same X contents; and that

the ti-eatnient of cellulose with hydrolyzing or oxidizing agents causes

a breaking up of the complex cellulose molecule.

C. Piest * has studied the influence of the prior treatment of the

cellulose on the properties of the cellulose nitrates derived from it,

when working with large quantities. For this purpose he has

nitrated cotton which has been exposed for forty-eight hours in a

bleaching powder solution of 3.5° B6. or exposed for eight days to

1. Z. ang. Chem., 1908, 22, 1215. For action of solutions of sodium hydroxide,
barium hydroxide and ammonium sulphide on cellulose nitrate, see Pii«t, Z. ang.
Chcm., 1<)10, 23, 1009. E. Borl and A. Foilor (Z. ges. Schiess- u. Sprengstoffw.,
1910, 5, 254, '269) have studied the nitrogen products formed by alkaline hydrolysis
of collulos(^ nitrates, recording observations with dilute aqueous sodium carbonate,
alcoholic KOII,and ammonium sulphide. The complete hydrolysis in alcoholic solu-
tion was shown to pHnluce. as an mterme<liate prmluct. a cellulose nitrate soluble
in ether. When hvdrolyzed with ammonium sidphide, the lactone of hexonic aciti

was formed. Cellulose nitrate in acetic acid, when heate<l for two Iiours with
phenylhydrazine or p-bromphenylhydrazine, formed a phenylhydrazine derivative
with cellulose nitrate of the formula C,4H„()„(N0^|.
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bleaching powder solutions containing respectively 2.5 an<l 5 k. to 5

1. of water, or mercerizetl by treatment with 18.5% sodium hydroxide

solution for twenty minutes, or heated U^n hours at 150° in a cur-

HMit of carbon dioxitle. Using a certain described nitrating acid

luixturo, the nitratetl pro<luct obtained from the cotton treated by

1)1< Mchin;; jMJwder solutions ami by sodium hydroxide solutions had

a lout r X conttHit and a much higher solubility in ether-alcohol

than nitratetl cellulose from ordinarj' cotton. The product from the

cotton heated in carbon dioxide has a higher X content than that

from ordinary cotton and about the same solubility in ether-alcohol

and absolute alcohol. The solubility of the product of the bleached

cotton in absolute alcohol increases the more the cotton is bleached,

ft?id the stabilized material is more soluble in ether-alcohol, than the

ii.ti -t:il.ili/t 1, but stabilizing is difficult with the strongly bleached

itittoii product. It is more difficult to stabilize the products of any

of tIi,^, otoccsses than those from ordinar}* cotton.

I hcopN of Nitration. Xo satisfactory general scientific theory

counectiug the composition of the mixed acids, temperature and degree

of nitration, with chemical constitution has as yet been enunciated.

The difficulties in the way of such a generalization are as follows:

The absolute molecular weights of cellulose and the cellulose nitrates

are unknown. Xo cellulose nitrate as a distinct chemical individual

has JI.S yet been prepared and investigated, due to the fact that in the

nitration process the increment of nitric acid in the cellulose mole-

cule is progressive and by indefinite stages, and a series of nitrates

always results. The laws of mass action cannot be applied to the

system of acid mixture and cellulose nitrate, on account of entire

absence of homogeneity. And finally, the complexity of the react-

ing mass, containing in some instances, in addition to cellulose, acids,

water and nitrateil cellulose, hydrocellulose and oxycellulose and the

nitrates therefrom, and sulphonic and nitrosulphonic acid esters.

Xo cellulose nitrate or derivative therefrom has as yet been prepared

ill a f-rystalline state. Xo cellulo.se nitrate has been distilled or vapor-

b.vd vinchansod. We see, thorofore, that the usual expedients of

puriiication preceding a general examination and isolation have as yet

to be overcome with this class of esters. Saposchnikov ^ has embo<lied

his investigations of the mixed nitrating acids with respect to their

individual constituents in a series of curves, whereby the vapor ten-

sion of nitric acid in the nitration fluid with the composition of the

entire mixture has been elucidated.^ In a second series of experi-

1 I l; -^. Phys. Chem. Soc., 1906. 3S, 11S6, 1192; abst. fCA, 1905, (2),

5S3; i'»> .. 1
1 !. r.s' .I.S.C.I., 1«>07, 26, :«; 1<KH>, 28. 747.

2. J. HU.S.S. l'hv<. (hem. Soc., 1904, 3o, 669, 1098; 1905, W, 518; Chem. Centr.,
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merits ^ the relationship of the dogroo of nit!^tion obtained with mixed

acids under parallel conditions, i.e., the molecular proportions of the

ingredients present in the mixed acid, has apparently been established.^

In attempts to prepare a cellulose nitrate in a pure state, Rassow and

V. Bongc 3 used the purest Schleicher & Schuell filter paper,

HC1,HF, and ether extracted, apparently free from unaltered cellulose,

which was nitrated with a mixture of 99.7% nitric acid and 100%
sulphuric acid, but the results were conflicting.^ The cellulose mole-

cule appears to be an aggregate in which according to the amount
of nitric acid introduced, higher or Jower nitrated products result,

and in which the change in composition goes on without a break,

provided the conditions are suitable. This hypothesis is the only

satisfactory explanation of the various anomalies observed by investi-

gators of irreproachable integrity, not only in the nitration of cellulose

1904, 1, 1322; 2, 396, 68.5; J.S.C.I., 1904, 23, 865. In J. Russ. Chem. Soc., 1906,
88, 1192; 1903, So; 1904, 3«; 1905, 37; he finds that on continually adding sul-

phuric acid to nitric acid of a definite strength, the vapor pressure of the HNO,
continually increases .and reaches a maximum at a point corresponding to a system
HNOp+nCHjSO^HjO). At this point the partial pressure of the nitric acid is

identical with that of anhydrous acid mixed with the same profKsrtion of pure
H2SO4. Where nitric acid (sp.gr. 1.52) was used alone, a cellulose nitrate of

12.06% N was obtained, with 10% sulphuric acid, 13.35% N, due to the removal
of some of the higher oxides of nitrogen by the sulphuric acid in converting them
into non-volatile products, thus raising the vaj)or pressure of the HNO, itself.

Further addition of sulphuric- acid up to 80% gave practically the same product
with 13.2-13.36% N. With higher percentages of sulphuric acid, nitration l)ecame
impossible. In a mixture of 10 parts HNO3 and 90 parts HjSO^, cotton dissolves
without residue and no appreciable amount of solids can be obtaine<i even after
pouring the mixture into a large volume of cold water. He has found that the
degree of nitration depends only upon the strength of the nitric ?jcid present in

the mixtur.e, and not upon its relative amount, changes in the temperature of the
nitrating fluid having no effect upon the maximum of nitration. Water present
m the reaction prevents the conversion of the HNO3 into NjOj by the HjSO<,
and furnishes an ester less liable to decomposition and loss of N during the sub-
sequent thorough washing with water. His results show distinctly that sulphuric
acid dehydrates nitric acid containing water, and makes it thereby more active
tor the purpose of nitration.

1. Steventh Int. Cong. App. Chem., London, 1909. In this communication the
two series of curves have been combined by the method of co-ordinate triangulation,
when a clear idea of the conditions governing any desired degree of nitration may
be obtained.

2. See " Kinetics of Nitration," Haavard Martinsen, Z. Phys. Chem., 1907, 59, 605;
1904, 50, 385; also Berl and Klaye (Z. ges. Schiess. u. Sprengstoffw. 1907, 2, 403;
J.S.C.I., 1907, 26, 1157), have shown the nitration process to be a reversible reac-
tion: C24H„O20 + nHNO3<=±C24H40-nO20-n(OXOj)n + nH2O, and find that after a
certain maximum substitution has been attained the .sulphuric iicid of the nitrating
mixture acts asa hydrolizing agent. AI30 Berl and Smith, Ber., 1907. 40, 903; JiS.C.I.,

1908, 27, 535.

3. Z. ang. Chem., 1908, 21, 732.

4. They found that to obtain an ester perfectly insoluble in water the mixttire
used must contain 7 parts sulphuric acid for at h-a-st 1 part nitric aci(l. The nitrate
thus prepared contained 37.8% unchanged cellulose. With anhydrous acids it was
found impossible to obtain such highly nitrated protlucts as with comniercral acids.
The solubility of the pro<lucts in the usual cellulose nitrate solvents was small when
prepared with anhydrous acids.



CELLULOSE NITRATES 37

and the solubility of the various nitratt*s in stated fluids, but also in

the physical tleportment of the solutions themselves, strikingly exem-

plified in their solubility and viscosity. The author suggests a fruit-

ful method of attacking the problem in the fractional precipitation

of commercial nitrates in solution.

Much expt^rimental proof has been given in supiiort of the opinion

that the mixture of sulphuric and nitric acids results in the first instance

in an attack on the cotton by the sulphuric acid similar to that formed

in the preparation of vegetable parchment, and that the nitric

acid subsequently replaces the sulphuric acid in the reacting cellulose.

It is a fact, however, that in the system, cellulose, sulphuric acid,

nitric acid and water, each endeavors to carr>' out " its characteristic

function,'* the sulphuric acid to dissolve (the cellulose), the nitric

acid to form nitric esters/ and the water to hydrate or hydrolize,^

depending u|X)n the amount present in the mixed acid.

Commercial Nomenclature of Cellulose Nitrates. The great-

est confusion exists as to definiteness in nomenclature of the various

cellulose nitrates, but Tew of the names proposed having a definite

signification. There is to be found in the literature no logical classi-

fic: tion based upon name only, due to the fact that the same name
is apparently used for a variety of protlucts as judged by nitrogen

content and ether-alcohol solubility.

" Guncotton," " explosive cotton," and " ballistic cotton " are

teniis nearly always applied to the highest nitrated celluloses, which

art' practically insoluble in ether-alcohol, and intended solely for

ballistic purposes.

" Pyrocollodion "—in the United States, at least—is applied to

that form of cellulose nitrate practically entirely soluble in ether-

alcohol and of about 12.6^ nitrogen.

" Collodion," " collodium," " colloxylin," " photocotton," " neg-

ative cotton," " sensitive cotton," " photoxyUn," " adhesive cot-

ton," " protective cotton," " ether glue," are names introduced

during the u.se of thes<» esters in pharmacy and photography, and
in liciicral iiulicatc those lower nitrates which are soluble in ether-

alcohol. But endecanitrocellulose has been produced soluble in this

1. Hake and Bell. J.S.C.L 1909, 28, 458.
2. Crane and Joyce, J.S.C.L, 1910, 29, 542. They consider the mechanism of

the reaction as follows: "The sulphuric acid dissolves the cellulose, forming
sulphuric esters. These are decomposetl into hydrates by the water and are also
converted into nitrates by the nitric acid. The progress of this reaction is

indicated by the increased percentage of nitrogen and the decrease of combined
sulphuric acid in the product obtained with an acid temperature of 10° over that
nitrated at 50°. Increase of the rate of reaction causes a decrease of the interme-
diate product and tends towards a completion of the formation of the final product,
the hvdrated cellulose nitrate."
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mixed solvent, and the lower nitrates (hej>ta and octa) have been

prepared which are practically insoluble in ether-alcohol. Further-

more, ether-alcohol is used Ichs at the present time as a general

solvent in the production of photographic films.

" CcUoidin " and " photoxylin " arc trade names for purified

cellulose nitrates used principally as imbedding media in histology

and microscopy.

"Xylonite," " zylonitc," " fiberloid," " pyralin," " viscoloid,"

" celluloid," " Arlington paste," " cellonite," " pyrantin," " pasbo-

scne," are camphor-containing cellulose nitrate plastics.

" Pyroxylin " ^ by common consent in the United States is applied

to those cellulose nitrates soluble in amyl acetate and commercial

wood alcohol, and used for lacquers, waterproofing solutions, leather

compositions and artificial silk manufacture. The nitrogen content

varies from 10.5-12.2%. " Friable cotton," " friable collodion " is

a loose expression applied to cellulose nitrates of low nitration.

A description of a cellulose nitrate sufficiently specific for duplica-

tion must contain: (a) a statement of the percentage of nitrogen;

(6) degree of solubility in a named pure solvent; and (c) viscosity

of a given weight in a specified, neutral licjiiid at a named temperature

and by a stated method. The omission of any one of the above

three-named specifications, renders impossible the duplication of the

product from description alone.

Cellulose used for Nitration. It has been stated, and probably

correctly, that at least 95% of the cellulose nitrated (nii-i>i> of some

form of cotton. In general, the purer the cellulose used, the less dif-

ficulty in nitration and subsequent elimination of the acid, the higher

the yield, and the more stable the nitrate formed. There is an eco-

nomic limit, however, to the cost of the cotton which can be used, due

to keen competition. The higher grades of Sea Island antl Egyptian

long-fiber cottons are never used, mainly on account of the cost of the

raw material. Tissue paper which finds extensive; use with the

celluloid manufacturers and producers of fine pyroxylin lacquers will

be subsequently mentioned. The skeins of long stapled yarn used

by von Lenk were undoubtedly of high purity and unusually free

from waxy matters and inorganic constituents. At the same time,

however, the fact that the skein condition was maintained through-

out the entire nitration and purification process made it much more

difficult and tedious to free the nitrocotton from the subsidiary

products of the nitration process. The reduction of the cotton fil>er8

1. "Pyroxiline" (Ure. Diet. Arts and Manufactures, 1853, 2, 532) ia the name
applied to a substance detected in pyroxylic spirit (the uld name fur wood alcohol).
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to extremely short lengths in the pulping treatment removes in a

great measure this difficulty.

Ordinarj' cotton waste is the principal form of ccllulotic usetl in

tlu' United States at the present time to produce the cellulose nitrates

i»f industrial importance as distinguished from the higher nitrates

used for explosives and as propulsive agents. This waste as obtained

from the mills is in a very impure state, but so great has the consump-

tion of this form of cotton become, that a separate industry' has sprung

up for the purpose of converting this mill waste 'into a form and

purity suitable for nitration. The processes to which it is subjected

arc: degrcasing by means of extraction with solvents, usually benzine

or carbon tetrachloride; scouring, bleaching, and washing. The

effect of these treatments, when properly carried out, is to produce

a fairly pure and resistant short-fiber cellulose, and these processes

have now reached such a high state of perfection that it is not unusual

t(j procure cottons of an ether-extract of not over 0.2'/(, and prac-

tically free from hydro- and oxy-cellulose. Cellulose nitrates of as

high degree of purity as regards application of the heat test are not

required for the pro<luction of photographic films and lacquers, and

a mixed cotton Wiiste can be used. The chief disailvautage of con-

taining bits of wood, rubber, and other foreign bodies, is being over-

come by improved methods of mechanical separation of these impuri-

ties^ the presence of which, no doubt, are important sources of

decreased stability. The fact that cotton waste is plentiful, easily

procured and reasonably cheap, and can be depended upon to pro-

duce a nitrate satisfactory- as regards nitrogen content and solubility,

irives it preference over other sources of cellulose. Some have claimed

tiutt cotton produced in a colfl, wet season, in which the growth has

l>een slow, as indicated by the thickened cellular wall and smaller

canal, does not nitrate or neutralize as readily as a cotton grown in

a favorable locality as regards humidity and high temperature, where

the microscopic examination shows a thin-walled tube with a larger

lumen. However, in practice no variation in the nitrating process is

1. So-called weaving-mill waste is a material compose*! entirely of woven cotton

fabric, often of pieces of underwear and stockings, partly broken down l)y mechan-
ical means. It differs materially in character, and as obtaine<l contains starchetl

and unstarched pieces. It is also apt to be overbleached and contain an undue
amount of alteretl cellulose. In its best form it is a pure cotton cellulose and
makes excellent pyroxylin, especially as reganls yield, the large pieces retaining

perfectly their snape during the nitrating process. It is at present difficultly

procurable, aijd its cost is higher than the normal price of cotton waste. The
short filjer from the cotton seed or the "combings" trom cotton threat! spinning

and twisting, would no doubt make excellent material, if it could rea<lily be

obtained free from dust and panticles of the sect! husk. .As it appears difficult

to entirely remove the husk by mechanical means without subjectmg to drastic

chemical treatment, it is not used to any considerable extent.



40 MTltOCELLL LOSE INDUSTRY
/

made as the result of the microscopical structure of the individual

cotton fiber. Cotton waste has been used since the early days of

guncotton manufacture.

In regard to the structure of the cellulose fiber as influencing ease

of nitration, F. Nettlcford says ^ " it will be readily understood that

the thin side-wall tubes of the cotton fibers are readily penetrated

by the mixed acid, as compared with flax or other hard-walled fibers.

In the latter, the walls are comparatively thick, and the central canal

small," and the fact noted that flax is more difficult of nitration and

subsequent neutralization is undoubtedly due to the variation in

microscopal structure. New Zealand fkx gives the most perfectly

fluid nitrates of any of the flaxes, it is claimed. It is therefore

evident, that a given fiber requires an adaptation of the nitrating

method to accord with the structure of its filaments, and in the most

compact cells, as in certain evergreen trees, the ligneous fibers are

very difficult of penetration.

Lunge,2 who has examined the subject experimentally, "procured

from the leading cotton mills in Switzerland authentic samples of

the most varying grades of cotton, which were carefully cleaned mechan-

ically and washed in the same way as in the manufacture of guncotton

and nitrated with the same acid mixture (63.84 sulphuric, 16.96 nitric

acid, 19.20 water), keeping all the conditions of the experiments

exactly alike. Together he nitrated a sample of ' chemically pure

surgical cotton wool,' with the following results:

No.
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explained by the difference in purity, the ^iurgical eottons containing

only O.i)o* c f^^f *ht' eomraercial cottons aveniging 0,5' t ash."

Notwithstanding the above, it is the practical experience of manu-

facturers covering a number of years, and in which several hundred

pounds of collodion nitrocotton was daily protluced, that there is

a great difference in the facility with which various kinds of cotton

can be nitraietl, and the ease with which the acitl may l>c romove<l

after nitration. The tendency to " burn " or fume in the nitrating

bath, and toughness of cotton after nitration, are properties appar-

ently sufficiently inherent in the cotton itself to differentiate one

grade of cotton from another.

U. S. Ordnance Requirements. The requirements of the

Ortlnance Di^partment of the United States Army, as Revised April

18, 19(J8, prescribe that the cellulose prepared for nitrating must be

bleached cellulose, which will be obtained by purifying unspun cotton

wastes, and thoroughly washing to remove purifying materials or

salts;! containing not more than 0.7^/c extractive matters; not more

than 1.25% ash; of uniform character, clean and free from such

lumps as win prevent uniform nitration.

" The extractive matter is determined by extracting about 1.5 gm. of

cotton in a Wiley extractor with ethyl ether, and weighing extracte<l

matter after drjing at 100°. The percentage is calculated on dr\' cotton.

"Ash is determined by digesting about 1 gjn. of cotton with a little

pure nitric acid and incinerating at a red heat, weighing residue

and calculating percentage on dr\' cotton. Moisture is determined

by dr>'ing about 3 gm. of cotton at 105° to constant weight.

" Mixed acids for fortifying. A mixture of sulphuric and nitric

acids will be used, containing no metallic salts, other than salts of

iron, and only a trace of chlorine compounds.

1. The acetone to be used in the preparation of the English explosive "cordite"

must conform to the following requirements:
"1. The acetone to be not more than 0.802 sp.gr. at 60" F. When mixed

with distilled water it must show no turbidity, and must leave no residue on evap-

oration at 212° F. On distilktion, four-fifths by volume of the quantity taken

must distill over at a temperature not exceeding 1.38° F. The residual matter

left after tliis distillation must not contain, l)esides acetone, any ingredient that

is not a by-product incidental to the manufacture of acetone.
"2. One cc. of 0.10^^ solution in distilled water of pure permanganate of potash,

added to 100 cc. of the acetone, must retain its distinctive color for not less than

thirty minutes. This test should be nuule at a temperature of 60° F.

"3. The acetone tested by the following method must not show more than

0.005% of acid, calculated to acetic acid:

"To 50 cc. of the sample diluted with 50 cc. of distilled water, with 2 cc. of

phenolphthalein solution (I gm. to 1,000 cc. of 50% alcohol) added as an indi-

cator, add from a burette -"— sodium hvdrate solution (1 ccT 0.0006 gm. acetic
100

acid), and calculate to acetic acid in the usual manner."
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" Ether. Ethyl ether will be used containing no impurities except

small quantities of ethyl alcohol and water; to be clear and colorless;

with characteristic pure odor; having less than 0.006' o acidity,

calculated as acetic acid; sp.gr. at 20°, 0.717-0.72^3; having less

than 0.002% residue after evaporation and drying at 100°. The

sp.gr. is determined by weighing a calibrated ^-1. flask filled with

ether, at a temperature determined by a thermometer in the flask.

''Alcohol. Ethyl alcohol 92.3% absolute (by weight) will be

used; of best (juality; clear and colorless; having characteri.stic,

pure odor; having less than O.OOG' ^ residue after evaporation and

drying at 100°; having acidity less than 0.01% calculated as acetic

acid. It shall be sul)jccted to the silver nitrate test as follows: 3

gm. silver nitrate, c.p., 3 gm. NaOH, c.p., 20 gm. NH4OH, c.p. (sp.gr.

0.90). Make up to 100 cc; 10 cc. of the sample diluted with 10 cc.

water are placed in a tight bottle, to which is added 1 cc. of the silver

nitrate solution. Allow to stand one hour in the dark and e;camine

for unreduced silver salts in clear solution, after filtering. If such

are found the alcohol contains less than the allowable amount of

aldehyde. The sp.gr. is determined by weighing a calibrated ^-1.

flask filled with alcohol, at a temperature determined by a thermometer

in the flask. The strength of alcohol is calculated by the use of the

alcohol tables given in the latest edition of Allen's ' Commercial Organic

Analysis.*

" Carbonate of Soda, Soda Ash. The best quality of refined alkali,

free from sulphides, containing at least 96% NaoCOs, calculated

on dry sample, will be used."

, Properties. It is impossible to tell cotton from nitrated cotton

or the various cellulose nitrates among themselves by inspection

alone. Without taste or smell, it preserves perfectly the appearance

of the cotton from which it is made, being, however, harsher to the

touch, and gives out a slight crackling sound when compres.sed.

When rubbed, especially at a moderately warm temperature, its

fibers become strongly electrified, and will adhere to the hand.*

Density. Statements of the density of cellulose ^ and cellulo.se

nitrate ^ vary materially, due probably both to the method of deter-

1. Plates for static electric machines have Iwen construct«U by dissolving

nitrated cellulose, forming large sheets or films and pressing these together into a
plate, after which they are cut or sawed into the desired shape and thickness.

(See Chapter XIV.) R. Fortun and E. Semprun (K.P. 8280. li»01) have devised
a process for making separators for use in a sectmdary galvanic l»attery, by
superficially nitrating sheet cardboard, and applying a coat of silicate paint to
the dried surfaces.

2. Watt Diet. Chem., 1, 714, sp.gr. 1.27-1.45; Chemiker Kalender, 1, 625;
Cross and Bevan, "Cellulose," 185)5.

3. O. Guttman, "Schiess- und Spreiigsmittelw.," 1900.
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mination and the nature of the material used. Dc Moscnthal,* who

has made careful determinations of samples from various sources,

gives 1.52-1.00 as the density of purifietl cotton,^ and of nitrocotton

1.65. The gravimetric density in the pulped state is about 0.3. It

appears that nitrat^nl cottons of varying degrees of nitration pos-

sess practically the same densities,^ and that, therefore, density

1. J.S.(M., 1904, 23, 292; 1907, 26, 443; Jour. Dyere and Col.; VJOi, 20, 292;

1«K)7. 23. 214.
2. The mctho<i of determination is by means of a 100 cc. Regnault picnometer,

the water being first boile<l and then uitrotluced hot after a>Mjut 10 gm. of the drie<l

material has l)een weiphe*! in. The water is alloweil to .soak into the material,

apiin boiled by creating a partial vacuum with the air pump in onler to remove
any remaining air, meclianically assisting the escape of remaining bubbles, if

necessary. The failure of the water to rise in the neck of the picnometer un«ler

the l)ell jar of the air pump u|X)n exhaustion, or to fall when normal pressure was
again restored, was taken as an indication that all air bad been removed. The
results obtained are as follows:

Material Nitrated.
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determinations are of no value in difTt^rontiating between the various

nitratcfi.

^ Optical Properties. Great discrepancies are found in the lit-

erature on the behavior of the cellulose nitrates with polarized light.

In Muspratt-Stohmann's Chemistry ^ it is stated that whereas with

guneotton, examination under the microscope in polarized light

shows no color, or almost none, cotton fiber shows variegated colors.

Liebschiitz 2 claims to be able to recognize dodecanitrocellulose by its

greater brilliancy, deca- by its blue color, and octo- by a yellow color.

According to Chardonnot,^ up to 6.9% N the nitrated cotton can be

recognized only by a few large, shrunk-up fibers; from 6.9-9.1% N
there are more such fibers and a few rainbow-colored ones; from

9.15% on, the fibers turn more uniformly gray; from 10-11.28%

the fibers appear first colorless, afterwards purple, dark blue, and light

blue, the last color becoming prevalent as the nitrogen increases.

When all the fibers are all ocjually light blue the polarization is com-

plete. Lunge 4 alone and with Wcintraub ^ is unable to corroborate

these observations, but finds that the most highly nitrated celluloses

appear blue in polarized light, while products with percentages vary-

ing from 13.9-13^
V N, cannot be distinguished from each other polar-

imetrically. They found that as the nitrogen percentage rises the

blue color becomes less intense, but never turns gray or colorless.

Their observations, however, were so conflicting as to lead them to

state that the only result they could determine with "certainty was
the appearance of unchanged cellulose, which was apparent by its

very strong flashing up in yellow, orange, and variegated (rainbow)

colors, while highly nitrated products (12.75% N and upward) are

distinguished by flashing ujf not so strongly in blue colors. Do

1. 1869; Lunge, J.A.Ci=5., 1901, 23, 535.
2. Mon. Sci., 1S91, (3), Xi, 119.

3. Wyss-Naef, Z. ang. Chem., 1899, 20, 31; C. Suvem, "Die Kiinstliche Seide,"
Berlin, 1900, 25. A Trowbridge (Physical Rev., 1908. 2«, 539; 1908, 27. 282) has
studied the optical jjroperties of the cellulose nitrates with the ol)ject of determining
whether it would prove a suitable substance with which to coat rock salt surfaces
in order to preserve polished surfaces soluble in water. He found the extinction
C(x»l!icient of colicKlion is practically negligible in the region Iwtween the visible
spectrum and ^ = ()/(. In tnis region a rock salt plate or prism is more tran.sparcnt
when coated with a thin film of collodion than it is without licing coated. In the
region from 0« to l()/{ tliere are two narrow absorption bands and one extended
band in the region of absorption for all of which the extinction coefficient attains
values great enough tocau.se well-marked surface color. He finrls (p. 282) that two
strong absorptitm bunds and one weak double one is shown. The positions of the
strong bands are A= .').89/t and A= 7.79/(. The former of these is so narrow that
it might well serve as a reference point in the infra-retl spectnim. He neglects
to state a very important point—the percentage of nitrogen in tfie nitrocelluhw
exiwrimented upon. Cf. .\schkinas8, Wied. .\nn.. 1895. p. 55; Julius, Bcibl.. 1893.
17. :J4.

4. L.c, 536. 5. Zeit. ang. Cbctn., 1899. SO. May 16.
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Mosonthal * has ohsorvoil that (hy liln rs do not protM'nt the Maine

appearance Jis when moiHtened, and that the colors not only differ

with the moistening liquid, but also by its concentration. The colors

arc also affected by the magnification and the character and source

of illumination.- liest results are to be obtained by examination

ot th< filxT moistenetl with 50' ^ aqueous alcohol, or, for permanent

mounts, Canada balsam rendered fluitl with benzene.^ The author's

ex|K>rience in the examination of a large number of nitrocottons

used in the lacquer and artificial-leather industries, is that the main

value of a polari.><copic examination is to determine small amounts

of unchanged cotton in highly nitrated products, and this can \)c

more readily done by solution in acetone or amyl acetate when the

unnitrated cellulose remains undi.ssolved. It may safely be said

that the accurate optical analysis of pyroxylin is entirely in the future,

notwithstanding the more recent work of Chardonnet.'* The refrac-

tive index is not dependent on the state of nitration/^ while all cel-

lulo.se nitrates are dextro-rotatory.^ The cellulo.se nitrates can be

dialyzed through vegetable and animal membranes, acetone being

used both as solvent and external liquid."

' Hygroscopicity of Cellulose Nitrates. This phenomenon is

intimately associated with the presence of hydroxyl groups in the

cellulose molecule, and in proportion as these groups are suppressed

by the introduction of negative acid radicals to form the correspond-

ing (>t( !-. decreasing attraction for atmospheric moisture results.

For example, whereas cotton normally retains from 6-10% atmos-

1. J.S.C.I., 1907, 26, 444.

2. Considering that variation in color on polarization is due to changes in the
anisotropic condition of the fiber induced by physical influences and not dependent
alone on chemical changes, it would seem that the appearance of nitratctl fil>er8

when polarized should be a function of the methotl and not of the degree of nitra-

tion, and that different kinds of nitrated fibers should not appear identical.

3. Hubner and Pope (J..S.C.I., 1904, 23, 404) experienced difficulty in making
observations, due to the transparency of the filjer and with Canada balsam mounts,
consecjuent upon the fact tliat the refractive index of cotton only differs from that

of hard Canada balsam by 0.0Q4. The author has for years made nearly daily

microscopical examinations of cotton fibers in hard balsam, and finds no difficulty

in obtaining clear definition, if the light is "tume<l low" by closing Iwth iris dia-

phragms. The colored frontispiece in Guttmann, "Twenty Years of Explosives,"

1909, is an excellent illustration of nitrated and unnitratetl cotton fil)er. The
structure of a nitrated cotton is rendered more distinct and stereoscopic by means
of first moistening the mount with alcohol, as has l>een mentioneid by Hartig
(Untersuchungen iiber den Bestand und Wirkungen der explosiven BaumwoUe,
Braunsweig. 1847) and Bokomy (Chem. Zeit., Dec., 189t)).

4. C.R., 1907, 145, 115.

5. De .Mosenthal, I.e., 446.
6. L. Vignon. Bull. Soc. (^him., 1901, 31, 296; see also Bull. Soc. Chim., 1904,

31. 10.-,; C.R., 1900, 131, o09. XJO.
7. Sec Higelow and (Jemberling on <lialysis through c(»llo(lion membranes,
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pheric moisture, this percentage gradually decreases irom the lower

acetates and nitrates to those of higher acetic and nitric content.*

O. Masson has shown ^ that when cotton is immersed in water its tem-

perature rises for some time and then slowly falls, while " absorbent "

cotton, although behaving Hke ordinary cotton in saturated air, does

not give the same rise in temperature in water.^ By the investiga-

tions of Beadle and Dahl "* it was first conclusively proven that in

a series of cellulose nitrates the proportion of normal hygroscopic

moisture decreased in inverse ratio as the proportion of ester groups

progressively increased. W. Will,^ who has made an exhaustive

study of the influence of the combined nitro groups on the hygroscopic

properties of cellulose, finds that raw cottons of different origin, cot-

ton waste, and hemp, all had a hygroscopic value of 7-8%, while jute

gave 10% and the starches 10.6-14.1%. Mechanical treatment, as

pulping, or ether extraction of the contained fats and waxes, increased

the hygroscopicity of the raw cottons to nearly 10%, which may be

regarded as the true value for cellulose. <• A decrease in the affinity

1. Cross and Bevan, "Cellulose," 5. C. Beadle (J. Frank, Inst. Aug., 1894)
found that cellulose nitrate retains the more moisture in the air-dried condition,
the smaller the number of OH groups esterified by the nitric acid. See also F.
Haber (Dingl. Poly., 1894, 294, 210).

2. Proc. Roy. Soc., 1904, 74, 230; cf . C. O. Weber, Zeit. ang. Chem., 1899, 13, 416.
3. In the latter case the effect is due to condensation of vapor which it absorbs,

for both absorption and heat production occur for many hours and the amount
of heat is approximately that calculated from the amount of heat absorbed.

4. (^hem. News, 1894, 71, 1; 1896, 73, 180.
.'). Mitt. Centralst. f. Wiss.-Tech. Unters., Berlin, 1904, No. 4, pp. 1-33.

(). In order to obtain comparative results it was necessary to select two limits

representing the two extremes of humidity at which constant equilibria were
established. In view of the instability of the cellulose nitrates at higher temper-
atures, Will defines his standard of hygroscopicity as the difference between the
weights of the materials when dried in an ordinary oven at 40° to a constant weight
on the one hand, and when exposed to an atmosphere fully saturated with moisture
at a temperature of 25° for twenty-four hours on the other hand. Variations from
this standard were found:

(a) By further drying over sulphuric acid, after drying at 40° imder ordinary
conditions, all the nitroccUuloses lost a further quantity of water; the sum of the
hygroscopic moisture and percentage of nitrogen was then no longer a constant,

but varied with the proportion of nitrogen to a greater extent.

(6) By varying the temperature at which the products were exposed to a moist
saturated atmosphere from 25° to 15° and 5° while adhering to the ordinary metho<l
of drying at 40°, the hygroscopic moisture was considerably increased, the increase

l)eing greater from 25° to 15° than from 15° to 5°. In these cases the sums of the
hygroscopic moisture and nitrogen are constants within the practical limit*, the
ecjuations I)eing H = 20-1.3N for 15°, and H = 21.6-1.4N for 5°.

(r) When the moist equilibrium was establishe*! in air of various degrees of

humidity short of saturation, an exposure of twenty-four hours was necessary
before complete interchange was effected. It was found that the ratio lietween
the relative humidity of the air and the hygroscopicity was only constant up to

about 80% of saturation. Between 80% and complete saturation, the affinity of

the nitrocellulose for moisture increased in a far greater measure than the humid-
ity of the air. No constant relation lK«tween tlie percentage of nitrogen and the

hygroscopicity of the nitrocellulose could be tracetl m air below the saturation point.
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of cellulose for water results from treatment with dilute acids and

alkalis, a.s also the previous heating of the cotton alM)ve 100°. From
the determination of the hygroscopicity of Go samples of nitrocotton

in which the percentages of nitrogen varied from S.20-13.21—prac-

tically the whole range of nitrates of industrial value—it was found

tliat the sura of the hygroscopic moisture and the nitrogen con-

It-nt wjia a Mrnstant in all cases with a value of about 14.6. This

constant remained unaltered when the nitrate* was subjected to various

chemical, physical and mechanical treatment.'

The hygroscopic moisture was found to have no relation to the

solubility of the cellulose nitrate in ether-alcohol, depending entirely

on the percentage of nitrogen. Unstable nitrates show abnormally

high values, which, however, are reduced to the normal when the

products are rendered stable by long boiling with water.^

\ariati()iis in Solubility and Viscosity. There is apparently

no nl:iii(»n Ixuvt'en the nitrogen content and vi.scosity of the nitro-

cotton when dissolved in its usual solvents, and hence attempts to

duplicate the viscosity of a certain product is impossible from con-

siderations of acid mixtures and length of immersion. In general

the fluidity is always greater with increased temperature of nitra-

tion,3 other factors remaining the same. And inasmuch as with

1. Including pulping, solution, and gelatinization; treatment with dilute acids

or alkalis; partial elimination of the nitrogen; and complete denitration followe<l

by renitration.

2. By further desiccating over sulphuric acid, after diying at 40° under
ordinar>' conditions, aH the cellulose nitrates lose a further quantity of water, the

sum of the hygroscopic moisture and nitrogen percentage being then no more a
constant, varying with the proportion of nitrogen to a greater extent. By varj'-

ing the temperature at which the products were exposed to a moist saturat^l

atmosphere from 25-15°, while adhering to the former method of drying at 40°, the

hygroscopic moisture was found to be considerably increased.

The "normal hygroscopic moisture," as determined at Neu Babebberg (Cross

and Bevan, "Researches on Cellulose," 2, 74), consists in desiccating in an ordinary

oven kept at the constant temperature of 40°±1°. It is then exposed to an atmos-
phere saturated with moisture at 25°, the temperature l)eing maintained ;i0.5°.
At its saturation point the cellulose is weighed in specially constructed balances

in which the same conditions of temperature and moisture are maintaine<l. This
arbitrary method is selected l)ecause the cellulose nitrates may be safely dried at

this temperature without fear of decomposition.
3. The question of viscosity is commercially of great import. Bronzing liquids

and heavier pyroxylin lacquers, which are applied by dippmg the material to l)e

coated into tnem, must be made to a given " flow " or fluiility in order that a
uniform coating may be applied. Where articles of hardware are given a pro-

tective coating of these lacquers, if the fluid l>e unduly viscous, less of the excess

lacquer will run off the surface Ijefore congealing; the coating will then be heavier

tlian desired and more fluid required to coat a given numl)er of articles. A satis-

factory result is not attainetl by merely diluting the lacfjuer to the required vis-

cosity with solvent, for then the amount of pyroxylin per given volume is decreaso»l

and the resultant film may be too thin for proper protection. It is for this reason

that pyroxylin lacquer manufacturers blend various " latches " of nitrated cotton

in onlcr to oiitain a desired viscosity with a given numl)er of grams cellulose nitrate

per liter. Just as it is correct to designate a cellulose nitrate as of a given nitrogen
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rise of temperature the yield decreases, it follows that a low viscosity

is obtained only at the expense of the yield, i.e., the greater the fluidity,

the less obtained. The various degrees of solubility are produced

according to the strength of the acids used and length of immersion

of the cellulose, while the viscosity results from a manipulation of the

temperature of the nitrating bath. It is quite possible to produce

from the same acid mixture and same source of cellulose two samples

of nitrocotton, where the one formed at a lower temperature (30-35°)

will be but half as fluid as the other sample nitrated at a higher (55-65**)

degree, amyl acetate, say, being used as the solvent in both instances.

In general if the proportion of sulphuric to nitric acid is increased

over 3:1, the solubility in ether-alcohol, acetone, and amyl acetate

increases, while the percentage of nitrogen slow'y falls, although it

is impossible to foretell the degree of solubility from the nitrogen

percentage alone. It is possible to occasionally produce cellulose

nitrates soluble in 95% ethyl alcohol where pure nitric acid or nitric

acid containing less than 10% sulphuric acid is used, their nitro-

gen content approximating that of octonitrocellulose (11.13% N).'

The commercial preparation of nitrocottons for films and lacquers

is a careful adjustment of nitration conditions to embody the min-

imum of temperature to produce the highest yield of lowest viscosity,

rather than an endeavor to obtain the greatest weight of nitrate

which will merely dissolve in the solvent. In any solution where

the liquids consi^jt of both a solvent and non-solvent (amyl acetate

and benzine) the viscosity increases as the point of precipitation

is neared, due to preponderance of the pyroxylin non-solvent (ben-

zine). It would appear from the literature on the subject that a

mixture of 3 parts ether to 1 part alcohol is the more commonly
employed solvent for technical use. This, however, is not true, amyl

acetate and commercial wood alcohol (containing acetone) having

practically replaced the ether-alcohol formerly used. Even in the

manufacture of cinematographic and other continuous photographic

films where a low evaporative solvent is required, the acetates obtained

from the lower fusel oil fractions (butyl and propyl acetates) com-

bined with wood alcohol, are being used more and more, due to their

percentage and soluliility (specifying the solvent), so also is it necessary in lacquer
manufacture to produce solutions where a given weight per volume of nitrated
cotton results in a solution of given viscosity. In the production of artificial

textiles and photographic films, where also solutions of known viscosity are required,
the evaporated solvents are hut partially and imperfectly recovertni. From motives
of economy, therefore, a very fluid pyroxylin is used, that the maximum of solids

may have the minimum viscosity and a given weight of pyroxylin may be depositetl
in the dry form, with the los.s of the least amovmt of solvent.

1. See Major I). (Jo*.'l>el, Z. ges. Sheis.s- u. Sprengstoffw., 2, 43; N. \. Stepanow,
Tech. Sbomik, 17, 73.



CELLULOKK NITKATKS 49

high solvent power and low moi«ture absorption during evapora^

tion, thus reducing the tendency toward clouding and fogging of the

films. 1

The statement is found in the literature that all forms of cellulose

nitrate arc soluble in acetone and acetic ether, and a rough method

of estimating unchanged cellulose' has Ix'cn suggested by dissolv-

ing the cellulose nitrat^ in- one of these solvents, the insoluble por-

tion being cellulose. In many examinations of ethyl acetate-insoluble

residues from cotton nitration, the author has yet to find one free from

nitrogen, even after the acetate has been left in contact with the

nitrated cotton for periods of as long as two weeks, with daily change

of solvent. The percentage of nitrogen as calculated on the sample

dried at 100° has varied from 0.2-4.7, thus indicating the presence

of nitrogen-containing bodies in nitrocotton, insoluble in ethyl acetate.

The anomalous results in solubility reported by different investigators

render accurate generalizations impossible at the present time. A
nitrocotton of 12. 5'^^ nitrogen may be practically insoluble in ether-

alcohol or may entirely dissolve to a clear and fluid solution. The
curious observation has been made and substantiated that a nitro-

cotton solution in ether-alcohol, amyl acetate, or acetone, decreases

in viscosity upon standing if the solution be slightly acid. This

fact is made use of in the artificial silk industry, where, in Germany,

I^hner has obtained patent protection for the expression "acid-moist-

ened collodion." If the nitration produces a pyroxylin of higher

viscosity than desirable, the solution in ether-alcohol or amyl acetate

is made faintly acid—usually by the addition of 0.2% acetic acid

—

and exposed to the light. The viscosity gradually diminishes, and

when it reaches the desired point the solution is either used in the

acid state or carefully neutralized by alcoholic sodium hydroxide,

the sodium acetate formed being readily soluble and hence the clear-

ness of the solution unimpaired. Although the viscosity of cellulose

nitrate solutions bears no direct relation to the nitrogen content, still

it reaches its maximum with the highest percentage of nitrogen. The
presence of traces of acid in amyl acetate-pyroxylin solutions does

not decrease the viscosity as quickly or to as great an extent as the

same pyroxylin and same percentage of acid dissolved in ether-alcohol.

The viscosity of solutions sinks with increase of water content in the

nitrating mixture, and the yield is correspondingly lowered. Nitra-

tion of the same cotton at 20° for eight hours, at 40° for two hours, or

1. In fact Honig and Schubert, Mon. Sci., 1864, 6, 708; 1865, 7, 455, aiid Blon-
dcau de Carolles, J. pr. Chem., 1865, (2). 32, 427, have descril)ed water-soluble,

sulphuric acid cellulose esters, which upon treatment with alcohol regenerate Ixxlies

of the nature of cellulose, partly soluble and partly insoluble in water.
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at 00° for fifteen to twenty minutes, can he made to produce a nitro-

cotton of substantially the same soluhility, but not necessarily of

same viscosity.

The above generalizations include most of the observations of direct

value of these two constants as affected })y nitration.

^ Stability of the Cellulose Nitrates. Among the characteristics

which distinguish the cellulose nitrates the property of stability has

been most exhaustively investigated. Due to the numerous and fatal

explosions which have occurred from time to time in factories where

these esters are manufactured, the volume of research on this

subject has been considerable.^ Although numerous quaUtative and

quantitative observations have been made as to the causes underly-

ing the decomposition of these esters, a great many points arc still

open to experimentation. From the mass of experimental data

accumulated, it appears that the factors which cause instability in

cellulose nitrates may be comprised within the following classification

:

(1) The formation of sulphuric esters in the nitrating process,

not entirely eliminated in the subsequent washings. Cross, Bevan,

and Jenks2 have obtained sufficient results to establish the fact that

sulphuric acid does take part in the ester reaction, in addition to its

well-known function of dehydration. Hake and Lewis,^ in investiga-

tions on the formation of these sulphuric esters in the nitrating proc-

ess, have found that sulphuric acid is combined in all products of

nitration where used in the nitrating mixture, their formation being

due to delayed nitration, with partial solution or gelatinization of

the cellulose by sulphuric acid and subsequent nitration. Also that

the proportion of sulphuric acid is determined by the ratio of sul-

phuric to nitric acids in the nitrating bath.^ They found that in

nitration with nitric acid alone, and subsequent precipitation with

1. For bibliography sec Silberratl and Fanner, J.C.S., 1906, 90, 1172; also

Maurev, B^liamp, Kuhlmann, Pelouze, and de Liica, ('.R., 1S4.S, 28, '.W.i; 1853,

37, 134; 1S56, 42, 676; 1864, 59, 36.3, 487; Heu.s.sormann, Ber., 1903, 36, 3956;

1904 37 1624
2. Ber., 1901, 34, 2496; of. O.W. Willcox, J.A.C.S., 1908, 30^ 271; for "Igni-

tion Points of Nitrocellulose and Smokeless Powders," see CI. Finzi, (lazz. Chim.
ital., 1909, 39, (1), r>49; abst. J.S.C.I., 1909, 28, 676.

3. J.S.(;.I., 190r), 24, 374, 914; cf. Hake and Bell, J.S.C.I., 1909, 28, 457; Cross

and Bevan, "Cellulose," 191X)-1905, 53; Briggs, Ber., 1905. 38, 35S; see "Action

of Sulphuric and Nitric Acids in tiie Nitration of Cellulose," J.S.C.L, 1;K)9, 28, 823.

4. There is no tloubt that sulphuric acid plays an important part in the

stability of cellulose nitrate, where a mixture of nitric and sulphuric acids is used

for nitrating. T^ere is much evidence to show tliat with nitric acid alone a purer

and more stable pro<luct is forme<l. In many receipts for the manufacture of

collotlion for photographic use it is recommendwl that no sulphuric acid lie use*!.

Whore the sulphuric acid attacks and dissolves the cellulose, the initial product

may be regarded as celhdose sulphuric acid, l)ut a rapid molecular rearrangement

takes place and a series of sulphates result.
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sulphuric acid, no sulphuric acid was combined with the nitrocotton.

A ratio l)etwecn sulphur content and stability, other factors iK'ing

e^ual, is claimetl. The amount of combined sulphates may be decreased

by subjecting the nitrated cotton to the vapors of varioua solvents,

especially glacially acetic acid.

(2) The presence of hytlro- and oxy-cellulose in the cellulose l^efore

nitration. It is generally conceded that undue bleaching of cotton

or oth«T treatment which partially alters the cellulose fiber results

in the formation of a nitrate of diminished stability. These bodies

have ill-<lefined characteristics, but it ha.s been repeatedly verified

that a pure cellulo.se, when nitrated, forms a more stable ester than

a cellulose which has been altered in chemical structure by bleaching

or other chemically harsh treatment. The best method as yet

found for removing the.se altered cellulose nitrates is continued wash-

ing, without neutralization by alkali.'

(3) Traces of free nitrating acids, only found in products of faulty

methods of washing, undoubtedly result in instability, as indicated

by the low heat tests. This defect can be remov(Ml by continued

washing without alkali.

(4) Vegetable wax and re.sinous bodies associated with cotton

in the raw state, and incompletely removed during the processes

preparatory to nitration. Where scouring of the cotton has been

imperfect, or waste cotton is employed which has been incompletely

purified from oil, grease and extraneous matter, it is found that the

stability of the resulting nitrate is low. There has been no well-

defined process worked out to remove these bodies after nitration,

in order to bring the cellulose nitrate to the required stable state.

(5) The presence of molds or other micro-organisms. The fact

noted 2 that cellulose nitrates sometimes contract mold, and the

judgment of Sy ^ that denitrifying bacteria might start a decom-

1. The work of Leo Vignon (C.R., June 6, 1898; Sept. 10, 17, 1900) on the for-

mation of oxy- and hydro-cellulose shows plainly that cotton and cotton waste
may, by the nature of the treatment to which they are subjected, be partly trans-

formed into oxycellulose, which gives an unstable nitrate, and into hydrocelluiose,
which has a different rate of nitration than ordinary cellulose. Cross and Luck
(J.S.C.L, liKX), 19, 642; E.P. 5286, 1898) remove such foreign substances by means
of acetone so dilute*! with water that it does not dissolve the higher nitrates. Will
and Ix'nzl (Ber., 1S9S, 31, 6S) have examined many nitrated carbohydrates for
stability, in general finding them unstable.

2. O. Guttman, "Manufacture of Explosives," 1905, 2, 49; cf. J.S.C.I., 1897,
16. 283; 1898, 17, 1180; 18i»9. 18. 174, 857; 1901, 20. S, 609; 1902, 21, 819, 1470;
1903, 22, 511, 924, 12a8; 1901, 23, 95:i, ¥Mi; 1905, 24, 148, 347.

3. Jour. U.S. Artill., Sept.-Oct., 19a3; T. Bokomy (Chem. Zeit., 1896, 20,
985) found that cellulose trinitrate will serve as a food supply for molds, if sus-

pended in distilleil water containing the refjuisite amount of mineral matter, and
place*! in the dark. However, no growth wa.s observed if mineral matter be aliaent.
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position; led Malcnkovic ^ to study the problem experimentally, from

which he concluded that neith(^r cellulose nitrates or glycerol nitrates

are directly decomposed by mold, but that the cellulose nitrates

when placed in contact with organic matter are superficially decom-

posed. It appears, therefore, that danger of instability from mold

is, at least, a remote one. It is to be noted that to prevent mold-

ing, small amounts of mercuric chloride are added to the cotton.

Mercury possesses the property of combining with cellulose in a man-
ner which causes the mercurj' to remain, even after repeated wash-

ings. Such nitrocotton-containing mercury gives a factitious higher

stability test.

(6) Other compounds associated with the nitrocotton, nitro-

saccharoses, pectins, and other vaguely characterized bodies. They

cause instability, and are difficultly removable by washing, by diges-

tion with cold alkaline solutions, or by extracting with ether, alcohol,

or benzene. All are, however, partially, at least, soluble in acetone,

pyridine, and ethyl acetate. They are neutral to test paper, but become

acid upon boiling or otherwise heating.^ They often combine with

metallic oxides, as lead and zinc, and these combinations arc much
more stable.^ It was formerly considered that the lower nitrated

bodies were sources of instability, but the now generally accepted

fact is that the lower nitrated celluloses are of increased stability.

The presence of unusually large amounts of nitrogen tetroxide does

not decrease the stability of the nitrated cotton. Bergmann and

Junk ^ found that when an unstable ester was extracted with alcohol

1. Rev. d'Art, 1908, 71, 261; Mitteil u. Gegenstande J. Artill. u. Geniew., 1907,

509; abst. J.S.C.I., 1907, 2<», 1295. M. Jacque, Z. ges. Schiess- Sprengstoffw., 1910,

5, 81, reports instances of blocks of compressed guncotton (containing 15% of

water) showing very marked growths of micro-organisms, but in no case was the
nitrogen content or stability of the nitrocellulose affected. Attempts to cultivate

the spores of Aspergillus niger and Mycetozon in nitroglycerol and ethyl and amyl
nitrates were not successful. It is pointed out that the algae and aquatic plants
produce organic salts, especially oxalates, during decomposition, and that traces

of these organic salts would adversely affect the heat test of guncotton and nitro-

glycerin. In support of this view the author mentions that in 1907 one of the
large dynamite factories in Mexico experienced great difficulty in obtaining heat
tests up to their standard of fifteen minutes at 76°. Investigation showed that the

cause of the trouble lay in the fact that the water reservoirs and cliannels had
considerable quantities of vegetable growths in them, and when this was cleared

away the heat tests of the guncotton and nitroglycerin returned to their normal
figures.

2. Ulraic bodies, which are closely related to the higher memlxirs of the acetic

series, may also influence the stability of a not thoroughly purifiod cellulose nitrate.

Girard states (.\nn. ('him. Phys., 1881, 24, 337) that when hydrocelliilose is heated
above 80° it is converted into ulmic bo<lies possessing an acid rejvction. A. L.

Stem (J.C.S., 1904, 85, 336) doubts the accuracy of this statement, but says that

when care is taken to remove all traces of acids no such btKlies are forme<l, but
easily form with traces of acid. See also Hake and I^ewis. J.S.C'.I., 1905, 24, 378.

3. This method has l)een patenteil. U.S.P. 647420, 1900; E.P. 18868, 1898.

4. Z. ang. Chem, 1304, 17, 982, 1018. 1074.
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for some time, a stable compound was always produced. J. C. Thomas '

hius found that for the purpos<» of neutralizing any acid formed after

drj'ing, some manufacturers use a small amount of chalk, which proba-

bly exerts a sufficiently pronounced saponifying effect to account for

the decreased stability. Will has shown ^ that in cellulose nitrates the

rate at which nitrogen splits off increases with the percentage of water

in the nitrating acidfr, and also as the ratio of sulphuric to nitric acid

increases. That the longer cellulose nitrate is boiled with calcium

carbonate, thic greater the tendency to decomposition; the percentage

of nitrogen is without influence on the stability; boiled nitrocellu-

lose, subsequently washed, gives the iodide reaction immediately,

when washed only half an hour; a lower nitrated cellulose is more

stable than u higher one; and addition of alkali is worthless, if not

detrimental.

Silberrad and Farmer ^ have made exhaustive investigations on

the gradual deterioration of cellulose nitrates on storage. They
found that nitric pero.vide is liberated, a gradual but continuous

loss in weight occurs; the percentage of nitrogen decreases; the

ether-alcohol soluble matter increases, while the acetone residue shows

a slight tendency to increase. It has been shown * that the majority

of the decomposition products of the cellulose nitrates are soluble

Ml water, and thut the water-soluble matter increases on storage.

Their results showed conclusively that at any given temperature the

rate of deterioration is much greater in a moist atmosphere than

in the absence of water, the reason probably being that the hydrolytic

decomposition of the nitric esters requires the presence of water.

Stability of nitrocotton as regards atmospheric and climatic influences

has still to be conclusively tested. It seems to be very difficult,

if not impossible, to obtain satisfactorj^ and stable cellulose nitrates

by direct nitration of wood pulp. .

It has been found * that the rate of decomposition of cellulose

nitrates cannot be experimentally established for temperatures below

1. Zeit. anjr. Chem., 1898, 11. 1003; 1907, 20, 1143; abst. J.S.C.I., 1898, 17,

USO; 1903, 22, 924; 1904, 23, 953.

2. Guminiztg., Celluloid Supp., 1896, 5, 21.

3. J..S.C.I., 1906, 2.>, 961, cf. Al)el, Phil. Trans., 1867, l.»7, 181; Spica, Atti. del

Reale, 1st Veneto, 1899, 58, 289; also "Causes of Decomposition of Nitrocellulose,"

M. Jacque, Z. ges. Schicss- u. Sprengstoffw., liKXi, 1, 395.

4. Sin>errad and P'armer, J.C.S., 1896, 69, 1184. They found present in the
atjueous extract ethyl nitrite and nitrate, nitrous and nitric acids, ethyl alcohol,

ammonia, formic, acetic, butyric, dihydroxybutyric, oxalic, tartaric, tVsosaccharinic,

and hydroxypyruvic acids. Also canx)hydrates bv the fermentation test.

5. A. V. Saposhnikov, J. Russ. Phys. Chem.'Soc., 1905, 37, 280; 1906, 38,

1186; 1907, 39, 1186; Mem. des Poudrcs et Saltpetres, 1907-1908, 14, 42. and
M. Borissow, J. Russ. Phys. Chem. Soc., 190J, 36, 836; Chem. Ccntr. 1904, 2,

1030.
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125° nor above 155°; at the former the reaction is too slow, at the

higher it comes too near the explosion point. ^ ^

Starch Nitrate. Since 1(S33, when Braconnet produced *' xyloi-

dine " by the action of nitric acid upon starch, numerous attempts

have been made to prepare this body in a pure and stable state, but

until recently it has been impossible to produce this nitrate on a manu-

facturing scale, due apparently to the extensive washing required

to eliminate traces of acid, and the deficient stability of the finished

product.^ The process of \V. Schuckler,^ which is essentially the

method at present employed, consists in first drying the starch at

100° in order to eliminate all traces of moisture, and after grinding

to an impalpable powder, immersing in nitric acid of 1.5 sp.gr. at 20-

25°. After thorough and repeated agitation in the nitrating fluid,

the starch is transferred to another receptacle and covered with sul-

phuric acid of 1.84 sp.gr. The starch nitrate so produced is washed

free from acid, pressed in cakes, and dried at a low temperature. Many
inventors made unessential modifications of this process, but it was

not until 1904 that A. Hough ^ succeeded in sufficiently stabihzing

the refined nitrate to admit of its technical use without danger.^

He produces a nitrostarch containing 16.38^0 ^> using oleum to main-

1. For temperatures between 125-140° and 145-155° the" relation of reaction

velocity to temperature can be expressed by the following equations respectively:

(dv) (dv)
7^--^=-24.6+0.201<, and -f—^—= -136.5+ 0.985<. The relation of velocity
(ofjmax (aOinax
to temperature therefore within each of these intervals is represented by a straight
line.

2. According to F. I. Du Pont and F. Sparre (U.S.P. 83G704, 10()6; abst. J.S.C.I.,

1907, 28, 553) a cellulose nitrate may be stabilized by removing by means of

solvents a portion of the unstable bodies. Their process consists in agitating
with nitrocellulose, suspended in a liquid in which it is insoluble, an emulsion of

a solvent of nitrocellulose diluted by a substance which is insoluble in the hquid in

which the nitrocellulose is suspended, and which is not a solvent of nitrocellulose,

but is soluble in the nitrocellulose solvent. As an example: 1 part of nitrocellulose

suspended in 8 parts of water is agitated with 1 part of amyl acetate dilutetl by
0.25 part of a liquid such as amyl alcohol or benzine. See U.S.P. 5035S3, 1893;
E.P. 15865, 1893, for similar stabilizing process.

3. By means of the process introduced by the " Actiengesellschaft Dynamit
Nobel."

4. E.P. 11665, 1889; 14625, 1890.
5. U.S.P. 751076, 1904; E.P. 21171, 1902; 12627, 1904; D.R.P. 172549, 1«.KK>;

abst. J.S.C.I., 1902, 21, 1471; 1904, 23, 385; 1905, 24, 691.
6. His method was to inject dry, finely powdered maize starch below the sur-

face of a mixture containing 3 parts nitric acid, 2 parts sulphuric acid (98%) and
sufficient Nordhausen fuming sulphuric acid (containing 40% SOj) to "bring tl»e

nitric and sulphuric acids to 100% concentration," and leave an excess of 2 3%
free SOj. A further quantity of Nordhausen acid is added during the procens
to maintain the strength of the nitrating liquid. The temperature of nitration
varied between the limits 45-50° F. The starch after nitration is separated by
filtration, freed from lower nitro-<lerivatives by treatment with hot dilut*» ammonia,
and dried. The finished product is described ixa au orange-yellow powder, readily
soluble in ether-alcohol. Nitrogen, 16.5%.
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tain a^>out 2' ,' fn^e S(>3 in the acid mixture during nitration. Rpcfntly

K. lic'H and R. BiitU'r,* in rt'ix'ating Hough's work, woru unahlt;

to confirm his results of high nitrog<?n content. The next year F.

Ilohnes assignetl to the Kiustern Dynamite Company, of Wihningtoii,

Del., a process by means of which the nitrate was stabilized by Ixiiling

with calcium carlx>nate,=* and continuing the purification by dissolv-

ing the uitratLHl starch on a mixture of alcohol and acetone.^ He
found the nitrate to be left in a stable state upon distilling off the

1. Z. ges. Schiess- u. Sprenpstoffw., 1910, o, 82. They injectwl 10 Km. of .starch

by means of compresswl air into :H) gm. of a cooletl acid mixture consi-sting of e«|ual

proportion.^ of nitric acid and sulphuric acid, and with sulphur trioxide in excc's.s.

The .starch nitrate was stuhiHzed by Iwinnji with a solution of ammonia, and was
afterwards washed with water. The following table gives the results obtained
with starches of difTerent origins.

Suurh. Nitrogen.
Percent.

Ignition Point.
•C.

Relative ViscoMty
(2 Per Cent.

Acetone Solution).

Maize. . .

Potato.

.

Rice
Soluble.

.

13.23
13.44
12.86
13.35

121
120
135
120

1.86
3.78
1.60
1.35

Potato
Celluloee nitrate

.

13.44
13.40

2.66
1.05

The viscosity figures refer to acetone as unity. All the starch nitrates were
insoluble in alcohol. In a mixture of ether and alcohol the nitrates prepared
from rice and soluble starch were freely soluble, while the others were only partially

.soluble. The normal moisture content of the nitrate prepared from potato starch
was 6.57%. A comparison was al.so made between the nitration of cellulose and
potato starch with an acid consisting of sulphuric acid (40.84%), nitric acid (55.33%),
iind sulphur trioxide (3.S3%). The proportion of acid to carbohydrate was 50 to 1.

2. U.S.P. 779421, 7794*22. 1905.
3. Holmes in describing his process says: "The starch is mixed with concen-

trat^nl nitric and sulphuric acids, preferably in the proportion of 25 parts starch
to 100 parts of mixed nitric and sulphuric acids in the following proportion: nitric

acid 32.5%, sulphuric acid 64.5%, water 3%, although these limits may lie varied
somewhat and still produce a satisfactory product. After separation from the
acids, the nitrated starch, which is then in an unstable condition due to impurities,

is mixed with alcohol and a reagent which has a lower evaporating point than the
alcohol, and which reagent alone or in the pre^nce of alcohol, will dissolve the
nitrated starch.

".\s the reagent above mentione<l, I have ased acetone or ether, lx)th of which
liave a lower evaporating point than alcohol. The acetone alone will dissolve

the nitrated starch. The ether alone will not dissolve all the nitrateil starch, but
in conjunction with the alcohol will dissolve sulwtantially all. Both acetone antl

ether have a lower evap<jrating point than alcohol. Acetone is preferable liecau.sc

a higher nitrated product is obtainetl than where ether or ether and alc()hol is u.srtl.

With acetone, the lower nitrates remain in the solution, while when ether is use<l,

some of the lower nitrates are subse<|uently precipitated. .\pproxinmtcIy 1 part
nitrated starch to 1 pjart acetone or ether and 2 parts alcohol is prefcrnnl. .\fter

the nitrated starch has been di.ssolved, the acetone or ether is evaporate*! off. leaving

the former in su.spen.«ion in the alcohol. Irrespective of which solvent is u.scd,

those impurities which tend to prtKluce instability in the starch will remain in

solution in the alcohol while the stable nitrated starch, being insoluble, b precipi-

tated out, and dried, after filtration."
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acetone.* The next year 2 a process was published for rendering the

purification less tedious, by separating the product in a flaky mass,

which could be readily washed.

The original product prepared by Braconnet was claimed to possess

the formula C6H803(N03)2, but O. Mulhauser,^ as the result of an

extended series of researches, was able to prepare and separate two

bodies of the following definite composition, viz

:

(a) C6H7j02i(N03)2i

(h) C6H704(N03)3

or doubling the molecule of starch in order to give the expression

whole numbers; and adding a product of 11.1% total nitrogen obtained:

Tetranitrostarch Ci2Hi606(OX02)4 .. . . nitrogen 11.11%
Pentanitrostarch Ci2Hi505(ON02)5 .... " 12.75%
Hexanitrostarch Ci2Hi404(ON02)6 • " 14. 14%

That not nitro compounds, but true esters of starch are formed

was proven by the fact that the substances separate nitric acid upon

treatment with sulphuric acid, while nitric oxide and soluble starch

are both regenerated upon treatment with aqueous ferrous chloride.

Furthermore, upon shaking a sample with sulphuric acid over mer-

cury, all the N is split off as NO. Mulhauser has described these bodies

in detail, and given distinct processes for the preparation of tetra-*,

1. In U.S.P. 779421, Holmes says after the starch has been nitrated—as
described in the subsequent note, " I stabilize the nitrated starch in the following

manner: After boiling in water with the addition of some stabilizing or acid neu-
tralizing reagent which is practically insoluble in water, such as an alkaline car-

bonate, preferably that of calcium, I find that all traces of acid are completely
removed. The carbonates of the alkaline earths produce a result impossible with
the soluble carbonates as sodium carbonate, l>ecause the latter decomposes quite

rapidly the nitrostarch when the solution is hot, while calcium carbonate, l)cing

a less energetic alkali, is still as efficient an antacid. The stabilizing result is

marked after boiling about twenty-five hours, antl after seventy-five hours' boiling

there results a compound which is exceedingly stable, as stable, in fact, as gun-
cotton purified in the usual manner. After boiling has been complct<Hl the pro<iuct

is dried at a low temperature. In a series of subsetjuent patents (U.S.P. 875913,
875928, 1908) Holmes recommends the intHnluction as stabilizing agents in the
proportion of 2-5% on the weight of the dried nitrated starch, the following 8ul>-

stances: ammonium orthophosphate, ammonium arsenat<», normal ammonium
chromate, ammonium palmitate, normal ammonium tartrate, normal ammonium
pyrotartratc, triammonium citrate, oxamide, thiourea, nitraniline, aniline oxalate,

acetunilide, nitrotoluidine, toluidine oxalate, acetoluide, and benzamide. U.S.P.
895639, 1908, adds ammonium carbonate.

2. G. E. Arnold, A. C. Scott, and H. K. V. Roberts, E.P. 3449, 3450, 1906.

3. Ding, Poly. J., 1889, 273, 137; 1892, 284, 137. See bibliography to 1892 in

Arms and Explosives, Dec, 1892.

4. Tetranitrostarch may Ik; prepared in large ((uantities as follows: Potato
starch is dried at 100° until con.stant in weight. It is then ground to a fine powder,
and dissolved in nitric acid of sp.gr. 1. .')(). The mixture is contunially agitated

and cooled so the temperature remains below 25°. The charge of starch is intro-
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pcnta-,* and hexa-nitrostarch - anil rcconimentls the moistening of 6

parts nitrojutc with 2 parts starch nitrate with ethyl acetate, working

the mass to a homogeneous paste and finally drying at 50°. The
product so prepan'd contains 11.54* < N, and is stated to Ixi highly

stable. The action of dilute nitric acid on starch has recently ^ been

exhaustively investlKutod"* ^.

Nitropentaerythritc. The method of Thiem6* for the prepara-

tion of this compound is to produce the pentaerj'thrite from the con-

densation of acetaltlehyde and formaldehyde in the presence of lime.

After fusing to 190-250°, the melt is reduced to a verj' fine powtler

dissolved in nitric acid and precipitated by sulphuric acid, the nitro-

pentaerythritc being formed. It was intended principally as an explo-

sive, either drj' or gelatinized.

(luced through an opening in the cover of the digestuig vessel, there toeing ten times
as much acid by weight as starch taken. When the starch Ls apparently all in

solution in the nitric acid, a large vessel is filled with s|)ent nitrosulphuric acid
from nitroglycerin manufacture, the temperature of which is under control by
refrigeration apparatus, and in this spent acid the nitrostarch in solution in nitric

acid is slowly sprayed in by means of large atomizers, u&ing an injector worked
by compressed air. This precipitates the nitrostarch in the form of a finely

grained powder. Five parts by weight of spent acil is required to completely
precipitate 1(X) parts by weight of the nitric acid starch solution. After precipi-

tation the nitrated starch is collected on a nitrated filter cloth, repeateilly washed
until neutral to litmus, ground uito an "emulsion" and treated with aniline, tolui-

dinc or xylidine, preferably the former, so that when pressed into cakes it con-
tains about 33% water and not over 1% aniline. \\ ith tne above-outlined process,

Mulhauser prepared nitro derivatives containing 10.96-11.09% N, snow white in

color, becoming electrified when rubbed, very stable, and readily soluble in cold
nitroglycerin.

1. Pentanitrostarch is produced along with some tetra- when 20 gm. rice

starch, previously dried at 100° until water-free, is treated with 100 gm. nitric

acid, sp.gr. 1.501, 300 grn. sulphuric acid, sp.gr. 1.82, and after standing for one
hour tne entire ma.ss is discharged into a large quantity of water, and well washed.
The washing is completed by means of a dilute solution of sodium hydroxide. The
yield is about 147-149%. To separate the tetra- from the penta-nitrostarch,
the nuiss is heated with ether-alcohol, the ether distilled off, causing the penta- to

precipitate out, leaving the tetra- dissolved in the alcohol. As obtainetl by this

method the tetra- contained 10.4.5% and the penta- 12.76-12.98% N.
2. Hexanitrostarch is the product chiefly formed when 40 gm. anhydrous

starch is treated with 400 gm. nitric acid, sp.gr. 1.501, and allowed to remain at

room temperature for twenty-four hours. The entire mixture is then nm into

1,200 cc. sulphuric acid 66° Bd.,. and the white, flocculent precipitate formed,
well washed and dried at the atmospheric temperature. The product consists of

about 75% hexa- and about 25% penta-nitrostarch.
3. By A. Doroschewski and A. Rakowski, Jour. Russ. Chem. Phys. Sec., 1907,

39, 427; Chem. Centr., 1907, 2, 1325.
4. M. Berthelot gives the heat of formation of nitrostarch as 812 cal. for 1 gm.

and the heat of total combustion as 706.5 cal. for 207 gm. Berthelot and Veielle

have detennined the average velocities for nitrostarch powder.
5. A patent (E.P. 6460, 1888) has been granted to \. E. Nobel for the use of

nitrostarch. He incorporates nitrostarch, nitrodextrin and nitrocellulose together
with acetone and produces a homogeneous mixture, the acetone being afterwards
removed by distillation.

6. U.S.P. 54KS1M). 1H95; E.P. •20281. 1S94; ab.st. .I.S.C.I., 1895, 14, 66. lor
nitromaanite see L. Vignon and G^rin, C.R., 1901, 133, 515; Bull. JSoc. Chim.,
l'.)02, 27, 24.
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Nitrates of the Carbohydrates. W, Will and P. Lenze * have

investigated the nitric esters of the bioses, trioses, pentoses, and

hexoses, all wcU-charactcrizcd carbohydrates, the methods of nitration

being designed to introduce the maximum amount of nitrogen. Starch,

wood gum and other celluloses were also experimented with. As
regards temperatures of decomposition, they were found to be much
more stable than the cellulose nitrates. In endeavoring to determine

the probable instability of the cellulose nitrates, the following summary
as condensed by Cross and Bevan^ represents the more important

results.3

"Monoses. The aldoses are fully esterified, in the pentoses 40H,
in the hexoses 50H groups reacting. The pentose nitrates are com-

paratively stable at 50°; the hexose nitrates on the other hand are

extremely unstable, showing a loss of weight of 30-40% when kept

twenty-four hours at this temperature.

" Xylose is differentiated by tending to pass into an anhydride

form (C6H10O5-H2O) under this esterification. When treated in fact

with the mixed acids, instead of by the process usually adopted by the

authors of solution in nitric acid and subsequent addition of the sul-

phuric acid, it is converted into the dinitrate C6H602- (N03)2.

" Ketoses (Ce). These are sharply differentiated from the corre-

sponding aldoses by giving trinitrates C6H702(N03)3 instead of penta-

nitrates, the remaining OH groups probably undergoing internal

condensation. The products are, moreover, extremely stable. It is

also noteworthy that levulose gave this same product, the trinitrate

of the anhydride (levulosan) by both methods of nitration.

" The Bisarrhnrides or Biases all give the octonitrates. The degree

of instability is variable. Cane-sugar gives a very unstable nitrate.

The lactose nitrate is more stable. Thus at 50° it loses only 0.7% m
weight in eight days; at 75° it loses 1% in twenty-four hours, but

with a rapid increase to 23% in fifty-four hours. The maltose

octonitrate melts (with decomposition) at a relatively high temper-

ature, 163-164°. At 50-75° it behaves much like the lactose nitrate.

" Trisaccharide. Raffinose yielded the product Ci8H2i05- (X03)n.
" Starch yields the hexanitrate (C12) by both methods of nitration.

The product has a high melting and decomposing point, viz., 1SI°,

and when thoroughly purified is quite stable. It is noted that a yield

of 157% of this nitrate was obtained, and under identical conditions

cellulose yielded 170%.

1. Her., ISOS. :J1, 68.

'J.
" Kcscurcluis on Cellulose," lS'.J5-iyO(>, LongniHiis. (.iccn A i

3. See also Cross,. Bevan and Jenks, Her., l!K)l, lU, 21'.M1.
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" Wood gum, from beech wooti, gave a tetraititrate (Cio formula)

insoluble in all the usual solvents for this group of esters.

" The authore jxjint out in conclusion that the conditions of insta-

bility and decomiK)sition of the nitrates of the monost'triose scries arc

( \a( il\ those noted with the cellulose nitrates as directly prepared

aiiil titcil from residu(\s of the nitrating acids. They also lay stress

upon the superior stability of the nitrates of the anhydrides, especially

of the ketoses."

The process of J. M. Bonneville ^ of acting upon sugar with nitric

acid to produce a nitro derivative soluble in acetone and methylated

spirit, and of especial value in lacquer manufacture, has never estab-

lished its industrial value.

2

^ Other Nitrated Celluloses. Various forms of cellulose have

from t ime to time been proposed for the preparation of the correspond-

ing nitrates, and while possessing desirable properties, have more
often been brought forward in an endeavor to produce less expensive

or more stable esters. In general they have not found the wide com-

mercial applications which their advocates had hoped for, due in the

main to difficulty in purification or obtaining sufficient amounts of the

raw material for continued use. As far back as 1859 a waterproofing

composition was devised, using nitrated white pine sawdust.^ Henry

Spill in 1870 attempted to use esparto grass, but had difficulty in remov-

ini: tlu' silica.* Ramie,^ flax and esculapius weed ^ have been nitrated

and worked up into plastics as dental plates. Dean prepared " nitro-

dextrin " ^ by treating bleached cotton rags with a mixture of sul-

phuric and hydrochloric acids, and after the rags became tender they

were nitrated in the usual manner until a thick ropy mucilage was

formed. The mixture was well washed with a large volume of water,

the nitrodextrin allowed to collect by subsidence, and further washed

until neutral. R. Bernstein* used the solid fruits, nuts and shells

of trees of the palm species, particularly the fruit of Phytelephas

macrocarpa, usually known as vegetable ivory, and of several species

of " }f(turita," which after boiling in alkaline solutions and washed

in water were nitrated in the usual manner. DoUiak® found that

1. E.P. 814, 1881.

2. A. Elliott in his article on nitrosaccharose (JA.C.S., 1882, 4, 147) mentions
amyl alcohol as a solvent of this substance.

3. J. Mackintosh and G. Rhodes, E.P. 734, 1859.

4. E.P. 1017, 1870; for an efficient method see Heugst, E.P. 18002, 1898.

5. L. Dietz and B. P. ^VaJ^le, U.S.P. 133969, 1872.

6. Bickford, Spooner and Pyroxylin Manufacturing Co., E.P. 1170, 1873.

7. O. S. Dean, E.P. 2226, 1881. 8. E.P. 12778, 1885.

9. J.S.(M., 1885, 4, 366. For r&umd of literature on nitrojute, see Cross and
Bevan, J.C.S., ISSO, 37, 666; 1882, 41, 90; 1S89, 55, VM); C.N., 1898, 77, 300;

Mulhiiu-scr, ( h.m. Zeit., 1892, 16, 163; Ding. Polyt. J., 1892, 283, 88.
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when rye straw is boiled fifteen hours in 1-2% caustic soda solution,

and then nitrated and washed until neutral, the matted, brownish-

yellow mass formed contained 11.07'^^ N, and when gradually heated

flashed at 177°. It was found to be soluble in ether-alcohol, acetone,

amyl acetate and acetic acid, but decomposed at ordinary tem-

peratures after several days, even in the presence of urea and other

mild alkalis. By pulping the straw after nitration ^ and exhaustive

washing, C. F. Hcngst was able to materially prolong the stability.

The Marsden Company,^ advocate the use of vegetable pith, such

as that of maize- or cornstalk, which is first separated from the wood

and fiber, boiled with a dilute alkali to dissolve the vegetable fats,

sappy and other adherent constituents, the separation being assisted

by repeated heating, beating and winnowing, preferably with heated

air. The pith thus prepared gave a nitrate of very great solubility

and low viscosity. Gorse, and similar materials have been exten-

sively used in France ^ for the manufacture of nitrated cHjllulose

intended for those plastics where complete solubility is not essential."* ^

1. E.P. 13656, 18S8; see E.P. 20978, 1890, for nitration of cottonseed hulls, etc.

2. E.P. 6656, 1899; for process of nitration of horny materials, see Notelle

and Leroux, F.P. 347702, 1904; for cellulose nitrates from the cellulos« of the

Agave plant, see A. Cameiro, Z. Schiess- und Sprengstoffw., 1909, 4, 103. For
mixed esters of cellulose and nitric acid see Cross, Bevan and Jenks, C.N.,

1901, 84, 61.

3. G. P. Horteloup, F.P. 347353, 1904; for manufacture from sisal, see Hollins

and Taylor, E.P. 23192, 1908.

4. F.P. 327136, 1902; 331176, 1903.

5. According to L. Vignon and P. Sisley (Bull. Soc. Chim., 1891, (3), 6, 898; J.C.S.,

1892, 62, 1111) when silk is immersed in ordinary nitric acid (sp.gr. 1.133) at 45*

for one minute, and is subsequently washed in water, it is colored intensely yellow,

and the color is unaffected by exposure to air and light, while it is deepened by the

action of dilute alkali solutions. Nitric acid free from nitrous compounils does
not cause this coloration, which is found to vary in intensity directly with the

amount of nitrous compounds present, and with the temperature and specific

gravity of the acid used. The deepening of color by alkahne solutions is inde-

pendent of their causticity, while the silk increases in weight and takes up a certain

amount of the base.

Silk treated with a mixture of hydrochloric acid and sodium nitrate is colored

pale yellow; the color is rapidly browned on exposure to air and light, or hy the

action of boiling water or alcohol, while cold alkaline solutions turn it retldish

brown. Silk which has been subjected to the action of nitrous acid, or of nitric

oxide, in an atmosphere of carbonic anhydride, and sui)set^wently well washed,
is colorless, but is colored a stable yellow by nitric acid. Nitric peroxide colors

silk yellow at once. Silk heatetl with nitrous acid, and then oxidiztnl with pota.ssium

r>ermanganate and hydrochloric acid, is colored exactly as by nitric acid (impure),

from which it seems that the yellow colonition is dependent on the action of mtrous
compounds, and subsequently of an oxidizing agent.

The yellow color is discharged by acidified stannous and chromous chloride

selutions. Analyses of the nitrated silk show that about '2% of nitrogen is fixctl

in the reaction, probal)ly, primarily, as the nitroso group, which the further jwtion

of the nitric acid converts into the nitro group, a carboxyl group being displaced.

The properties of Ihe product somewhat resemble .Mulder's xanthoproteic acid,

but tnis contains mort* o«irbon and less nitrogen, ajjd results from a more intense

action. Sulphuric acid di.H.solves ordinary silk gnulually to a slightly colored

solution, whereati nitrated silk is couvertcil Into a pale yellow viscid mass. Aqueous
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At various times have been exploited the use of wood fiber,' esparto,^

woo<l pulp,^ hemp,-* goree,* the filx^r of Ulez Kuroperut,^ and the

flower stems of various species of At'.ivcJ l»iit th«^ products have m'ver

attained commercial prominence

Due to the persistence of J. K. 1 ranee ** a process for the manu-
facture of a cellulose nitrate for the celluloid industry was tried on a
manufacturing scale in the United States in 1890. The cotton fiber

was first carded and combed so as to arrange the filn'rs longitudinally

iiisU'ud of irregidarly, after which they were cut off in such short

lengths as to have the appearance of dust. The theor}- of France,

and the essence of his proces-s, was that up to that time variation in

uniformity and stabihty of resulting nitrate was due in a large measure

to obstructions in the cotton fiber, and that by comminuting the

fiber, nitration would take place more rapidily and at a less cost. It

is a fact that the nitrates produced by the France process were readily

soluble, but it was soon determined that the yield was quite inferior,

due to the pa.ssage of large amounts of cotton into solution in the

nitrating fluid, while still more was lost in the subsequent processes

of washing. The main difference in the ease or difficulty of nitra-

tion of various t<^xtile fibers lies in their morphological structure.

When flax fiber and cotton are nitrated under similar conditions as

regards time of immersion and acid strength of bath, it Is found that

whereas the cotton readily yields a fluid solution to amyl acetate,

flax gives a difficultly soluble and glutinous mixture, due to the

greater resistance to acid penetration of the cell wall. If the tem-

perature of nitration for flax be raised higher than that for cotton,

fluids of the .same viscosity are obtained.

Nitrates of Hydro- and Oxy-cellulose. These bodies, which

have never been prepared in a pure state, arc of interest chiefly upon

pota.sh dissolves ordinary silk in the cold, and nitrated silk on heating; neither
solution is precipitated by dilution with water, and lx)th evolve ammonia when
heated. Both varieties of silk are dissolved by hyilrochioric aci<l and hy zinc
chloride solution.

Ammoniacal vapors are evolved on distillation of each variety, and a carlx>n-

aceous residue is left. For nitration of horn, see F.P. 347702, 1904.

1. W. Ruckteschell, E.P. 4:J49, 1885.

2. Proc. Chem. Soc., 1804, 89, 137.

3. E.P. 3.3G. 1891; see also Engel. E.P. 6022, 1887.
4. C. F. Hengst, E.P. i:«>56, 1888.

5. A. Bouret and A. B Verbiese. E.P. 24768, 1898.
6. G. Horteloup. F.P. 331176, 1«K)3; 347o:«. 1904; 327136, 1902.
7. E.P. 21.505, 1005; A. Cameiro. Z. ges. Schiess- und Sprengstoff\/., 1000, 4,

10;j, finds the fil)ers from the flower stems to contain from 71.4-80.6% cellulose, and
the ash 2.64-2.80%. The fiber was scouretl with sodium carlnmate, bleached and
nitrate<l in a mixture of 1 part nitric to 2 parts sulphuric acids, the nitrogen

content of the resulting product varying within the limits 11.5-12.4%.
9. U.S.P. 420445, 420447, 1890; E.P. 20073, 1890; see France, JJS.C.l., 18.S9, 8,

303; 1S90, 9. 821.
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the bearing which they apparently exert upon the stability of tlic

collulose nitratoH. L. Vignon ^ has nitratcMl hydro- and oxy-ccllulose

and found that the viscosity of their ether-alcohol solutions are much
lower than the normal cellulose nitrates. They are equally inflammable

with the nitrates, show a greater affinity for bsisic dyestuffs, and arc

less stable. From extensive research on the higher nitrates of cellulose,

hydrocellulose and oxycellulose made by Berl and Klaye 2 the general

conclusion is drawn that the formation of either hydro- or oxy-cellu-

lose nitrates must play a very minor part in the formation of higher

cellulose nitrates at ordinarj^ nitration temperatures.^

Determination of Solubility. The degree of solubility of a

cellulose nitrate in a specified liquid or series of solvents should always

be determined in advance, in order to judge if the pyroxylin is satis-

factory for the use intended. This is especially important in the

manufacture of photographic films, and in the formation of artificial

filaments, for with the former, the small specks of undissolved prod-

uct show up as distinct particles in the developed negative or film,

and when these are magnified as in " moving pictures," they give

either a continued blurred appearance or a succession of light patches

flitting across the screen. With filaments, the fine specks of undis-

solved portions soon clog the spinning orifices and intcrnipt the

continuity of the thread.

One method of determining the solubility is to dissolve 5 gm,

of the air-dry sample in 100 cc. of the particular solvent mixture

that the cellulose nitrate is to be used in commercially,^ or if the

viscosity is high, the solvent may be increased to 200 cc. The glas.s-

stoppered flask is shaken frequently to facilitate solution, either alone

or after the introduction of a weighed amount of shot or glass

beads,^ until all that will dissolve has gone into solution. Allow

to stand at n^st for four hours, or until the sediment has deposited,

then decant carefully the supernatant liquid without disturbing the

precipitate. Add 100 cc. solvent to the contents of the flask, shake

vigorously and filter the precipitate through a Gooch crucible or tared

1. C.R., 1898, 126, 1658; 1900, 131, 509; 1903, 13fi, 898, 1818; Bull. Soc. Chim.,
1901, (.3), 2o, 130; also J.(;.S., 1S95, (57, S4; 1904, 80, 33fi. For action of potash
on oxynitrocellulosc, see Vignon, Bull. Soc. Chim., 1899, (3) 21, 597.

2.'Z. gcs. Schiess- unci SprengstolTw., 1907, 2, 381; cf., Clmrdonnet, E.P.
24G3S, 1S93.

3. Cf. E. Knecht, Ber., 1904, 37, 549; C. Pie.st, Z. ang. Chim., 1907, 21, 2497.

4. The particular solvent intendcil to Ix; used on the fiictory scale should always
l)e taken, on account of the varying results ohtaiiunl with different solvents. .\

pyroxylin whicli gives a cwtain percentage of undissolved residue in ether-alcohol

will not neces-sarily give the same amount when the solvent is cliangetl to, say,

amyl acetate-benzine ((50 40*^).

5. In order to affect .solution more (juickly by disintegrating the viscous gelat-

inized nitrated cellulose.
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filter paper, drj' at 100°, and subtract the weight of the shot or beads,

the (lifference being the weight of insoUil)le material in the sample

taken. Usually 1-1.') hours' drying is suflieient. Where quick and

appro.ximate det<'nninations arc to be made a portion of the 5%
solution, is placed in a 10 cc. urinar)' tube graduated in 1/10 cc. and

rotiitcd for fifteen minutes at the highest sp<'etl. The precipitate may
now Im iva.lily rea«l off, and results obtained in this manner, in the

authors hands, hm'o proven quite satisfuctorj-.'

Estimation of Viscosity. As has been stated, the vi,sco8ity

of a ceUulost; nitrate solution is an important commercial means of

deciding as to the particular use for which it is espt^cially adapted.

Uniformity in lacquers, film production and coating compositions

i< impossible where the viscosity and total solitls of the solution arc

unknown. For solutions of low viscosity and containing up to 5

oun<" s to the gallon, a simple form of viscosimetcr is sufficiently

aicuratf, the instnmients of Sayboldt and Redwood being hardly

nccessur}-. The principle, however, of allowing a given volume of

fiuid to pa.«is through an orifice of known diameter at a determined

temperature and taking the length of time required to do so is

maintained.

A 50 cc. glass stopcock burette or separatory funnel with the

aj)erture in the stopcock made quite, small, is used for the more

fluid solutions, the time required to empty from one mark or gradua-

tion to another being recorded. As the results are but comparative,

no (Icrmitc staiidaiil lias l)0(>n adopted. Viscositj" determinations

are usually made in aitenii)ts to duplicate given mixtures, or to bring

to an arbitrary' but definite standard, as regards fluidity, various

nitrocotton mixtures. Acetone is taken to dissolve the nitrate, in

testing for films and coating compositions, and usually a combination

of amvl acetate Go and Ix'nzine 35 parts (by volume) for lacquers.

The liquid to be examined is first brought to a definite temperature,^

usually 25° being taken, a small amount poured into the apparatus

and the sides carefully wetted by means of a brush to remove any

nir l)ul)l)l(s wliich ini<:;lit a.llittc and appreciably affect the reading.

Tiic viscosimeter is then filled, time given for air bubbles (if any)

1. A method of solubility determination often u.se<l, is to dissolve out the solvent

portion and evaporate to diyness the solvent containing the nitrocotton in solu-

tion. This method gives uniformly high result.s, due to the difficulty of removing

the la.st traces of solvent, an entirely soluble nitrat« often giving—apparently—
102-101%.

2. This is quite similar t« the consistency-apparatus of Stahl (Niind)erg)

descril>ed by L. E. .\n«les (Rev. Fett- und Harz. Ind. 14,7«») in which is dctcrmine<l

the numl^r of seconcls rctjuirwl for an air bublile of fixed volume to pa«« from

liottom to top of ^ glass cylinder of definite height fille«l with the test sample at

17.:>°.
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to rise, and the time for a given volume of liquid to run out of the

apparatus, or to fill a receptacle of known capacity placed under

the instrument, detennined by means of a split-second watch. There

are two sources of error in this method. The evaporation of solvent

while passing through the air may be sufficient so that duplicate

determinations with the same sample are inadvisable, or the solution

may be so viscous that a large portion may adhere to the sides of the

instrument.

The principle of the Cochius viscosimeter (Fig. 2), consists in

measuring the time required for a bubble of air to ascend a certain

distance up the tube. The apparatus is filled by opening the stop-

cock b, and pouring in at a, after removing the stopper. The size

of the air bubble is determined by the height to which

the tube is filled and by the graduations, 1, 2, 3, 4, a

convenient size bubble being 2 cc. Stopper a is in-

serted, cock b closed, and by turning the stopper,

the boring d is brought opposite the little opening e,

in order to relieve any internal pressure. The stop-

per is then tightly shut, and the apparatus inverted

and fastened. The bubble is now just below the

stop cock. By quickly turning the cock through

90° it is fully opened, the bubble begins to rise, and

by means of a split-second watch the time required

for the center of the bubble to pass from / to y is

observed. The number of seconds required for the

bubble to pass from one mark to the other may be

called the viscosity number. The distance from / to

g is arbitrary, it being evident that the longer the

distance the more closely concordant will be the re-

sults. From O.S-1 meter length between / and g
and 100 cc. capacity are convenient dimensions. In

Fia. 2.—Cochius *^^ absence of such an instrument, a glass tube of

Viscosimeter. about 2 meters in length may be taken, of 40-80 mm.
internal diameter, one end being closed, the other

stoppered. A mark is made by scratching the glass about 25 ram.

from each end. The heavy solution having been reduced to the de-

sired temperature for the observation, is poured into the tube until the

latter is nearly full. A small sphere, usually a marble or steel ball

from a Ijall-bcaring wheel, is thoroughly rubbed with the solution in

order to di.s(mtanglc the air bubbles that might otherwise cling to the

ball, then dropped into the solution in the tube, which ia then stop-

pered. By inverting, the time can be determined of the passage of the

5
a

0=ff

/

y
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ball between the marks on the tube. This apparatus, while apparently
crude, is nevertheU^s susceptible of quite accurate work, and pos-
se8s<»s the added advantage of allowing any number of duplicate deter-

minations to be made by simple inversion of the tube.' -

Determination of Nitrogen by Lunge Nitrometer. (See Fig. 3.)

Carefully weigh out O.G-0.7 ^ gm. of the previously dried nitrocotton

in a small weighing bottle of 10-15 cc. capacity and
add from a pipette or burette 10 cc. concentrated

sulphuric acid. Gently rotate the bottle until the

nitrate has entirely dis.solved. The fluid is then

cart^fully transferretl to the cup of the nitrometer,^

the pressure tube of the in.strument having first

been raised so as to bring the mercury in the

measuring tube up into and filling the orifice of

the stopcock. Now lower the right-hand or pressure

tul>c just sufficient to cause the solution to be drawn
into the bulb of the measuring tube when the tap

is slightly opened. Close and rinse the weighing

bottle and stopi>or with 10 cc. additional sulphuric

and transfer into the bulb in the same manner as

Ix'fore. Finally wjush down the sides of the cup

with small portions of sulphuric acid, using about

10 ... in all, and, after allowing this to be dra\^^l
^CuIbXitrometlr'!"'

into the bulb as before, the stopcock is securely (.4. cujk b. meararinie

closed.* The solution being all in the measuring *" '
•p'**"'*'" -^

tube the pressure tube is again shghtly raised and the tube containing

the dissolved nitrate vigorously shaken for a period of ten minutes.

It is then replaced in a clamp, the pressure relieved by lowering the

1. The accuracy of the temperature of the solution is an important factor.

Lunge record.^ an instance where a pyroxylin solution gave a viscosity of 20.35
secon«l8 at 14°, while with a rise in temperature to 25.25°, but 14.18 seconds were
required. P'rom this it is seen that viscosity rapidly decreases with increase of

temperature.
2. .\n alteniAte method is to u.se. instead of a ball, a float nearly the size of

the tube, and use<l in a manner similar to an Rrdmann float iii a burette. The
speed of motion, of the float can l)e regulated by its diameter, i.e., the more nearly
the diameter is to that of the tube, the more slowly will the float ascend.

3. Depending on the nitrogen content of the nitrocotton. An amount must be
•:iken so that tl^ volume of NO shall l)e greater than 100 cc. but less than 150 cc.

The nitrometer capacity should l>e 1.50-200 cc.. and contain a bulb at the top of 1(X)

cc. capacity. The stopcock—which is three-way—must be very accurately ground.

4. Or where the nitra*e ha.s not been finely pulpjwl it may be weighed directly

into the nitrometer cup, the acid a<lde<l, and after stirring with a gla&s rod until

dissolvctl. transferred into the measuring tulje and rinsed with sulphuric acid in

the usual manner.
5. (Jreat care is necessary to prevent the admission of air bubbles and the pre#"

sure tulie must be only slightly lowered or the vacuum forme<l will cause the acid

mixture to run in with a rush—difficult to control

—

and carry air along with it.
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pressure tube, and the apparatus allowed to stand for twenty to

thirty minutes for the reaction to become completed and the contents

of the nitrometer to cool to the room temperature. The level of

the mercuiy in both tubes is eciualized,^ after which the cubic

centimeters of NO gas are read off fiom the measuring tube, the

temi^erature of the thermometer attached to the tube and the

barometic pressure 2 being taken.

Determination of Nitrogen with the Gas-Volumeter.^ By
means of this ap])Hrutus, the calculations necessary in the nitrometer

are obviated, no reference tables are required, the method being

applicable for absolute as well as relative mea.';urements. The fol-

lowing description of this apparatus, which was devised and perfected

by (i. Lunge, is taken from Lunge's Technical Methods of Chemical

Analysis, substantially in the words of the inventor. By means of

this apparatus, the reduction of a volume of any gas, either wet or dry,

to nonnal conditions (usually 0° and 760 mm. pressure), is effected

without observation of the temperature and pressure.

The principle of the apparatus is to inclose a known volume of

air at such a pressure that it occupies exactly the volume which it

would take up at 0° and 760 mm. pressure. If the same tenperature

and pressure are now applied to another volume of gas, this will also

occupy the volume which it would take up at 0° and 760 mm. pressure.

This condition is brought about by confining the known volume of

air in a " reduction tube," to which a pressure tube is attached, and

placing the latter in such a position that the gas in the reduction tul^e

is brought to the volume it would occupy under normal conditions.

The reduction tube being connected to the gas-measuring apparatus

by means of a T-tube, by adjusting the level of the mercury in the

two tubes to the same height, the volume correction is applicable

directly to the gas in the measuring tube.

The apparatus, which consists of two sections, is sho^NTi in Fig.

4, the three tubes A, B and C, being connected as indicated with suf-

ficiently long rubber tubing (so-called " pressure tubing, ") each tul^e

being held in ])osition by movable clamps working vertically. The

1. A little experience will enable adjustment to be made with accuracy. It

must l>e remembered that the acid portion above the mercurj' has a density of

about 1.8 while that of the mercury is al)out 14. Therefore when comparing the
heights of mercury in the two tubes, the mercury in the pressure tulxj should be
raised higher than the mercury in the measuring tube, by al)out | of the height oi

the acid in the latter tube.
2. .\nothcr method of adjustment is by very slightly opening the tap on the

measuring tul>e, after first adding a little sulphuric acid in the cup. When accu-
rately a<ljusteil the acid shotdd neither rise nor fall.

3. Lung«, Ber., ISDO. 23, 440; 18<)2, 25, 3157; Z. ang. Chem., 189(), 3, 135);

1891, i, 197, 410; 1892, 5, 677; J.S.C.I., 1890, 9, 547.
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measuring tube A may l)c a nitrometer or any other gas^neaaurin^

apparatus. The »o-calletl reduction tul)e B, is either enlarged at the

top, or preferably as shown,* of cylindrical form in order to bring

the incloseil volumes of gas as far as possible into a paiallel position.

The first graduation indicates a volume

of 100 cc, the lower cylindrical portion

being divided into 0.1 ec. for another

30—K) cc. The tube is set once for all,

by observing the temperature and pres-

sure, calculating the volume whi( h

lOOcc. of dry air wmdd occupy under

the ol)servetl conditions, bringing the

mercur>' to the corresponding division,

and closing the tap alwve the bulb.^

The pressure tulx? C is preferably con-

stricted at the lx)ttom as shown in B
in order to economize the amount of

mercur}' noedetl to fill the system.^

1. Gockel (Z. ang. Chem., 1900, 13, 061,
1238) has devisetl a tap which is riclgc<l hori-

zontally and seale<l by mercurj-. which Lunge
states is satisfactory and generally applicable.

2. If the tap is air-tight, the determina-
tion, once made, is permanent. .\s an alter-

native, the upper end of the tulx? mayend in

a capillary, which can be sealed off after the
volume has been correctly adjusted.

3. If moist gases are to be measured in

the measuring tube, a small drop of water
must be introduced into the reduction tul>e;

if dry gases such as nitric oxide generateil

over sulphuric acid in the oniinary nitrometer

are to be measured, a drop of cone, sulphuric

acid is introfluced into the reduction tul)e,

but never in sufficient amount to more than
cover the t<jn of the mercury meniscus. The
gases must iie measured either quite dry or

saturated with moisture.

Formula for dry gases:

(273-1-0760

„ ,, (273+ 0760
Formula for moist gases: '""

•"273('fl—/)
'

Where T, = volume of gas renuired;

V,= normal volume of gas;

t = observeil temperature;
/? =- observe*! barometric pressure;

b = tension of water vapor at ol>serve«l temperature.

T> ' 'h^retluction tulie, the temperature is ol>scrved by means of a thermom-
ci. led by the side of the tul)e, and the barnnu-tric pressure obtained.

Tl.; ;..v ]'j which 100 cc. of gas at normal temperature and pressure \\ will

Fig. 4.—Lunge Gas-Volumeter.
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When any gas-vohimetric operation has been carried out in A,

the volume of gas is not rea(i iu the ordinary manner after adjusting

the mercury in ^4 and C to equal levels. Before taking the reading

of the volume of gas in A, the three tubes are so adjusted that the

mercury in B stands at the 100 cc. graduation, and the levels in A and
Ji are the same.^ This adjustment is most readily carried out in the

following manner: The tube A is securely clamped while B and C
are raised, C to such an extent that the mercury in B rises to the gradua-

tion 1(K) cc. B and C are then lowered simultaneously, so that the

diflerence of level of the mercury in the two tubes is maintained until

the mercury stands at equal levels in A and B, in the latter still at the

1(K) cc. graduation.2 It is obvious from the above, that by the use

of the gas-volumeter all thermometric and barometric readings, and

all reductions by calculation or special tables, are avoided; the vol-

ume of gas is read off directly under conditions corresponding to the

normal pressure and temperature. As it is not easy to shake the

merciiry and sulphuric acid in the tube itself when a reduction tube

is attached, and as there is danger of the gas going over into the

reduction tube, it is advisable to induce the decomposition in a sep-

arate apparatus, E and F, Fig. 4, and then transfer to the volumeter

for measurement. E is the reaction vessel of capacity of about 100

cc. when used for the analysis of nitrous vitriol, and of about 200 cc.

when used for the analysis of dynamite and nitrocellulose. It is pro-

vided with a tap, a beaker c, and pressure tube F, arranged as in the

ordinary nitrometer.^ To carry out a determination, F is first raised

until the mercury reaches the end of the capillary a, which is then

closed with a ground glass or rubber cap b, to prevent the escape of

mercury on shaking, and the tap of E also closed. The material to

occupy at the observed temperature and pressure, either dry or moist, is then calcu-
lated oy means of the above formula. For method of measuring dry gases with a
wet reduction tulie and conversely, see Lunge, " Technical Methods of Chemical
Analysis," 190S, v. 1, pt. 1, p. 14L

1. The gas volumes in A and B then correspond to such temperature and pressure
that their volumes are equal to those which they would occupy when dry at 0°

and 7()0 mm. pressure, since this condition (if properly conducted) is in:?ured once
for all in the case of B, and the gas in A is at tne same temperature and under the
same pressure.

2. Usually the adjustment will be found a trifle inexact, which can be remedied
by a slight movement of B. In cases where another liquid is introduced into the
measuring tul)C Ixjsides mercury, the pressure which it exerts must l)e taken into

account. For instance, in nitrogen determinations by the Dumas method, a mark
is made l)elow the 100 cc. graduation of the re<iuction tube, corresponding to one-
tenth the height of the potassium hydroxide solution in the measuring tube, the
en.gr. of which may lie taken as 1.10 that of the mercury. In then reading off

the vohmie of nitrogen, the mercury in the retluction tulxj is brought to the 100
cc. graduation, and that in the leveling tul)e to the special mark below, by which
means the height of the potassium hydroxide solution ia allowed for.

3. E is Ixjst aupportcu by a ring, sind F by a clamp.
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l)e detorniinetl is introduccKl In the usual manner through the cup r,

the reaction inducetl by shaking, and the whole allowe<l to stand to

regain atn»o»pheric temperature. E and A are then brought to the

same height, as shown in the figure, and the mercurj' in the measuring

tube of the volumeter A driven over to the end of the thick rubber

tube attached to the capillarj' d. The cap 6 is then removed, the

capillary a slipped into the rubber connecting tube until glass touches

glass, F raised and C lowered, the two connecting taps opened, and
the gas syphoned from E to A. The tap on ^ is closed as soon as the

acid from E reaches the bottom of the capillary tube e. The levels

in A and B are then adjusted, and the mercurj' in B brought to the

100 cc. graduation, as described above.^ By the use of several reac-

tion vessels, many more determinations can be carried out in a given

time than is pos.sib!e with the ordinary nitrometer.

Determination of Nitrogen Oxides. The lower nitrogen oxides

are estimated by allowmg a weighed or measured volume of the acid

to flow from a burette graduated in 1/20 or 1/50 cc, into a measured

volume of half normal potassium permanganate solution (never the

reverse) diluted with 4-5 volumes of distilled water previously warmed
to 40°.2 The quantity of jjermanganate required varies directly with

the amount of nitrous acids present. 1 cc. N/2 KMnOi =0.009502

gm. N/)3. 3 *

Determination of Mixed and Spent Acids. Three reliable

methods of determiumg the composition of the mixed acids are as

follows:

(a) Total acidity is determined by titration of a 2 cc. sample

1. This method of transferring gas is advantageous, not only Ijecaase the pres-
sure ilue to the sulphuric acid does not have to lie allowed for, hut also t>ecau8e the
unavoidable dirtying of the apparatus is confined to the reaction vessjcl E, which
is rea'iily cleaned. Care shouul Ije taken that the bores of the capillaries a and d
are not enlarged at the ends, so that no bubbles of gas will mihere upon connecting up.

2. At ortlinary temperatures the reaction procee<ls too slowly, while if the
temperature be too hign or the solution too conceiitratetl, hydrateil manganese
•lioxide separates out an<i gives trouble, but does not prevent titration from l)eing

carried out, since the oxide again goes into solution after the titration is completed.
3. If the volimie of permanganate solution taken l>e denoted by x, and the

vol lime of nitrous vitriol required to decolorize by y, the weight of nitrous oxi<ie

(NjO^ in gm. per 1. is expressed by the formula . To express the result

in HNO, or NaNO, insteati, the factors 15.75 or 21.258 are substituted above for

the 9.502.

4. Undue prominence has been given to the action of the nitrogen oxides in

nitroootton manufacture. Often in the purchase of mixe<i acid from manufacturers,
the amount of nitric oxi<les (calculated as NjO,) is limite<l to 0.0.5%. .\fter rebuild-

ing the spent acid a numl)er of times the low oxi<les will increase to 0.2-0.3%—

a

negligible quantity. For nearly all purposes, this amount of oxides can Ijc calculated
as its e<iuivalent in nitric acid by ignoring them entirely. No difference in the
nitrocotton can Ije found if this method Ijc followed where the oxidcu aire not in

excess of 0.3-0.4%. (See J. R. l*itman, JJS.CI., 1900, 1», tH5.)
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the weight of which has previously been determined by a 100 cc.

picnometer, using N/2 NaOH. Sulphuric acid is obtained by the

usual gravimetric precipitation with a barium salt. Nitrous acid is

estimated by diluting a portion of the acid mixture, neutralizing

with sodium carbonate or hydroxide and treating with potassium

ferrocyanide and citric acid.* The total acidity less the sum of the

nitrous and sulphuric acids represents the nitric acid present.

(6) Determine the specific gravity by picnometer or hydrometer

and the oxides of nitrogen by the permanganate method. The total

acidity is then obtained as described above, and calculate it as HNOa,
Determine the nitric acid by the nitrometer and subtract the per-

centage found from the total acidity, the difference being sulphuric

acid.

2

(c) The method of Mihr^ eliminates the use of the nitrometer.

He claims to determine mixed acids both fresh and spent with an

accuracy of 0.1% by titration first of the total acids as described

above and then of the sulphuric acid which remains after volatiliza-

tion of the nitric acid by evaporation on the water-bath. If nitro-

sylsulphuric acid is present, it must first be decomposed by the addi-

tion of water before evaporation.^

Unaltered Cellulose may be estimated by boiling a small sample

with sodium stannite ^ solution, carefully washing out the stannitc

with warm water and drying. The cellulose nitrates are dissolved

by this treatment, leaving the unchanged cellulose as the residue.

Or a weighed sample of the ester is shaken with ether-alcohol until

no more dissolves filtered and the filtrate shaken with ethyl acetate

and acetone until no more passes into solution. The ether-alcohol

dissolves the lower nitrates and the ethyl acetate and acetone the

higher nitrates, the undissolved residue being unchanged cellulose.

1. G. Coffetti and G. Madema, Gaz. chim. ital., 1907, (2). 37, 13: J.S.C.I..
1907, 2«J, lOOS.

2. The calculation of results would \)q as follows: Total acidity, say, 96.2%.

Nitrogen by nitrometer, 16.8%; difference 79.4%. Then ^^^4?^- -61.76%
6»i

IIjSO^, 49 being one-half the niol. wt. of HjSO, and {Mi the mol. wt. of UNO,.
li. Fr. Mihr, Chern. Ztg., 1907, 31, 324, 340; cf. A. P. Van Gelder, J.S.CM.,

19(H), 1J>, oOS.

4. Altiiough Lunge (Z. ang. C^hem., 1904, 18, 1681) finds this method givi's

values for nitric acid too high on account of a loss of sulphuric acid on evaporation,
it has the advantage over the nitrometer for nitric acid in spent acids, for any
cellulose nitrate in solution gives up its nitrog'n in the nitrometer and is ciilculated
as so much nitric acid. The author has worked with this methotl, and where the
evaporation is conductetl at low temperatures and water adrleil once or twice during
evaporation, very conconlant results are obtained comparative with the nitrometer
for tmused mixed acids.

5. It is Ijest to prepare the so<lium stannite solution ext<»mporane<nisly each
time as ro<|uire(l, and this may l>e done by adding a solution of sociium hydroxide
to staimous chloride, until the precipitate first formcil just dissolves.
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The unconvertetl cotton may ako l)c cletermincHi by boiling a fresh

quantity of the air-dry sample (usujvlly 5 gm.) with a saturated aqueous

solution of sodium sulphide. After allowing to stand at a temperature

of 40-60° for two or three hours the mass is decanted or filtered, and

the process repeated in the same way. The insoluble rt^sidue, which

consists of unnitrated cellulose Ls first washed with dilute HCl, then

water, dried and weighed. In more accurate work the cellulose is

finally ignited and the weight of the ash deducted.'

Preparation of Acid-Proof Nitrated Filter Cloth. According

to Claesson - in order to prepare filter cloths so as to render them acid

resisting, the cloth is first immersed in cold nitric acid of 40-50° B6.,

then in concentrated sulphuric acid of about 60° Bd., finally washing

with water until neutral. By this method a superficial nitration

only is effected. According to the author, a filter cloth which will

stand strong acids can only be prepared by weaving it from artificial

threads made from pure nitrocellulo.se solution. F. Bayer & Co.,^

state that completely nitrated cloth with 12.4-12.9'^ nitrogen, may
be produced by immersion first in nitric and then in sulphuric acitls,

1. The method of Lunge (J.A.C.S., 1901, 23, 538) is satisfactory' in more highly

nitrated nrotlucts, but is not applicable to the lower nitrates, which Lunge attrib-

utes to tne fact that as these esters aie prepared with less concentrate*! acid, they
invariably contain oxycellulose. The reagent employed is an alcoholic solution

of sodium ethylate, CjlijONa, although sodium methylate or amylate would have
the same effect and is made by dissolving 2 or 3 gm. metallic sotlium in 100 cc.

95% ethyl alcohol, the solution lieing filtered and mixctl with 100 cc. acetone.

This reagent has no effect on unaltered cellulose, even after several hours' contact,

while the celluU)se nitrates are almost instantly decomposed with formation of a
reddish-brown sulwtance soluble in water (evidently the sodium salt of an organic

acid, perliaps oxypyruvic acid, Will, Ber., 1891, 24, 400). The ojjeration is carried

out as follows:

l.SO cc. of the 200 cc. prepared above is placed in a capsule or Erlenmeyer
flask along with 5 gm. of guncotton. The mixture is heate<l to 40° or 50° on a
water bath, and now and then shaken up during twenty or thirty minutes; or
else it is allowetl to stand at the ordinary temperature for a few hours. It is then
alloweil to settle. The brown-red solution is ilecantetl from the undissolvetl portion;

the latter i« first washetl with alcohol by decantation, and subse«^uently with water,

whereby the brown substance is dissolved. The residue, consisting of cellulose,

is filtered and wa.shed with hot water, last of all with addition of a little hydro-
chloric acid. For onlinary work, it may Ik; at once dried and weighed; for very

exact estimations the water is removetl by washing with alcohol, the residue is

once more treated with .50 cc. of the reagent left over from the first treatment by
keeping at 40° or 50° for fifteen minutes, and the operation is finishetl as above.

The cellulose thus obtained does not yield a trace of gas in the nitrometer and gives

only an extremely faint blue reaction with diphenylamine. It shows a ver>' faint

yellow color, producetl by about 0.1 mgm. of the brown substance which can be
removed by treating with a solution of 0.1 mgm. chloride of lime in 5 cc. very dilute

hydrochloric acid; but this last treatment is really unnecessary, as the 0.1 mgm.
does not appreciably affect the estimation. The results agree to 0.1 or 0.2^, if

the weight of unchanged cellulose amounts to alx>ut 0.2 gm., which can be attained

by employing a convenient weight of the cellulose nitrate.

2. Zeit. ang. Chem., HKXi, 2<), 317; C.A., 1907, 1, 1169.
'

'/.it. ang. Chem., IIMW, 20, 571; see also J. Wetter, E.P. 17302, 1897; F.
i:.S.P. 850266, 1908.
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and that the cloth so prepared is superior in quality and strength to

that formed from weaving threads, being nearly twice as strong,

and more resistant to acids and chlorine, while more oepn and porous

than the latter. The author has often nitrated a whole undergarment

(shirt or union suit) which was completely soluble in amyl acetate

and contained 11.5-12% N.^

Cramer 2 recommends employing filter papers consisting wholly

or partially of nitrocellulose, in order that incineration may be more

rapid and complete. Such papers also offer the additional advantage

of filtering very rapidly and of not being quite as hygroscopic as

ordinary filter paper. In this respect they approach in properties

the toughened or hardened filter papers. Where the filter is highly

nitrated and burns too freely, a small amount of paraffin may be added

to lower the speed of ignition.

1. To produce solid cloths for protective purposes against acids, D. Bachrach
(U.S.P. 692102, 1902) recommends the a<ldition of graphite or bitumen. About
10% of either is said to produce a cloth which will successfully resist long contact
with corrosive chemicals. If it is desired to blend the nitrocellulose with the
graphite or bitumen an acid-resisting solvent known as "picamer" (F. (jrecning,

E.P. 22019, 1894) may be used to dissolve the nitrated cellulose. Picamer may
be obtaijied by fractionating wo<xl-tar distillate with chromic acid or alkaline
potassium bichromate. See also the process of E. Miiller, E.P. 12867, 1898.

2. Zeit. ang. Chem., 1894, 8, 269; see also Hargreaves, E.P. 24235, 1894.



_ CHAPTER III

THE NITR.\TION OF CELLULOSE

Historical. After Schonbein had announced his discovery of

the ballistic possibilities of the cellulose nitrates, he immediately

applied for patent protection for his discoveries, and the first United

States patent for a cellulose nitrate was granted to him Dec. 5, 1846.'

Apparently it attracteil little attention in this country, on account

of inability to control the manufacturing processes and the poor

quality and stability of the ester produced. Eighteen years after-

ward, when Lenk introduced his process ^ and gave a specific series

of steps for preparation,^ interest in the manufacture became more

general."* It was not until 1866, however, when Abel obtained pro-

tection for his pulping process,^ and showed conclusively that the

stability is greatly increasetl by breaking the cotton fibei-s in order

to eliminate all acid from the inner filamentous canal, that the manu-
facture of the cellulose nitrates may be said to have assumed definite

conmiercial importance.** Following up Abel's idea of the importance

1. U.S.P. 4874, 1846; E.P. 11407, 1846, Uken out for him by his friend, John
Taylor.

2. VJS.V. 43166, 1864; cf. F. Greening, U.S.P. 172995, 1875; E.P. 4806, 1876.

3. Among others, the impregnation of the nitrocotton with a solution of water

4. Revy, U.S.P. 5008;J, 1865, used cotton spun into a lightly twistetl yani,
and purifietl by previously washing in an alkaline solution. Like Lenk, water
glass was uso<l as the final acid neutralizant.

5. U.S. P. .)9SS8, 1866.

6. This process with its refinements was widely usetl from the time of its patent
protection until comparatively recent times. Natlian (J.S.(\L 190!), 28, 180)
describes the process as formerly carried out at Waltham Ablwy, Englanil, as
follows:

"The nitrating acid wa.s composed of 3 parts of sulphuric acid of 96% mono-
hydrate to 1 part of nitric acid of 91% monohydrate, thoroughly ml.xe<l and
cooled. This acid was run from the store tanks into cast-iron dipping pans, hold-

ing about 220 lb. each, the pans l)eing supporte<i in an iron tank through which
cold water circulate<l, to keep the temperature Iwlow 70° F. The dipping pans
were provided at the back with gratings, on which to press out some of the acid
from the charge. The charge of cotton waste weighetl 1 lb. I oz.. and on removal
from the cooling box was passed from the back through an earthenware pipe in

the partition miming along the back of the pans, and raked by a dipper, as ni|>idly

as possible, into the acid, .\fter remaining in the acid Itath for almut eight minuti's,

the cotton was removetl to the grating and a portion of the acid stjueezed out by
means of an iron lever having an iron plate attached to one end. After a cliarge

73
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of acid elimination, Schaffner devised a method of washing under
pressure to compel the fluids to more thoroughly permeate the fiber.^

Still difficulty was experienced in removing the last traces of acid,

and crushing to an impalpable powder,^ neutralizing with ammonia
fumes,3 and the addition of chalk were among the expedients tried.

Cotton was accepted as commercially the best material to convert

into nitrate, and attention was turned to the varieties and mechanical

treatment of the cotton before and during nitration. Cotton dust,-*

cotton carded, spun, and woven into hanks were experimented with,

but while the former could not be sufficiently purified, the latter forms

yielded a large increase in weight in nitration, but the purification

processes were unduly long, due to the physical structure of the woven
and matted fibers. Maxim made a series of improvements in mechan-
ical appHances for nitration,^ Chardonnet outlined the successive

had been removed from the dipping pan about 13} lb. of the mixed acid wa.s run
into it to replace the amount removed with the charge. The charge, now weigh-
ing with the adhering acid about 15 lb., was placed in an earthenware pot providctl
with a cover and transferred to the cooling pits, through which a stream of cold
water flowed, and where it remained for twelve hours. During this period of

digestion the conversion of the cotton into guncotton was completed. The con-
tents of the pots were now emptied into a centrifugal wriitging machine, and the
bulk of the waste acid extracted. The guncotton was then removed from the
centrifugal machine and placed in galvanized iron pans with long handler. These
pans, when filled, were carried (juickly across to the immersing tank and the gun-
cotton thrown into a large bulk of water, the workmen staniling by the tank and
pushing the gimcotton at once under the water with a stout wootlen paddle. The
immersing had to be done as quickly as possible, as, if the gimcotton were
allow€!d to come gradually in contact with water, it was liable to fume off. The
immersing tank was fitted with a perforated copper plate, to allow the water to
overflow, so that fresh water was constantly passing through the tank. The gun-
cotton was kept well stirred by means of a wooden paddle. When 2 cwt. had l)een

immersed, the inflow of water was stopped and tnc tank drained down. When
all the water had been run off, the tank was filled up again with fresh water. This
was repeated six times, or until the guncotton no longer tasteil acid. When this

stage had been reached the guncotton was wrung in a centrifugal machine, water
from a hosepipe behig turnetl on the guncotton for one minute during the wringing,
and it was then ready for boiling.

"This process, although it undoubtedly produced a good gimcotton, hml cer-

tain disadvantages, and the amount of labor required was very great. The platit,

although hidividual items were not expensive, very rapidly deteriorated, and the
cost of renewals and replacements was heavy. Power was re<juired to drive the
centrifugal machines, large quantities of water were useti both for cooling and
immersing, and decompositions, both in the pans, pots, and acid centrifugals,

were by no means an infrequent occurrence."

1. U.S.P. 60.571, 1866; 93757, 1869; cf. Muscharap, U.S.P. 128450, 1872.

2. Mackie, U.S.P. 141654, 1873.

3. .\nthony, U.S.P. 143865, 1873.

4. J. France, U.S.P. 420445, 420446, 1890; F. (Jreening, E.P. 8442, 1886.

5. H. S. Maxim, U.S.P. 430215, 1890; 4542S1, 465280, 1891; 474788, 479988,
1892; 544924, 1895; E.P. 4129, 1891. He impregnatc<l the cotton with a sat uniteil

a(|ueous solution of soilium or potiissium nitrate, drieil, and then plunged this into

a mixture of nitric and sul|)huric acid, de|MMiding on the dtH?omiMxsition of the
nitrate inside the cotton filament and the nitration of the sjimc by the nascent
nitric acid formed. He was the first to apply the ".sttniping" pn)Cess in the Unito<l

States, whereby the cotton was first immersed in a strong nitrating mixture and
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steps in his process of pyroxylin manufacture and including centrif-

ugal extraction.* Mowbray ^ ami the Hyatts ^ made important improve-

ments in connection with the nitration of paper for pyroxylin plasties,

and the rapid advances made in photographic films composed of the

collodions, all materially contributetl to place the jnanufacture of the

nitrates on a stable and definite basis.-* The rise of the pyroxylin

lacquer industr>', the production of artificial leather and wateqjroof

coatings, advances in pyro.xylin plastics and celluloid, the attempts

to produce artificial filaments in imitation of silk, and the coating

of leather with dissolvetl pyroxylins, all contributed to the advance

in manufacture and refinements in purification, by creating a large

demand. This <lcmand has steadily grown, both in volume antl in

exactness of purity, stability and solubility of the various cellulose

nitrates produced. This demand in a large measure came as the result

of successfiil search for suitable solvents for these esters, the develop-

II KM I it I he iiisol oil industry as the means for the manufacture of amy I

acetate—technically the most important and widely used li(iuid

solvent for the cellulose nitrates—being most important and far

reaching.

Classes of Cellulose Nitrates Produced in the United States.

These may be retluced, for all practical purposes, to three different

series of nitrating operations,^ as follows: (1) Nitration by haml of

a high grade of cotton for use in fine lacquers, artificial filaments and

.ift<r not over five minutes' immersion, taken out and without draining, trans-

ti in 1 to a tank containing weak acid of many times more weight than the
f4>ii«)ii, in which the latter was allowed to remain for several hours to " adjust"
the nitration.

1. The novelty in this process (U.S.P. 455245, 1801) was in neutralizing all

wash waters with an alkali and evaporating the same to dryness to recover the
nitric and sulphuric acid usctl in nitration. Chardonnet's process was int«nde<l

to produce a cellulose nitrate of great fluidity and solubility, especially applicable

for the formation of artificial filaments.

2. See under Celluloid.

3. See Celluloid.

4. The earliest manufacture of smokeless powder in the Unite<l States was car-

rie<l on by Cluirles Ix;nnig, at Philadelphia, about 1<S')(). He made a guncotton
for smaIl-Hm\ charges out of long .staple, fibrous cotton, l)ut on account of accidents,
the iiiaiiuf;tfiurt' was soon discontinued. The next fiictory started was erecte<i

;iiM)ut 1^70 l>y Carl Dittmar at Quincy, Mass., where a soft granulatcil powder
w;is matic, but this was soon abandonetl. The first factory erected solely for the
manufacture of modem smokeless powder was in ISIK), at the U.S. Torpe<lo Station
at Newport, R. I., licing plannetl, erected and operate<l by Charles K. Munroe.
under tne direction of the government. It has continue*! and is to-<lay in regular

operation. Following this, four factories'were erected in 1891, one each in 1S95 and
1S9S, and two in 1900. From this time the manufacture became rapid and moro
widely scattered.

5. A sp>ccial grade of pyro.xylin for the manufacture of collo<lion is, acconliiig

to Sadtler (Handlxmk of (.'omm'l Industrial Chrm., 21H)) put upon the market
by theSchering factory of lierlin, and is made by immersing cotton for fifteen min-
utes in a mixture of equal volumes of sulphuric of sp.gr. 1.815 and nitric acids

1.40, at a temperature of SO".
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photographic film production. (2) Nitration of paper for the highest

grade of pyroxylin lacquers, for coating silverware, the manufacture

of continuous films and the preparation of transparent celluloid sheets.

(3) Nitration of cotton for opaque preparations as celluloid collars

and cuffs, artificial pyroxylin leathers and bronzing fluids, of a low

nitric acid nitrating mixture, producing an irregular and not always

soluble pyroxylin, but one in which the manufacturing cost is low,

and the yield comparatively high. Actual factory processes of the

preparation of these three classes of cellulose nitrates are described

in detail subsequently.*

U. S. Ordnance Requirements for Nitrocellulose Manufacture.

The followhig general instructions are prescribed by the U. S. Anuy
Ordnance Department, as revised Apr. 18, 1908:

Nitrating. Cellulose of standard quality shall be dried at a tem-

perature not exceeding 110°. When cold, this cotton shall be nitrated

in mixed nitric and sulphuric acids. After nitrating, the nitrocellulose

shall be washetl in water before boiling.

Preliminary Boiling. The nitrocellulose shall Ikj boileel ut Iciust

forty houi-s, and with not less than four changes of water, in tubs so

constioicted that the nitrocellulose shall not come in contact with steam

at a temperature greater than 100°. There shall l)e complete ebulli-

tion or boiling over the entire surface of the tubs. No alkali shall l)o

used in this pi-eliminary purification.

Pulping. The nitrocellulose shall then be pulped in fresh water

to which may be added just enough sodium carbonate solution to

presei-ve a slight alkaline reaction to phenolphthalein solution, the

pTOcess to continue until the material is thoroughly and evenly pulpeil

to a satisfactory degree of fineness, and shows a clean break when a

handful is squeezed and broken into parts. During this process the

water shall be changed to such extent as may be necessary- to remove

impurities.

Poaching. After pulping, the nitrocellulose pulp shall be run

to the poachera, settled, and water decanted. The nitrocellulo.se shall

1. A process for the preparation of ".soluble cellulose" has l>een descrilxKl hy
P. Marino (E.P. 74."iO, 1908) in wiiich ordinjiry pyroxylin is introducetl into a mix-
ture of alcoholic solutions containing alM>ut l(y'| (of the weight of the pyroxylin) of

each of the following sul>stances: nmngane.se chloride, ferric sulpliate, and s<Mliun)

ethyl sulphate. The solution is dilute<l with ether or other solvent of pyroxylin

and the pyroxylin is dissolved. A 8aturate<l solution of freshly precipitated ammo-
nium magnesium phosphate is separately prenare<l in a (juantity of sulphuric, phos-

phoric, or other mineral acid equivalent to alxmt 10^; of that of the solvent used
with the pyroxylin. The two .solutions are mixe<l and heate<l at 2.'>° for twelve
hours. The " soluble cellulose," which st>panites on ctx>ling, is drainetl, wjusIuhI

and dried. The mother li(]uors are eolIi»cted .se|)arately, and after dilution with
spirit and neutralization of the mineral acid, they may be utilized for rendering
wood or fabrics non-inflammable.
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then l>e boiled six hours in fresh water, and (hirinR this time a total

of not more than 10 gal. of (•arl)onate of soda solution for each 2,00()

lb. dry nitrocellulo.se may be added at intervals. This solution shall

contain 1 lb. carlx)nate of soda per gallon. During this and all other

Ixjiling in the poachers the pulp shall l)e thoroughly agitated by mechan-
icid stirrers. After boiling the nitrocellulo.se shall l>e allowe<l to settle

and the clc»r wnter decanted jis completely as po.ssible. The tubs

shall then l>e filleil with fresh water, lx)iled two hours, settletl, de<'ante<l,

and refilleil with fresh water. The lx)iling shall be then continue<l

for one hour, and this process repeateil three times, making a total

boiling treatment in the poacher as follows:

Six hours' boiling with or without sotlium carbonate, settle, change

water.

Two hours' boiling, no socla; settle, change water.

One hour lx)iling, no soda; settle, change water. Repeat this one

hour boiling, three more times.

Twelve hours' boiling, five changes water, total.

After boiling, the nitrocellulose shall have ten cold-water washes,

each washing to consist of agitation by mechanical means, for one-half

hour in a sufficient amount of fresh water, thorough settling and decant-

ing clear water; at least 40% of the total contents of the poacher shall

l)e drawn off. A sample shall then be taken for subjection to the

various tests prescribed for nitrocellulose. Should the nitrocellu-

lose fail to meet the required heat test, it must be boiled again with

two changes of water, the time of actual boiling being five hours,

without the use of alkali, and then it must be given ten cold water

washes in the manner describetl for the regular treatment.

Treatment of Cotton Preliminary to Nitration. A large number
of processes have been devi.sed to facilitate the nitrating process by

a preliminary' treatment of the cotton before immersion in the nitrat-

ing fluid. These processes, either intentionally or otherwise, produce

various hydro- and oxy-celluloses, which are more readily attacked

1)\ nitric acid than is normal cellulose. Furthermore, it has been

found possible by preliminaiy treatment to so modify the cellulose,

that the nitrated product therefrom is almost completely soluble in

95% ethyl alcohol, and hence economy in solvent is effected. Wirth *

was the first to call attention to this preliminary treatment by his

patented process in which the cellulose is first obtained in a pulverulent

state (hydrocellulose) either by soaking for some time in sulphuric

1. 1.1'. J.'>19, 1878. See "Impurities Found in Cotton Badly Separated from
Seetl," C. Bcatlic and H. P. iStevens, Paper .Making, 29, 102. They found the

palisade cells, composed of hemicellulose extremely resititant to bleach.
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acid of a specifier! density, or by heating to 100° with water containing

5% sulphuric acid. It was claimed that the conversion of the dry

pulverulent cellulose into pyroxylin could then he carried out by the

use of less acid. Chardonnet * simply heated to 150-170° cotton in the

dry state, the application of the high temperature being intended

to increase tlie solubility of the subsequently fonned pryoxylin. His

process had the advantage that the cotton must have been thoroughly

dried and hence in an unusually receptive state for penetration by the

nitrating fluid. In the Cross method,^ instead of nitrating the fiber

directly, cotton is subjected to the fumes of dry HCl gas for some
hours in a closed chamber, the acid carefully removed by washing,

and the powder when dried immersed in nitric acid oidy, whereby

a gunmiy nitrated substance is fonned, which ma}'' be purified by pre-

cipitating with water and washing. Zinc chloride ^ or caustic alkali,

caibon disulphide and water have been advocated, the latter com-

bination being the well-known viscose. A convenient method of pre-

paring these amorphous degradation products of cellulose is to immerse

cotton in a mixture of 5 parts by weight of 85.5% sulphuric acitl with

3.5-4% concentrated nitric acid to which 2-2.5% water has been added.

The cellulose is mechanically kneaded with the acid mixture, the tem-

perature being kept below 3°. After an hour's time, 100-120 parts

nitric acid of 48° B6. are added, when the nitration is complete in about

fifteen minutes.^ The introduction of carbon dioxide gas with cellulose,

by heating both to a temperature of 150°, is said to so modify the

cellulose structure as to render subsequent nitration much less tedious

and uniform. While previous disintegration of the cellulose fiber

by treatment with sulphuric acid, zinc chloride or other powerful

dehydrating agents, no doubt mechanically renders nitration much
easier, the great point of advantage lies in the facility with which the

acid may be subsequently removed. However, it has been proven

beyond a reasonable doubt that the nitrated hydro- and oxy-cellu-

loses and sulphuric esters decrease very materially the stability of

the cellulose nitrate, and mainly for tliis reason, treatment previous

to nitration is at present not extensively practiced.*

1. E.P. 19560, 1891.
2. Cross, Bevan and Beadle, E.P. 9284, 1892.
3. A. Luck and A. Dumford, E.P. 4769, 1895; cf. E.P. 116, 1904.

4. Patronenfabr. Saxonia, D.R.P. 198284, 1903.

5. See O. Schmidt E.P. 4769, 1895; 116, 19(M; according to E. Nowicki (P.P.

402197, 1909) flax, hemp and ramie, or their wastes, are usetl as raw materials for

nitration in the manufacture of pyroxylin, the fibers being blcacheil and purified

and submitteil to a mechanical preparation to bring them into a suitable state for

the process. It is stated that since tiiesc fillers an? devoid of cuticle, and when
mechanically prepared, their central canals are open at lH>th ends, they are far

mure amenable to the uuiform action of the acid than cottou fibenj. Moreover,
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Teasing. As obtained from the fuctorv', cotton waste ccfntainH

colored threads which must Ije removetl by hand, and often a con-

siderable amount of foreign matter—wood, iron, rubl>er and strings

—as well a« knots and hard lumps. These are removed liy a card-

ing machine, where, by means of a series of iron-teeth rollei-s the fiber

is pulletl out and separated, and the lumps opened up. The apparatus

of J. France ^ is useful for this pur|K)se.

Where short- or long-fil)er cotton is used as the source of cellulose

rather than cotton waste, two methods of separating and picking

are used in the United States, depending on the length of the

Fig. 5.—The Davis & Furber Mixing Picker for Cotton.

cotton fiber. For that length corresponding to " linters " and longer,

the Davis & Furber " Mixing Picker " with pin-feed roll and shell

(see Fig. 5) is the type of machine giving most satisfactory' results.^

In recent years, however, the application of cotton has been greatly

(•\tpii(l<'(l by the gradual use of fibers of shorter length, and for pick-

ing iiuch cottons the " Coggswell Mill " (see Fig. 6) has been the type

the finished product may be compressed to a greater density than nitrated cotton.

If desired, these fibers may be mixed with cotton or other cellulose fibers before

nitration.

1. E.P. 20964, 1889; 5364, 1890.

2. The machine is heavily constructed, consisting of a main cylinder fitted with

special teeth, together with a feeJ apron and roll. The cotton is received by the

feed apron, carrietl to the fee<l roll, the latter holding the stock while the revolv-

ing teeth in the cylinder tear it apart. The cylinder revolving at high spew!

carries the disintegrated cotton around and throws it out at the back of t he-

machine, or into a suction pipe, where it is carried over into the dry house. These

machines, which are of large capacity, open up the cotton in such a manner sl» to

make it fluffy and feathery in appearance.
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widely used, it consiHting of two-ribbed disks revolving at high speed

in opposite directions.^ By means of connection with a Sturtevant

or other suction blower and pipe connection to the dry house, which

is usually located near the picking house, the cotton after passing

through the picking machine is automatically carrietl over to the dr>'

house, where by means of shut-offs located in the carrying pip>es in

the several drying chambers, the cotton may be blown into any dry-

room desired.

Fig. C—The Coggswell Mill for Picking Cotton.

Scouring. Before the cellulose can be considered in fit condi-

tion for nitration, it must be rendered " absorbent "2 by removal of

1. Manufactured by the A. & F. Brown Co., New York city. The mill is run
with two belts, one cross and one straight, which drive the grinding disks in opposite

directions at a speeil of about 2,000 revolutions per minute. AH that is needed
for the successful operation of the mill is a well built, well balanced counter-shaft

for high spee<l, with a friction-clutch pulley for starting the mill up slowly, and
a heavy, immovable foundation, so there will be little or no vibration. When
properly set up, the mill requires no skilled labor to operate. The only adjustment
leedwl is the turning of the tail pin one way of the other as the material may be
wanted, coarser or finer. After tne mill has been running a few months it is good
practice to reverse the belts, thus giving a fresh wear to the grinding surfaces.

The plates are about the only parts which recjuire renewing, and under favorable

conditions may last upward of two years.

2. On the surface of the individual fiber there is a protecting layer of wax
and oily matter, while in the central canal is the drie<l remains of the protoplasmic

material. The object of the boiling out anil scouring proce.s.ses, is, of course, the

removal of these materials. When purified from adhering fatty and wa.\y materials
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the natural occurring vegetable fats and waxes, and thin is liest done

by boiling under pressure in zinc-line<l woo<len vats or kiers with dilute

aqueous smiiiun carbonate (so<ia lUsh) * for several hours, and until

a sample taken out, washe<l, drie<l and extracted vriih ether yields not

more than 1' ,; ether extract.- Whereas raw natund cotton will float

on the surface of water—often for hours without becoming completely

wettetl—a properly scouretl cellulose when thrown into water should

sink within two minutes.

Bleaching. After the alkali from the scouring process has been

entirely eliminated by washing, the coloring matter in the fiber Ls

removed by bleaching,^ usually with calcium hypochlorite * (bleaching

powder). The method of G. J. Atkins * consists in the treatment of cot-

ton with potassium chloride and " oxychloride,"® the claim being made
that the silica Is also remove<iJ The process of bleaching cellulose after

nitration ^ has never passed beyond the stage of patent protection.®

E. Berl and Klaye^'' and Berl and W. Smith,' ^ have studied the influence

of the previous treatment of cellulose, especially bleaching, upon the

properties of the resulting nitrates in the laboratory, and C. Piest ^^

the cotton becomes veiy absorbent, which quality is explained on the supposi-
tion tliat the ripe cotton fiber is made up of a series of tissues of cellulose, separated
by intercellular material, in this way forming a series of capillary surfaces capable
of inducing considerable capillary contraction upon any Uquid m which the fiber

may Ix; immersed.
1. The author's experience is that sodium hydroxide (caustic soda) should

never be used, on account of its energetic action on cellulose. (See Viscose.) Crys-
tallized sodium carlx>nate (lOILO) is often employed on account of its supposedly
milder action. See J. Parcon, Textile Mfr.. 31, 387.

2. According to A. Hertzog (Centrahlb. f. Textile Ind., 1890, 21, 975) the
(tcrman military authorities require a cotton which when treated with ether
yields not over 0.9% fat; when nitrated does not disintegrate; and containing
only traces of chlorine, lime, magnesia, iron and sulphuric and phosphoric acids.

See also "Inspection of Cotton Waste for Manufacture of Guncotton," C. E.
Munroe, J.A.Ci?., 1895, 17, 783.

3. C. Piest (Z. ang. Chem., 1908, 21, 2497), found that bleaching appears to have
a greater effect on the formation of reducing substances than does treatment with
alkali, has determined by the reducing action of Fehling's solution on cotton
(Schwallje, Chem. .\bst., 1907, 1, 1696, 2179), the oxycelluloses giving lower nitra-

tion prwiucts than cellulose under similar conditions.

4. Where bleaching powder has l)een used, it is exceedingly difficult to wash
out all traces of chlorine, a minute trace of which may cause the nitrated cotton
to turn slightly acid after drying.

5. E.P. 7058, 1903.

6. Prepared according to E.P. 5.596, 1901.

7. Removal of silica by digestion with hydrofluoric acid is never resorted to
commercially.

8. f J. M. Mowbray, VS.V. 349658, 1886, the pyroxylin being decolorized by a
hydrochloric acid acidified solution of oxalic acid.

9. For stnicture of cotton fiber as affected by bleaching see Geo. Witz, Bull.

Soc. Ind., Rouen, 188;}, 10, 416; Nastjukow, Bull. Mulh., 1892, 493; R. IlHllor.

Z. Farb. Ind., 1907, fi, 125.

10. JJS.C.I., 1907,26, 1157.

11. Z. ges. Schiess- u. Sprengstoffw., 1909, 81.

12. Z. ang. Chem., 190f), 22, 1215.
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hjis repeated and corroborated their work commercially. Cbtton

was subjected to the following treatments: (1) Bleaching for forty-

eight hours in bleaching powder solution of 3-5° B6; (2) and (3),

bleaching for eight days in solutions prepared by mixing 2-5 k. and

5 k. respectively of bleaching powder with 5 1. of water; (4),

mercerization by treatment with 18.5% caustic soda lye for twenty

minutes; (5), heating for ten hours at 150° in a current of carbon

dioxide. 1 The results obtained showed that with a given nitrating

acid and temperature of nitration the nitrocellulose prepared from

strongly bleached cotton has a somewhat lower nitrogen content

and a considerably higher solubility in ether-alcohol than that

prepared from ordinary cotton. The solubility of the nitro-

compound in absolute alcohol increases as the cotton is more

strongly bleached. Nitrocellulose from strongly bleached cotton

is more difficult to stabilize than that from ordinary cotton. The

stabilized nitrocellulose is more soluble in ether-alcohol than the

non-stabilized product. Nitrocellulose from mercerized cotton has a

slightly lower nitrogen content, a much higher solubility in ether-

alcohol, about the same solubility in absolute alcohol, and is more

difficult to stabilize than that from ordinary cotton. Nitrocellulo.se

prepared from cotton which has been heated in a current of carbon

dioxide has a slightly higher nitrogen content, about the same solubil-

ity in absolute alcohol and in ether-alcohol, and is more difficult to

stabilize than that from ordinary cotton. O. Guttmann,^ has made
experiments during a period of two years with samples of cotton,

from English and German sources, the history of which was known,

from their obtainment from the cotton-spinning works to the finished,

and in some cases, stored nitrocellulose. Some of the samples of

cotton were unbleached, others had been strongly bleached with bleach-

ing powder; and some were highly contaminated with dust, etc.

The results obtained confirm those of Pie.st, namely, that the stronger

the degree of bleaching of the cotton, that is, the higher the content

of oxycellulose, the more difficult it is to stabilize the nitrocellulose

obtained therefrom, and the more soluble is the nitro-derivative in

ether-alcohol, and in addition the solution has a lower viscosity.

Drying.^ One method is to place the cotton in a large steam-

jacketed iron cylinder, steam being made to circulate in the surroiuid-

1. D.R.P. 199885, 1908; abst. J.S.C.I., 1908, 27, 937.

2. Z. ang. Chem., 1909, 22, 1717.

3. The object of the removal of moisture is to prevent dihition of the nitrat-

ing fluid. Damp cotton nitrates much faster, is more difficult to control, fumes
more readily, the yield is decreased due to solution in the nitrating acid, the spent
acid is further diluted by the water in the cotton, and the finislicil product forms
a more fluid solution.
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ing jacket, the temperature of the inner chamber being from 70-90°.

Circulation of air is maintained l)y means of a compressed-air reservoir,

Hiid enters the cylinder from the iKJttom. From the 7-10% moisture

present in the raw cotton at the end of five or six hours, this shouUl

be reduced to not over 0.6%.* Or the cotton may be placed in large

rooms on wire screens heated from below by series of steam pipes,

a slow current of^<lrietl air behig passed under the shelves and through

the cotton. As soon as the drying process has been completed the

lieut is preferably either continued until the cotton is to be used or the

;hHrges are weigheil out into milk cans or other suitable receptacles,

covers clamped air-tight and allowed to cool.2

Acids used in Nitration. The nitric ^ and sulphuric acids univer-

sally employed are commercial products of a high degree of purity.

The sulphuric acid must be reasonably free from lead, and the nitric

acid contain no hydrochloric acid. It is also important that they

should contain no solid impurities which might adhere to the nitro-

cotton, and which would interfere with the subsequent recoverj' of

the waste acid or lower the stability. In recent years it has been

possible to obtain at a reasonable cost Nordhausen fuming sulphuric

acid, often called " oleum," and its use has enabled a larger propor-

tion of spent acid to be revivifietl economically than was possible

when the strongest commercial sulphuric acid was of 63° or 66° B6.

strength. Whereas formerly it was the custom to purchase acids of

a certain strength, and mix them in the desired proportion, discarding

the spent acid, now the system is being adopted of mixing large quan-

tities in steel or cast-iron tanks ( "acid eggs ")* analyzing the mix-

1

.

A weighed sample shouki then be taken from the top of the cylinder and the
moisture determined by drying in a water bath at 98-100°, for one hour and
re-weighing. For description of suitable apparatus see Sanford, " Nitro-explosives,"
5«>.

2. During the cooling, which requires from four to six hours—dep>ending on the
size of the charge—the cotton often re-absorbs about 0.5% moisture, thus making
alnntt 1% in the cotton just Ix^fore nitration.

3. For action of nitric acid on cellulose see H. de Mosenthal, J.S.C.I., 1904, 23,
2!i'_V

1 Siiposchnikoff (J. Russ. Phvs. Chem. Soc., 1904, .%, 669; Z. physik. Chem.,
luo.'>, .'»1, 609) has studied the l>enavior of mixtures of sulphuric and nitric acids.
He finds that addition of water to mixtures containing less tlian about 60% of
sulphuric acid causes a diminution in the vapor pressure, the effect lieing less as
the percentage of sulphuric acid is increased. With mixtures containing more
than 60% of sulphuric acid, however, addition of water causes an increase of vajwr
pressure. This is due to the fact that with high percentages of sulphuric acid
some of the nitric acid is dehydrated to nitric anhydride, which, on the addition
of water, is again converted into nitric acid. Also that a satisfactory acid mix-
ture for nitration purposes must fulfill two requirements. It must contain sufficient

nitric acid to give the desired reaction-velocity and degree of nitration; and its

properties must l>e not appreciably alt<^red by the water separatcil during the nitra-
tion. Mixtures which best answer the first condition, nave, however, the dis-

advantage that the volume-concentration of the nitric acid is strongly diminished
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ture, and adjusting the composition by the addition of nitric or sul-

phuric acids, to obtain the desired percentage composition. The
nitrating acid consists of the maximum of waste acid, which can be

used and still be built up to the desired percentages of HNO3 and

H2SO4, In the preparation of the lower forms of the cellulose nitrates

the water is always increased in the nitrating mixture above that

required for gimcotton.

The nitrating acids are usually stored and transported in iron

drums or tank cars. It has been found that the concentration of the

sulphuric acid mu.st not be much below a sp.gr. of 1.60, or the iron is

attacked, hydrogen evolved and the acid decomposed. Mowbray's

claim ^ for the use of Bessemer steel tanks as being superior on account

of insolubility in sulphuric and nitric acid has not received general

acceptance. Iron is brought into the passive state by concentrated

nitric acid, which, therefore, has but very little dissolving effect on it.

Direct Dipping Process. The following description of this

process is that of Sir F. Nathan.^ The installation consists of parallel

double rows of long iron tanks known as " coolers." Iron pots termed
" dippers " in which nitration is carried out stand in the coolers, 62

to each cooler. Sliding wooden covers rest on the coolers to guide

the fumes from the dippers into earthenware pipes with openings

at intervals, through which they are drawn by exhaust fans. The
mixed acid, either cooled or warmed as necessary, is carried by lead

pipes placed between each row of coolers, and is supplied to the dip-

pers through earthenware cocks at intervals.

Nitration . The water in the coolers is kept at 15°. The dippers,

having been placed in position in the coolers, are each filletl with

127 lb. of mixed acid by measurement, from the acid taps. 4.V lb. of

cotton waste are steeped in each dipper. To minimize decomposi-

tions each charge of cotton waste is added in about ten in.stallments.

The wooden covers are only removed to allow steeping to be done,

and are then at once replaced. The temperatures of nitration are:

Initial temperature of mixed acid, 15°; maximum after steeping,

by addition of water. A mixture must therefore be chosen which has a vapor
pressure less than the maximum, but which will Iwar an addition of water without
notable alteration. In the case of mixtures containing a relatively high percentage
of sulphuric acid, an addition of water must be made in onler to prevent dehydra-
tion of the nitric acid, with formation of nitric anhydride. The composition of

acid mixtures for nitrating purposes may be varie<I within wide limits, but the author
considers that for the preparation of high nitrated guncotton, the Iwst results will,

in general, be obtained with mixtures of nitric acid of sp.gr. 1.4S with from 65-75%
of sulphuric acid. Probably the most suitable mixture is nitric acid, 24.29%;
.sulphuric acid, 65.80%; and water, 9.91%.

1. U.S.P. 350498, 1886. See Fig. 7.

2. J.S.C.I., 1909, 28, 181.
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25°; temperature at end of nitration, 20°. The duration of the nitra-

tion varies according to the output recjuired from the pUmt. One,

two, or three shifts may J>e worketl per twenty-four hours, an<l the

time of nitration may therefore be twenty-four, twelve, or eight hours"

respectively.

The average composition of the mixed acid for a twelve hours'

immersion is as follows: Sulphuric acid, 75.0';'^; nitric acid, 15.75','
;

nitrous acid, l.SO'^i ; water, 7.95%. For an eight hours' inmiersion

a higher percentage of nitric acid and lesswat€ris used; for a twenty-

four hours' immersion less nitric and more water. The average com-

position of the waste acid for a twelve hours' inmiersion is: Sulphuric

acid, 77.8* <'; nitric acid, 11.0'^t; nitrous acid, 1.5%: water, 9.7%.

Recovering the Waste Acid. When the nitration is complete,

the " dippers," coveretl with light aluminum lids, are placed on bar-

rows, wheeled to the centrifugals, situated at the end of the " coolers,"

and the whole contents tilted out into the centrifugal. Four dippers

are loaded into each centrifugal, and the guncotton having been

uniformly spread round the basket, the centrifugal is run for six

minutes, to remove waste acid. At the end of that time about 1 lb.

of waste acid is still adhering to each pound of guncotton. The cen-

trifugal cover, made of light aluminum, is not fixed to the centrif-

ugal in any way, so that as little resistance as possible may be offeretl

when there is a decomposition. This is the usual arrangement in the

case of acid centrifugals. The cone of the centrifugal projects through

a circular opening in the center of the lid and is covered by a small

loose aluminum box. Small holes are cut in the sides of this box,

and are of ser\'ice in warning the workmen when there is a decomposi-

tion, as fumes are generally seen to issue there first.

Drowniiifi the Guncotton. When the waste acid has been removed

the guncotton is quickly lifted out of the centrifugals and throwii

under the revolving paddles of the drowning tanks, which imme-

diately immerse it. The men who do the discharging are provided

with rubber gloves and wear thick flannel hoods,, which completely

cover the head, amis, and breast. The hoods are fitteil with strong

glass windows, and are connected by light rubber tubing to a supply

of pure compressed air.

Prewashinfj. After a given quantity of gimcotton has been drownetl,

the water in the tanks is run off and the guncotton thrown onto drain-

ing tables forming part of the drowning tank. It is then loadeil into

the prewa-shing centrifugals, the acid water wrung out, and washed

for a few minutes with cold water from a hose, to remove adhering

acid. Ntj >pecial precautious, however, are taken to remove all
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acid at this stage. The bulk of the water having been removed,

the guncotton is loaded from the centrifugals into bogies, and con-

veyed to the boiling house.

The 62 dippers in each cooler fonn a "charge." Plight charges

are worked by each shift. The yield is 159% of dry guncotton on the

dry carded cotton. The output per shift consisting of seventeen

men is, therefore: 4.5X 159X 62 X<S-^ 100 =3549 lb.

Nitration of Cotton by Hand. One at least, of the large pyrox-

ylin manufacturers in the United States nitrates by hand a special

grade of cotton which produces a very superior pyroxylin adapted

for lacquers and bronzing liquids. Whether due to intentional mis-

representation to cover " secret processes " or a deficiency of intimate

knowledge of the several steps involved, a large number, if not the

majority of the recipes and methods to be found in text-books and the

technical literature for preparing a nitrocotton best suited to this class

of work are either directly misleading in some essential step, or else

the methods of manipulation described are vague and lacking in detail.

Aside from the interest attached to the method about to be described

from the fact that the ester so produced has for many years answered

the requirements of an exacting trade as to clearness, elasticity and

strength, the details represent the successive steps in a commercial

process in which there have been no recent essential chang&s, and

in which, therefore, the nitrocotton produced has stootl the test of

time as regards commercial acceptability.^

That grade of medium-fiber Southern cotton known as Memphis

Star is used in the unbleached state, the cotton being twice scoureil.

The first treatment consists in steaming in a 3' t (calculated on the

weight of cotton) solution of sodium carbonate crystals (washing

soda 2) for six hours in zinc-lined wooden vats, with tightly fitting

1. Of the many methods for the preparation of pyroxylin to be found in the
literature, the very great differences from each other both in composition of acid
and method of procedure, make it (juite a hopeless tjisk to one of out little exper-
ience to select a method which will produce a given prcnluct. The lack of explicit

information as to the condition of the cotton, temperature of nitration, duration
of the operation, how to overcome the exigencies that are apt to arise during the
|)rogresa of the process, yields, nitrogen content and solubilitv in a given solvent,
reixlcr a great numl)er of published methods incomplete, or of little value. Perhaps
in no other series of industries are the factory details more carefully guarded
than in the industrial preparation of cellulose nitrate compovmds.

Memphis Star is an upland cotton, and its fil)ers are very soft, moist, and elastic,

of light creamy-white color. This color is partially lost during scouring and nitni-

tion. The staple is short and the twist inferior to other gmdes, the straight, riblwn-
like filaments Iwing cjuite numerous. The cotton is canle<l but not bleached or
scoured. It contains considerable half and three-«|uartcrs ripe filxr, which in

extremely thin and transparent, distributed throughout the bulk of the patt^^m.
2. It has Iwen repeatedly as.sert^^'l that factory experience apparently shows

that crystallized sodium carbonate (N'ajt'O,, lOlI-O) exerts a less drastic action
on the cotton filament than the anhydrous form (soda ash) of i»odium carbon-
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ziiK-Iinetl covers. At the end of this pericxl the cotton is washetl with

water until the alkali has been practically removed, when the opera-

lion is repeate<l. This time the steam is kept on for ten hours, and

the amount of so<lium carlwnate reduced to 2' (. The final washing

i> (iHitinueil until the cotton is neutral, the wash water being clarifietl

by passing through large sponge or sand filters. Scouretl in this

manner^ drio<J cottA>n seldom gives more than 0.28*Jc ether extract.

Although in appearance cotton preparetl in this manner is not as white

as when bleached, the treatment results in but little change of the

cellulose molecule.

The nitration is conducted in 5 gal. stoneware pots with tightly

fitting lids in the top of which has been bored a ^ inch hole for the

escape of any fumes, and which also serves to warn the workmen of

tlio coinniencement of burning or "fuming" of a "batch." The
• tit toll is (lrie<l at 105° until no further loss in weight occurs, a 2^ Av. lb.

liiarge placetl in air-tight containers similar to milk cans with rublxjr

gaskets, and kept in a room at 35-40° until reatly for use. The charge

of 2.1 U.S. gal. of nitrating mixture at a temperature of 56° is run

into each pot, the latter having previously been placed in a water

bath consisting of a wooden vat with perforated bottom and heated

by .steam. The acid mixture consists of 85.1-85.2% total acids, of

which 56% is sulphuric acid, leaving 29.1-29.2% nitric acid and

1 1 s 14.9% water. The cotton in .small portions is immersed in the

acid In- means of aluminum forks, the handles of which are rubber

covereil to better prevent slipping. The heat of reaction from

immersion of the cotton causes the contents of the nitrating pots

to rise about S-9° above the entering temperature of 56°. After

thoroughly stirring the cotton into the acid, the false bottom of the

wat^r bath is raised until the pots are entirely out of the water, where

they remain until the temperature has subsided to 56° again, which

usually requires about an hour. During this first hour the cotton

is stirred only enough to guard against local overheating '. At the

ate. The autlior has wondered if the small amounts of hydroxide sometimes found
in commercial soda ash could account for the alwve belief.

1. Whenever red fumes are ob.serve<l during the nitration process, the mas-s

in the pots mu>«t be carefully but very thorouRhly stirred. During the entire

process the cotton must l>e .stirred no more than aljsolutely necessary, for stirring

disintegrates the fiber, and causes loss in washing. One of the mnin points in favor

of the Thomson displacement process is the fact that the cotton is not brc)ken

during nitration, ancl hence larger yields are obtained. If it is desired to make the

cotton more fluid, the initial nitration temperature may be raised to 58° or 59",

and if this does not have the desirc<l effect, instead of allowing the pots to cool

to 56° in the air as in the original process, they may Ixj placeil in the water l>ath at

once. It is the first temperature that governs most strongly the pro.luction of a
fluid nitrocotton. From the action of the first batch in the nitration mixture

subsetiuciu batches can be modi fie I. Three men nitrate 65 pots in one working
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end of six hours' immereion the nitration is considered complete.

The contents of the crocks are dumped into a centrifugal, the acid

extracted and the cotton " drowned " by plunging into a large volume

of cold water in the usual manner. Neutralization is effected by boil-

ing alone, and without the addition of alkali.^ The nitrocotton is

pulped, and dried on cloth screens, by means of a current of filtered

dry air which enters so as to pass through the nitrocotton from the

bottom upward. The ceiling and walls of the dry-house are plastered,

the cement floor being covered with linoleum or rubber.^ The work-

men wear sewed rawhide sandals. The temperature is automatically

regulated between 30-35°. Usually three days are required for dry-

ing, the moisture being about 22% as the nitrocotton leaves the hydro-

extractor. The nitrogen per cent is within the limits 12.65-12.75,

usually nearer 12.65%.^ The nitrocotton is above 98% soluble in

ether-alcohol, above 96% soluble in a mixture of amyl acetate 60 (by

volume) and benzine 62° B^., 40, this latter solvent mixture being of

much more importance in the lacquer industry than ether-alcohol, the

latter solvent being seldom used. The viscosity * is governed in the

nitrating pots largely by the following observations:

day of ten hours. In nitrating, if it is found that the physical condition of the
pyroxylin will stand it, the temperature of the water hath is raised from 55° up
to as high as 65°, this rise tending to increase the fluidity and clearness of the pyrox-
ylin when dissolved, but at the same time slightly decreasing the yield. Notwith-
standing theory to the contrary, it is the observation of the nitrating workmen
that on damp, heavy, foggy days, the nitric acid in the nitrating fluid decomposes
more readily; the nitrocotton tenders more easily in the pots and recjuires more
careful attention to preserve the yield. The value of sulphuric acid is not, as has
often been assumed, due merely to its power of combining with water formod
during the reaction, but also perhaps to the formation of sulphuric acid esters,

subsequently converted into nitric esters. The longer then, within reasonable
limits, the cotton is left in contact with the acids, the more complete prolmbly
will be the conversion into nitric acid esters. The sulphuric esters according to
this view, therefore, are merely transition bodies.

1. In corroboration of the experience of others, it has been found that when
alkali is omitted, the pyroxylin requires fewer washings for neutrality, and gives
longer stability tests.

2. To prevent vermin from entering the building, and the impalpable pyrox-
ylin dust collecting in cracks.

;^. At this particular works a large number of experiments have been under-
taken to determine the reason why a pyroxylin solution once filtered will, or will

not, deposit from 1-6% solid matter (lower cellulose nitrates) upon standing in

solution in daylight. Careful comparisons of nitration fonnula, viscosity, original

solubility and percerttage of nitrogen have not resulted in conclusive results. It

is not a matter of room temjjerature and is a subject of considerable moment to
manufacturers of lacquers, photographic films and artificial silks. Pyroxylin
intended for artificial leather and the less expensive bronzing fluids is never dried,

but hydroextracted either in centrifugals or hydraulic presses, and the remainder
of the moisture removed by displacement with a pyroxylin non-sulvcnt iis dena-
tured ethvl alcohol or the lower fractions of fusel oil.

4. A desired viscosity is obtained by blending pyroxylins of h viscosity higher
and lower than that re(juire<l. The viscosity factor' is an arbitrary numl>cr
tised, and obtained by taking the grams of pyroxylin |)cr hundred cc. in a givcu
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(1) If the first pot nitrated tenders too much, as indicated by the
" feel " with the stirring rml, the viscosity will he too low, and subtic-

quent batches are to be put in at a slightly lower temperature, per-

haps 53-54°.

(2) If the cotton falls t(f the bottom of the nitrating fluid, feels

harsh, and but little chemical action is evident, the acid is probably

deficient in nitric acid, and a higher temperature of immersion must

be taken, or the nitrocotton will have a high viscosity and in the major-

ity of cases a high insoluble residue in amyl acetate-l>enzine.

(3) If the cotton hi the nitrating acid floats to the top (heaves),

buoyed up by the nitric oxide fumes evolved, this indicates a slight

excess of nitric acid. Such a batch must be watched closely and
stirreti at frequent intervals to prevent fuming.

(4) If the cotton in the nitrating bath feels soft ("mushy") the

sulphuric acid is evidently in excess, and if the heat of reaction does

not give the normal rise,i the jdeld will be poor, and probably contain

much insoluble matter.

WhUe the length of time is stated as six hours' immersion, clunatic

conditions and the humidity of the atmosphere apparently makes

a difference in the nitration time, and irrespective of the length of

immersion the batches are considered finished when they have a

certain softness or " feel " to the workmen when the batch is stirred

with a fork. Large yields are not sought, but rather fluidity and

solubility in the nitrocotton is the first consideration. Something

in the way of yield must be sacrificed in order to obtain high fluidity,

because the higher temp)eratures required to obtain a desired viscosity

always cause an appreciable loss of nitrated cotton, not only from pass-

ing into solution in the reacting mixture, but also in the subsequent

washings, especially after having been pulped.

The dried product is tested for its suitability for certain classes

of lacquers and bronzing fluids, by dissolving 1 gm. in 60 cc. amyl

acetate and 40 cc. benzine.^ The following observations of the solu-

solvent combination and multiplying by the time required to pass through the
orifice of the viscosimeter.

1. It retjuires ordinarily about fifteen minutes to attain the maximum rise,

and an additional thirty minutes for the temperature to return to that of the nitrat-

ing acid before cotton immersion.
2. The pyroxylin is first moistened with 30 cc. amyl acetate and after having

l)een stirrea untU homogeneous, is diluted with the Lmlauce of the solvent, pre-
viously mixed. In this manner much more rapid solution is effected than by
the addition of 100 cc. of the above mixture at one time; benzine, it will be remem-
liered, is a non-solvent of any form of cellulose nitrate, being used only because
it is the cheapest commercial anhydrous fluid. Cellulose nitrates may l)e more solu-

ble in amyl acetate than in the above mixed solvent, but the latter is usetl l>ecausc

it approximates the formulas used in manufacture. .\ pyroxylin which entirely

dissolves in lx)th amyl acetate and amyl acetate-l)enzinc 60 to 40, will have an
appreciably higher viscoiiity in the latter solvent mixture.
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tion 80 formed have been found generally true for the specific nitrat-

ing formula given above.*

If the solution in amyl acetate-benzine is:

(1) Thin and turbid, the total percentage of nitric and sulphuric

acid was too low, that is, there was too much water present during

nitration.

(2) Heavy and turbid, the temperature of the nitrating acids

was too low at the time of immersion, or the cotton was not thoroughly

stirred therein, probably the former.

(3) Thin and clear, yield alwut 140-144% (calculated on the

weight of the cotton as dried at 105°) ; all nitrating factore right.

(4) Heavy and clear. Nitric acid high, sulphuric acid low; tem-

perature low, nitration process fully six hours, cotton floated to top

of batch during nitration period and required careful attention.

It is evident that a certain amount of skill and cleverness embraced

in the word "experience" is necessary for the success of any technical

process, and esi)e('iHlly in a process of nitration which introduces

several variables. But it is not too nmch to state that careful atten-

tion to the details as above enumerated in the hands of a person of

moderate experience will enable that person to continually produce

a nitrocotton especially adapted to the preparation of modem pyrox-

ylin lacquers.

Nitration by Centrifugals. Nitration of cotton was originally

carried on in iron dijjping j)ans, fresh acid being added from time

to time, and after squeezing out the bulk of the acid, the cotton was

transferred to earthenware pots to complete the nitrating process.

Later on the charge of cotton was increased by the use of larger pots

or cast-iron pans holding up to 10 k. of cotton, the process being

carried out with carefully prepared acid mixtures, which were fortified,

as at present, by the addition of stronger acids. In 1890 Chardonnet

patented the process ^ of placing the nitrated cotton in a centrifugal

in order to obtain the maximum of spent acids, this being the first

definite application of the centrifuge to the nitration of cotton. Kron^

made some mechanical improvements on Chanlonnet's method, but

1. These generalizations arc mean results obtained from testing each day's
prxxluct for solubility during many months, and in connretion with the daily

reports from the nitrating house as to the deportment of the cotton in the nitrat-

ing acid. Where the nitric oxides are in excess in the nitrating mixture, a highoi

rise in temperature than usual occurs when the cotton is first immerseil; incipient

decomposition of the nitric acid is more liable to (iccur (i.e. the sf)ent acid is

unusually weak); the temperature falls more (|uickly after the nuixinunn has Ikh^u

reached; the time of immersion is dwreastnl; and more attention by the workmen is

required to prevent fuming and lo pres<Tve the normal vie]''

2. E.P. .WTtt. 1S5M); ab.st. J.S.C.I., 1.S1H, 10. :>«»6.

3. E.P. 13612, IS'.U; al).st. J.S.C.I., 1S«»1 !(, lOJ'.;.
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it remaineti for Selwig and Lange in 1S91 » to combine the nitrating

and squeezing of the spent acid in one and the same receptacle, a

centrifuge. Their original apparatus consiste<l of a perforated revolv-

ing ba^sket insitle the nitrating shell, the cotton l>eing converted in

the machine, after which the mixed acid was allowetl to run off, the

remainder Ijeing removed by the centrifugal action. The nitrocotton

was then immttljtilely taken out and immersed in a large volume of

running water.' L. Morane^ has devised a method in which the cot-

ton is nitrated in a slowly revolving drum, the speed of rotation being

after\\-ards increased so that the acid is forced through a perforate<l

casing, up helical partitions in the drum, where the acid flows over

the cotton again. By this device the cotton avoids contact with the

air during nitration, and so prevents the escape of fumes and the absorp-

tion of moisture by the nitrated cotton while still saturated with the

acids.^ This idea of " acid circulation " has been extended by Johannes

Selwig,'^ the best known patterns being those manufactured by Sel-

wig & Lange, of Brunswick, (Jemiany.

The principal feature of this firm's nitrating centrifugals consists

in the combination of the nitrating apparatus with the centrifugal.

The latest and most improved construction of this new centrif-

ugal (Figs. 7 and 8) is an acitl circulation device, by means of which

the entire quantity of acid contained in the centrifugal, and not that

containe<l in the drum only, works on the substance to be impregnated

and participates ui the nitrating process. It is worked from under-

neath and with a firmly fixed spindle, whose drum d, and also, at the

same time, the iron casing surrounding it, can be filled with acid

without the bearing of the spindle coming mto contact with the same.

The acid is letl off, after the nitrating process is completed, by a special

escape-cock h, made of stoneware, or by a valve made of steel casting.

A second and smaller escape-<'ock k permits the acid in the cen-

trifugal to be collected separately by itself. For the purpose of the

circulation of the acid, the midtlle hollow part of the drum, the so-called

drum-cone t, is providetl with a large number of perforations, and

lengthened downward in the fonn of a ring. Above the lx)ttom of

the casing, and at a small distance from it, lies a second ring r, whose

1. E.P. 10747, 1891; abst. J.S.C.I., 1892, 11, 635.

2. Selwig obtained patent protection (E.P. 6409, 1903) for a combination of

nitrating and washing apparatus, where the nitrocotton was wa.she<l with steam
after nitration, without i)eing removed from the centrifugal. It is not used in the

United States to the author's knowleilge.

3. E.V.24'A\\, WM.
4. See E.P. 3177, 1902, J. B. .Mliott.

5. U -HP. 764776, 190i; E.P.640'.», 1903; 7511,26666, 1904; 23920, 1905; F.P.

342602, 1904.
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outside edge reaches almost to the side of the casing, while it.s inner

nearly touches the extension of the drum-cone already mentioned

above.

There is, therefore, by this arrangement, a direct connection between

the interior of the drum-cone and the outside part of the inner chamber

Fig. 7.—Selwig & Lange Nitrating Centrifugal, with " Acid Circulation."

{Side view.)

of the casing. If the centrifugal is now filled to a certain height with

acid, and the drum put into rotation slowly (from 24-30 revolutions

per minute), then the acid participates in the motion, its surface,

while sinking in the middle of the driun, rises at the edge of the casing,

Fia. 8.—Selwig & Lange Nitrating Centrifugal, with " Acid Circulation."

{Top view.)

where, therefore, a higher pressure of the acid exists than that in the

middle of the centrifugal. This high pressure is now transmittal to

the hollow chamber of the drum-cone, and causes the acid to flow

through the holes of the cone into the drum, where a lower pressure
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exists. The acid now flows through the suhstance under treatment in

a rmlial direction, making its exit through the |)erforate<l walls of the

dnun into the outwanl chtunlier of the cjusing, from where it flows

back again, under the floor r, into the interior of the drum-cone.

According to this, the acid circulates through the cotton or other

suh.stance as long as the dnmi continues in rotation.

The centrifvigal can lie made to move (juickly or .slow^ly as desired,

by putting one or other of the tw^o loose pulleys—which are arranged

on the transmi.s.sion shafting at lx)th sides of the fixed pulley, and

which run at diff"erent speeiLs—on to the fixed pulley, the quick-

running pulley being then driven by the principal tran.smi.ssion, the

slow-moving pulley by a slow-moving interme<liate transmission.

In order to exhaust the nitric acid vapors during the process,

and to throw off the material undergoing treatment, the centrifugal

is connected with a stoneware exhauster by means of the support

o and the collecting-pot for conden.sed acid n arranged near it. This

conv('\s the vapors to the chimney or to a condensation appliance.

From the above details, it will be seen that by means of the acid-

circulating appliance an uninterrupted intimate mixture of the acid

is effected, and in such a manner that at a certain fixed moment acid

of the same composition and with the same temperature can be

made to penetrate throughout the material under treatment. When,

therefore, proper raw material of a regular texture Ls used, a nitrated

product is obtained which possesses great uniformity and appro.x-

imately the same chemical and physical characteristics.

In the older form of nitrating centrifugals, the cast-iron bottom

of the centrifugal was also the bottom of the vessel containing the

acid, a construction which hindered the work and rendered frequent

repairs necessary, for the cast-iron could not resist the effects of the

acid for any lengthened period. The new type of centrifugal built

by Selwig & I^nge is provided with patent -mcid-holders ^ which are

made entirely of steel plate, so that the acid cannot come in contact

with ca.st iron at any part.

At the lowest point of the oblique bottom the escape q is fixed,

the pressed conical interior of the bottom surrounds the conical upper

part t of the cast-iron bearing, and the angle-iron riveted on to the

l)ottom of the holder rests on the under frame, to which it is firmly

held by means of a few clamp screws. When these are looseneil and

the conduction pipes screwed off, the entire holder can be easily taken

down. In case, therefore, an acid-holder becomes defective, it can

l)e easily and conveniently removed for repairs and its place supplied

1. D.R.P. 108852, 174576, 1906.
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by a reserve holder. Another advantage consists in the fact that

air, which enters through a few holes on the angle-ring fixed on the

bottom of the holder, can be sucked through the intermetliate cham-

ber between the upper conical part / of the bearing and the conical

inner part of the holder. The spindle l>earing is thereby well cooled

and ventilated and withdrawn com-

pletely from the influence of the

acid vapors.

Another improvement in ni-

trating centrifugals consi.sts in the

automatic cotton-steeping appliance

(Fig. 9) inventeil by H. Wolfshohl,

Spandau, near Berlin,^ first pat-

ented in England in 1905, the cor-

responding French patent being

No. 859625 of the same year.

It has been used to some ex-

tent in the United States, and ap-

parently v^ith satisfaction. It is

claimed by the inventor that its iLse

materially reduces the volume of

nitrogen oxide fumes. (In this con-

nection see Selwig & Lange, E P.

11929, 1900; F.P. 213983, 1891.)

Up to the present the usual

method of feeding the nitrating

centrifugal consisteil in one work-

man throwing the material in

small quantities into a drum which

is filled with acid, the drum ro-

tating slowly all the time, while

Fig. 9.—Wolfshohl Automatic Cotton
Steeping Appliance for Nitration, by
means of which the service of one
workman may Ix) dispensed with,

the volume <jf Cotton Nitrated per
day and its Quality being Unaffected.
The manufacturers also claim that
the ({uality of nitro-cotton produced
is more uniform both in nitrogen
content and solubility.

another workman pushed the sub-

stance under the acid by means of a fork. This method, which is

somewhat inconvenient, has been considerably simplified by means
of Wolfshohl's patent, and to such an extent that the second work-

man is usually unnecessary.

The apparatus is made entirely of aluminum .^ and consists of an

obli(}ue holder h, fixed on the cover of the centrifugal by means of a

hinged sheet-metal flap i, which, filling up the space between the cone

1. E.P. 23920, 1905.

2. According to Deville, Wurtz, Hunt, Langley and Roscoe (Bull, do la Soc.
Ind. de Rouen, 1891, 232) aluminum is entirely unaffected by nitric and sulphuric
acids, and this is borne out by the author's experience.
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ot the (Inim and the casing of the same, dips almost entirely into the

acid contained in the drum. Hy means of a spring rod y, which i«

connected by a joint to the support e, the flap i, which pendeb round

the upper horizontal edge, is i)r<«8ed downward, but in such a man-
ner, however, that it can come out somewhat above when pressed

from l)elow. In the drum itself is a horizontal tappet of flat aluminum
fixetl between th« cone and the mantle.

liefore conmiencing to feetl the centrifugal, the steeping apparatus

is fi.ved on the cover of the centrifugal by means of a pressure screw,

and the drum then made to rotate slowly (24-30 revolutions per minute),

and in such a direction that its contents move against the under sur-

face of the flap I, The cotton or other substance is now thrown into

the acid, in front of the apparatus, but not in verj' large quantities.

Tiie contents of the drum are made to partake of the movement by
means of the tappet, so that when the cotton is thrown in, it also rotates.

As soon as it comes to the oblique holder h and the flap i it is carried

right through under both by the strength of the current of the acid,

and is therefore thoroughly steeped in the same. The drum is fetl

until it contains a sufficient quantity of material, whereupon, by
loosening the rod g from the flap, the whole steeping-arrangement

• an lie taken off, and placed into a stoneware pot near the centrif-

ugal, where it remains when not in use.*

Selwig & Lange have recently patented 2 an arrangement for

feeding paper into the nitrating vessels. The apparatus consists of

a vertical stem suspended from a traveling carriage, which can l)e

adjuste<l over any of the nitrating vessels. At the lower end of the

<\ou\ i.s situated a reel of paper, the paper from which passes over

a guide roll and between a pair of drawing rolls also carried by the

stem. The drawing rolls are operated by means of a belt driven by

an electric motor mounted at the upper end of the vertical stem. An
oscillatory motion may be imparted to the stem if desired.

1 . Acconling to their circular the Selwig & Lange's nitrating centrifugals are sup-
plier! in the following sizes:

No
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In the acid circulation centrifugals of Sehvig & Lange the same
acid is re-pumped over the nitrated cotton. In order to eliminate

decrease in strength of the mixed acids during the process, a method

has been patented * where the acids are either partially or completely

renewed, continuous circulation being employed. The nitrating

acid thus remains of a definite composition throughout all stages of

the conversion.

The Thomson Displacement Process of cotton nitration,

devised by J. M. Thomson and W. T. Thom.son, is designed for the

nitration of cotton for a wide variety of uses. In England, where

the process was perfected and first patented in 1903,2 so-called " gim-

Fio. 10.—Thomson Displacement Apparatus for Cotton Nitration. (Sectional

elev.ation.) n, tank; b, false bottom; c', ribs; d, drainage outlet: e, grid;

/, troughs; g, aprons; h, h', pipe and branches to troughs/; I, water supply
pipe; m, piix; leading from nitrating acids; o, perforations in trough; p, cock
to remove spent acid.

cotton proper "—those cellulose nitrates of highest nitration and

insoluble in ether-alcohol with nitrogen content of around 13.5%,

and intended for blasting gelatin and torpetlo work—having been

used exclusively in England at Waltham Abbey since August, 1905.

In the United States this process was first tried on an exj)erimental

scale in February, 190S, actual production being commenced some three

weeks later, at the Government Picatinney Arsenal, Dover, N. J.,

Major Odus C. Homey, conmianding, where it has been in operation

continuously since, this being the only place in the I'nited States,

to the author's knowledge, where this process has been carried on.^

\. H. Diamanti, P. Ix)isif, and H. Champin, P.P. 377425, 1006.

2. E.P. 8278, 1903; F.P. 364981, 1900; no U.S.P. granted up to Jan. 1, 1911;
abst. J.S.C.I., UKM, 23, .'>60.

3, Through the courtesy of Major Homey, the commanding officer, the author
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In the original specification of the inventors, the patent claims are

based upon the cliscoverj' made by them, that the acid extraction

and i)reliminar\' wiishing operations in cotton nitration may 1)C com-
hine<l by removing the acids from the nitrate*! cellulose directly by
displacement without the employment of either pressure, vacuum or

mechanical appliances, and at the same time securing the minimum
dilution of the acids. They also observe<l that if water be carefully

run on the surface of the acids in w^hich the nitrocellulose is immersed
and the acids slowly drawn off at the bottom of the vessel, the water

displaces the acid from the interstices of the nitrocellulose with no
undesirable rise in temperature, and with but little dilution of the

nitrating acids. By this method the maximum acid is recovered in

condition suitable for concentration and reuse, and the volume of

\\;itn required for the preliminary washing materially reduced.

Fk:. 11.
—
^Thomson Displacement Apparatus for Cotton Nitration, a, tank;

b, false l)ottom; c', ribs; e, grid; /, trouRhs; g, aprons; h and h', pipes to
troughs; m, pi|)e to nitrating acids; o, ixirforationa of troughs; p, cock for

removal of acid.

This method has been adapted to the preparation of a pyrocoUo-

dion powder at the Picatinney Arsenal above referred to, with a nitro-

gen content of 12.5-12.7So and practically complete solubility in

ether-alcohol. At the present time seven units of four pans each are

in daily operation,^ each pan consi.sting of a cylindrical stoneware

vessel (see Figs. 10, 11), constructed with a perforated stoneware

was permitted to see the process in ofieration, and from whom much of the data
contained herein was obtained. The description of the English method is taken
from an article by Lieut. Sir F. Nathan, J.S.C.I., 1909. 28, 181; C. N. 1909, 99,
136, 152, 159; see also " .\rms and Explosives," 1906, 77.

1. Expansion in equipment in this pnxjcss at Picatinney, now well under way.
when completed will provifle for an emergency production there of nin«' thoiLsaiid

pounds cellulose nitrate daily by this method.
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Fig, 12.—^The Thomson Displacement Process for Cotton Nitration, at Picatinny
Arsenal, Dover, N. J.

The nitrating acid enters the pans A, from underneath, B being the onc-pieco
perforated segmental plate placet! on the bottom of each pan before the intnMliic-

tion of the cotton. A hood, shown faintly in the background is placed over each

San during introduction of the cotton into the nitrating acid, and by means of the

ue D, the fumes from two pans are carried downward by suction and out of the

building. A fan is located in the roof of the building which fontes pure air through
the apertures shown at //. The stream of water issues from the- fourth inch rulilx^r

hose F, which is kept in position by means of a weight, such as a piece of lead (>'.

The nitrated and washed cotton is shown at E. When the entire surface has been
covered with a thin film of water, fuming ceases. After nitration lias been com-
pleted, the spent acid is withdrawn and cold water run in so gradually that no dan-
gerous rise in temperature takes place. A cros.s-section of a pan with strong and
weak acid connections, hydrometer arrangement, etc., is shown in Major Homey's
lecture on " Smokeless Powder Manufacture," Jour. U. S. Artil., 1910, 34, (\o.

105), p. 141.
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false bottom which is removable, and un«Ier which is a cock at the

lowest point for running off the liquid.' The nitrating acid at a

temperature of 30-32°, and containing nitric acid 21-22%, sulphuric

acid 63-64%, is nm by gravity ^ into the pans, 70() lbs. in each.'

The cotton—20 lb. charges for each pan—is brought into the nitrating

house in sealed cans, with moisture content less than 1',', and at a

temperature at least as high as the nitrating acid in which it is to be

immersetl.* The cotton is immersed in the acid in small portions at

:i time, the entire operation requiring alK)ut fifteen minutes. When
the charge of cotton has been entirely immersetl, the five-section

perforateil stoneware top plates are placed over the cotton, care being

taken that all pieces of cotton are under the surface of the acid. A
film of cold water '^ is then immediately fl[owe<l over the surface of the

top plates to a depth of about one inch ^ in order to .seal the nitrating

acid and prevent fuming. The hoods which are placetl over the pans

during inmiersion of the cotton ^ are now removetl, the cotton remain-

ing soaking in the nitrating acid for periods varying from 1-2.5 hours,

depending on the physical results desired in the nitrocotton. At the

expiration of the time in which the nitration is considered completed,

1. Four pans are usually spoken of as a unit and are nitrated and emptied
together. In nitrating such a unit the services of six mert are required to immerse
the cotton in the nitrating acid, one man to immerse the cotton for each pan, and
one man for each two pans, who places the cotton onto the acid for the immersion
l>y galvanized iron forks. \ single-piece hood constructed of wood, but impregnated
with paraffin oil and coated with a high congealing-point wax forms the hoods,
j'ach hcxxl having an opening on opposite sides for the delivery of the cotton antl

for the submerging of it. The top of the hood, directly over the center of each
pan, contains a window, over which is suspended an electric light to lietter light

the interior of the pans during the preliminary immersion. Exhaust pipes are
also provided for the withdrawal of fumes.

2. Various devices are in operation for heating the acid to the desired temperature
t)eforc introiluction of the cotton. In one method the acid circulates through
pipes in a steam jacket or hot-water tank. Perhaps as simple and efficient as any
IS to encase the delivery pipe with a larger pipe containing steam connection, when
i>y a<lmitting steam at a given pressure, and running the nitrating acid through
the inner tube at a determined volume, heating of the nitrating acid is practically

automatic.
3. In J5.C.I.. 1909, 28, 181, a charge of 600-650 lb. is recommended for the

production of cellulose nitrate of highest nitration, a 29 lb. charge of cotton being
used.

4. From five to ten minutes is required to run in the nitrating ackl per pan,
depending on the force of gravity and the diameter of the entering pipe.

5. A small stream for a fourth-inch ordinary gas tubing hose is sufficient.

6. Thomson in his original patent (I.e.) suggests the use of sulphuric acid for

sealing where the higher nitrated cottons are being prepared. In some cases the
method may be carried out in an ordinary centrifugal, using the latter to effect

preliminary drying after acid extraction. This has the advantage over the usual
method of working ordinary centrifugal nitrating apparatus, because the acid
Iwing removed from the centrifugal is so gradual that practically all danger of
firing and " fuming" disappears, and a greater proportion of waste acid is recoveretl.

7. The hoods may be transported around the nitrating room by means of a
traveling crane.
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the cock leading to the waste pipe is gradually opened, the waste acid

jillowed to flow away from the nitrated cotton at the rate of about

17 lb. per minute, the volume of fluid in the pan l)eing maintained by

running cold water in on the top plates through the distributor. This

displacement of acid by cold water is continued until the major portion

of the acid has run out, the water following the acid through the nitro-

cotton with but little appreciable mixing, this displacement requiring

about forty-five minutes.^ The water in displacing the mixed acids

does so so gradually that the temperature of the nitrating acid in the

pans is not raised. The waste acid passes out of a 3-inch pipe by means

of overflow into a larger pipe, and in this 3-inch pipe floats a hydro-

meter, whereby the concentration of the acid may be observed.^

The cotton after the water has been allowed to drain away is shoveled

into trucks, either with aluminum forks, or preferably with wooden
shoveLs,3 and wheeled to the wash house, the pans washed out and the

operation repeated.^

1. The patentees found that the rate of displacement exerts a considerable
influence on the properties of the resulting nitrated celluloses, and affords a means
of regulating the temperature of displacement, the rate found suitable being about
two inches per hour when treating highly nitratetl celluloses. It is especially

essential in this process that the water used be thoroughly filtered, for if the clarifi-

cation of the water has been inefficient, when the top plates in the pans are removed
at the close of the nitrating process, the nitrocotton imme<liately under the hose
which supplied the water will be found in various stages of discoloration, or jx^r-

haps a dark precipitate deposited, the cotton acting like a filter to separate the solid

particles. Although these particles (if present) are supposed to be removed in

filtering the block of gelatinized cellulose nitrate through the "macaroni" hydraulic
press, filtration of the water used in displacement through sand or sponge filters

is always desirable.

2. There is more waste acid separated and reclaimed by this process than can Ite

utilized for fortifying purposes indefinitely, the spent acid accumulating. In
order, however, to obtain the desired amount of spent acid of maximum concentra-
tion, various methods have been tried to divide the waste acid into definite frac-

tions. The specific gravity of the strongest acid as it leaves the pans and at the
temperature (about 32°) is about 1.7. By now separating as the first fraction a
volume of spent acid required to make up the next day's run of acid, u.sing the strongest

commercial acids obtainable, and for a second fraction, all that protion not required
for strengthening, but yet sufficiently strong so as not to attack too strongly the
transprsrtation containers, seems to l)e the most economical solution of the problem
of spent-acid recovery and utilization. It has l>een found that a spent acid of

sp.gr. much under 1.4 attacks iron so readily as to be inadvisable for reshipment,
and 't is usually run into the sewer. The charge of nitrating acid for a pvroool-

lodion nitrocellulose u.sually consists of three portions: (1) The spent aoul from

Erevious nitration. (2) Sulphuric acid 98% absolute IIjSO, (which in winter

as about 1% of nitric acid added to it to prevent freezing bv the formation of

monohydrate crystals) and (3) a mixture of nitric acid 52%, sulphuric acid 45%.
3. The so-called potato shovels, made entirely of wood.
4. In the Austrian method of cellulose nitrate manufacture (G. MacDonald.

"Arms and Explosives," 1909, p. 38) raw cotton is immerseti in an acid mixture
forty-eight hours, then placed in numing water four to eight weeks until frve from
acid. In the French method, cotton is immersed in an acid mixture for one hour
and then dipped in ruiming water for one hour. The remaining acid is subsequently

neutralized by a solution of potassium carbonate.
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This system of manufacture offers many advantages over other

methoiis of cotton nitration, among which may be mentioneii:

(1) The displaeonient process takes the place of the processes of

dipping, digesting in puts, acid centrifugaling, inimersing and hydro-

extraction.

(2) The actual dipping of the cotton is a much less laborious

operation—the heavy labor of squeezing out the acid is done away
with, while the absence of fumes makes the work much less disagreeable

and more healthful. Fuming by this process is almost unknown,
and injuries to workmen from acid splashing verj' infrequent.

(3) Ix)ss of nitrocotton due to decomposition in the digesting pots

and acid centrifugals and consequent inconvenience and danger to

workmen from nitrous fumes are done away with, and the heavy loss

from breakage of pots and lids avoided. The experience of two and a

half years at Picatinney and three and a half years at Waltham Abbey
have shown that the earthenware pots are very lasting.

(4) The fumes incident to loading and unloading acid centrifugals

and immersing are avoided.

(o) The quantity of acid lost is much reduced, and this reduction

means less pollution of the discardetl wa.sh-waters.

(6) The recovered waste acid is much cleaner, a point of great

importance from the point of view of revivification and concentra-

tion.

(7) The mechanical loss of nitrocotton in the acid and water centri-

fugaling processes and in the immersing processes is avoided.

(5) A more thorough preliminar\' washing is obtained with an

expenditure of about one-fifth of the quantity of water, and less lx)il-

ing, with consequent consumption of steam, is required in order to reach

a given standard of purity.

(9) Great saving in power is gained by the abolition of the acid and
water centrigufals, and in the reduction in the (juantity of water which

has to 1)6 pumped.

(10) Renewals of plant and repairs to plant and buildings are said

lo be exceetlingly low.

(11) The number of hands employetl for any given output is much
It^s—the total cost of labor being reiluced by two-thirds.

(12) The yield is improved. At Waltham Abbey it is given as

170 , probably theoretical). At Picatinney with a 12,6% nitrogen

it is understood that the yield exceeds 155%.

(13) .\ more stable nitrocotton, of more uniform nitrogen content,

is stated to be produced. It is also far cleaner and contains notably

less mineral matter.
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(14) According to (}. Lunge ' the loss of concentrated acid is only

^ 14% of the weight of cellulose nitrate as compared with a loss of 150%
by the older processes.

Sulphuric acid being by volume less expensive than mixed nitrat-

ing acid, A. T. Cocking takes advantage of this fact ^ in an attempt

to reduce the cost of operating the displacement process. The per-

tinent points in his patent is to run in sulphuric acid containing about

2% nitric acid onto the nitrated cotton as soon as the nitrating acid

has been drained off, no water being admitted. After the sulphuric

acid has uniformly saturated the nitrated cotton, it is gradually replaced

by water as in the original process, a larger volume of more concen-

trated spent acid being thereby obtained.

It has long been known that the air in the cotton filament canal

offers a certain appreciable resistance to the penetration of the acid,

and it has been reasoned that removal of that air from the individual

fibers would result in a more unifonn nitration and more stable

ester. The mechanics of this reason has been embodied in a recent

patent,^ where the nitrating vessel is cylindrical in form and provided

with an air-tight cover. Two acid reservoirs which can be either

evacuated or placed under prassure are connected with the nitrating

\'essel. The pipe from one enters the bottom of the nitrating vessel,

passes up the center, and delivers its acid at the bottom of the vessel

just beneath a perforated false bottom. The cotton having been

placed in the vessel, air is withdrawn from it by evacuating one of the

acid reservoirs. The cock communicating with the other reservoir

is then opened, the acid flows into the evacuated nitrating vessel,

and allowed to continue when the cock is closed and the acid which

has been in contact with the cellulose sucked off into the other reser-

voir. This process is alternately repeated, the advantages claimed

being that a very much more unifonn nitration of the cellulose is thus

obtained.

Where it is desiretl to automatically transport the nitrated cotton

from the centrifugals to the wash-house, the hydraulic guncotton

conveyor of Selwig & Laiige, as shown in Fig. 13, may Imj use<l.

It is erected close to the nitrating centrifugal "* and consists primarily

of an aluminum or earthenware funnel 250 mm. wide, into which water

enters through an opening below the upper rim in sufficient quantity

1. Z. Res. Schies-Sprengstoffw. 1, 2-4.

2. E.P. l()()7(i, 1<MM). Tlie process of (;. Clac8.scn (I).R.P. 2002i)2, l'.K)6) is similar.

Ill this, afU»r the nitration is finished and the acifl has Ixam 8eparate<l, sulphuric
acid is injected into the rotation drum of a centrifuge containing the nitratctl

material, and the sulphuric acid suhseijuently displacctl by water.
3. C. CWpelle-FontAinc, F.P. 3U7707, 1908.

4. U.S.P. 638647, 1899.
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(400-500 I. per minute) ami at regular pressure. The funnel ia con-

nectetl Ijelow by a siphon-shaped elbow-pipe to a slightly inclineil

pipe also 250 mm. wide, while to the top of the conveyor is fitted a

fume hooil from which the acid fumes are drawn by the exhauster.

After being squeezed out, the nitrated material is removed by meanti

of tongs from the centrifugal to the conveyor, where it meets with a

Fio. 13.—Selwig & Lange Uuucotton Conveyor,

sufficient stream of water, which transports it through the conveyor

pipes in any desiretl direction.

Generally each conveyor pip)e discharges into a tank with perforated

false bottom for the collection and preliminarj-^ washing of the nitrated

material, otherwise the conveyor pipes from several apparatuses may
be all connected with one outflow pii^e and discharge into a common
receptacle.

The guncotton conveyor, in addition to being used for the hydraulic

transportation of nitrated material wrung out of the acid centrifugal,
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may also be used for the transportation of material which has already

undergone preliminary washing.

Nitration of Paper. The nitrating apparatus of R. Schiipphaus

and M. White, G. Mowbray, Tribouillet and de Besancle and Hyatt,

were all designed for the nitration of tissue paper. It has repeatedly

been asserted that the finest quality of lacquer and bronzing liquids,

transparent plastics and pyroxylin for the preparation of cinemato-

graphic and other continuous films, can be obtained only by the nitra-

tion of tissue paper. It is a fact that the lightest colored lacquers,

the so-called " water-white " grade, are to-day produced in the United

States from nitrated tissue paper (so-called paproxyl) in preference

to the higher grades of cotton. The actual advantages observed

are ease in nitration and speed of penetration, the paper being seldom

thicker than 0.003 inch; facility of solution of the nitrated paper;

entire absence of cloudiness of the filtered solutions; and the near

approach (tintometrically) to forming colorless solutions. It has

been pointed out in several works and scientific articles that the high

cost of tissue paper must of necessity preclude its use in any large

(juantities for this purpose, but all, so far as the author is aware, of

the manufacturers of pyroxylin plastics in the United States, either

manufacture or use large quantities of nitrated tissue paper. When
the relative cost of a high grade of cotton is calculated as com-

pared with tissue paper at the present day, it is evident that the

difference in cost of raw material is not so marked. The ease and

completeness with which solid particles may be removed from nitrated

paper solutions of is great importance in the use of this material for

continuous photographic films, where freedom from specks is abso-

lutely necessary on account of the high magnification to which the film

is subjected when thrown upon the screen.

In the manufacture of a suitable paper for this purpose, the Diamond

Paper Mills and other manufacturers are obliged to exercise great

care in locating their plants, to insure that the water supply is soft

and practically free from organic matter, so that the paper may absorb

little or no color from percolation through leaf mold and other decay-

ing vegetable matter.

Of the less important processes, that of R. Schiipphaus and M.

White * (Figs. 14, 15) consists of a cage B, with a central perforated

cylinder, intended to insure the rapid and efficient saturation of the

tissue paper used for nitration. The patentees claim that with their

apparatus no stirring is re<iuire(l, which could only be true with nitra-

tion at low temperatures, and not with a temperature of 50-()0°. Their

1. U5.P. 406597, 418237, 1889.



Tin: MTRATIOX OF CELLULOtiE 105

method consists in nitrating the pa|)er in the cage B, the lx)ttom of

which is formed by the flanged plate c fastenetl to the bottom of the

Fia. 14.—Schupphaua & VN hite Method of Paper Nitration*

9\ }9

Via. 1.").—Schiipphaus & White Method of Paper Ntiration.

internal cylinder B'. After nitration the cage goes to the wringer

E, Fig. 14, of which it fonns the basket, the acids then being removed.

The cage is next taken to the plunge tank F, where the paper is



106 NITROCELLULOSE INDUSTRY

removed by simply pulling out the central perforated cylinder li'.

The lower cut shows the nitrating pot with automatic cover, the

plunge tank F being shown in section and plan.

The method of G, M. Mowbray,^ now chiefly of historical interest,

is perhaps the most elaborate process of tissue-pap)er nitration which

has gone beyond the experimental stage, no paper being nitrated by

this method at the present day. The paper lengths shown in the vari-

ous sectional drawings (Figs. 16 and 17), are entirely imaginary, as

Fig. 16.—Mowbray's Paper Nitrating Apparatus.

Fig. 17.—Mowl)ray*s Paper Nitrating Apparatus.

the paper upon entering tlie nitrating liuid wouKl immediately fall to

the bottom of the receptacle. He allows the paper web to remain in

the acid tank for twelve to twenty minutes, then as the first portion

is drawn forward a fresh section takes its place. How to main-

tain the temperature and strength of acid in the nitrating tank is not

stated and is one of the important problems. This method wiu< triid

1. U.S.P. 350497, 350498, 1886; 434287,44310.5. 18<H); J. France has aescriUtl
methods of UHing cotton cut 8o fine as to l)c practically dust, for the preparation
of soluble (U.S.P. 420445. 1890) and insoluble (U.S.P. 4-2(M46, 1890) nitrocellulose.
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commercially at the plant of the American Zylonite Company, at

North Adams, Mass., but was shortly after abandoned.

The p&per nitrating apparatus of V. Tribouillet and A. de Besancle •

consists of a receptacle shown in Fig. 18, comprising a nitrating

box with hood. The paper or cotton to be nitrated is first dried at

100°, and either ground or disintegrate<i, the latter operation being per-

formed in the vesjjel ^4 (Fig. 18), which is 7-8 in. deep and mounted

on a bottom-cooling jacket B, traversed by a stream of water. To
protect the operator from fumes each unit is surrounded by a glass

cover V, which at least must be unhandy. The nitrating acid consist-

ing of 3 parts sulphuric (sp.gr. 1.834) and 2 parts concentrated nitric

containing nitrous acid in solution is used at a temperature of 40-60**.

A high yield has been claimed. Claessen^ describes a method of

producing an alcohol-soluble cellulose

nitrate, especially suitable for cellu-

loid manufacture, and prepared by

acting upon 100 gm. cotton with 3 k.

nitrosulphuric acid at 40-50°. The

nitrating mixture containing 19%
water (limit 18-20%), 42% sulphuric

f,g. 18.-Tlie Tribouillet & Besancle

acid (limit 35-46%) and 39% nitric Nitrating Apparatits.

acid (limit 35-45%) is allowed to act

for two hours, the temperature not being allowetl to rise al>ove 50°.

After nitration, washing with cold water is followed by treatment

with weak soda solution, then with water again and finally dried.

The product contains 9.5-10.5% N, and is said to be readily soluble in

W i alcohol. In polarizetl light the fibers appear greenish-yellow.

To prepare celluloid it is recommended to combine 100 k. of the

above cellulose nitrate with colophony 30 k. and 60 k. of 96' o alco-

hol. Instead of colophony, ceresin which gelatinizes in 96' o alcohol

may be used.

Hyatt's Paper Nitration Process. The foregoing described meth-

ods have been superseded, at lea.st in the United States, by the process

of John W. Hyatt, which although now over thirty years old, is usetl

to-ilay in essentially the same manner as first brought out by the

inventor. With the exception of unimportant modifications and

modem refinements in the way of increasing the yield and greater

percentage of acid recovery, the process stands to-day alone for the

commercial preparation of nitrated tissue paper. So far as the author

is aware, the manufacturers of pyroxylin plastics in the United States

1. US.P. 216474. 1S7«); E.P. 5057, 1878; D.R.P. 6828, 1879.

2. D.R.P. 163668, ItKM.
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at the present time use or produce nitrated paper by methods based

upon this process of Hyatt.^ The process is divided into the four

steps of " disintegration," " conversion," " desiccation," and " ablu-

tion." This method, upon which tissue paper nitration is at present

carried out, is considered of sufficient importance to give in detail,

in substantially the words of the inventor:

The first step of the process has for its object the preparation

of vegetable fiber for rapid conversion into nitrocellulose, and to

this end the improvement consists in taking paper (unsized and uncal-

endered tissue-paper is best) which has been made in sheets, and,

preferably, paper made from stock which has been bleached by any

of the ordinary processes, and reducing this paper to small flakes; and

this is done in practice by taking a roll of such paper, mounting it in

frame, and feeding it between rollers and under tension to a cylinder

anned with hook-teeth, set close together, which tear the sheet of

paper into exceedingly minute shreds or particles (" flakes "), pre-

senting almost as much edge as surface, so that when immersed in the

acids they are acted upon almost instantaneously throughout, and

converted more uniformly than would otherwise be practicable. This

first step of the process is designated " disintegration," to express the

reduction of the tissue paper into minute flakes.

To expedite the converting action still further, the second stage

consists in preparing the acid bath, which is placed under a shaft carrj'-

hig on its lower end a stirrer, and rapidly rotating the shaft, so that the

stirrer will give the bath a swift swirling motion; and by setting the

blades of the stirrer at an angle somewhat similarly to the blatles of

a propeller, the centrifugal motion of the acids is increased, crowding

them up at the side of the vessel and leaving a depression at the cen-

^ter, so that the flakes of paper being fed into the bath are first swept

into the vortex of the swirl by centripetal force, and there subjectetl

to the intensified action of the bath, and as the increasing mass of

flakes is saturated and immersed it is gradually swept from the center

to the side of the vessel, where its motion is slower, leaving the center

free for the reception of the fresh flakes, which are constantly fetl

into the vortex, where they are acted upon on all sides instantaneously.

In this way the treatment of a much larger quantity of the paper

is eff"ected than the bath would otherwise act upon effectively. This

second step of the process is designated " conversion," to express

the transition of the disintegrated flakes from their nonnal condi-

tion into that of saturated soluble fiber.

The quantity of flakes which can be properly fetl into the bath,

1. U.S.P. 210611, 1S7S.
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and properly acted upon, as described, having l)een thoroughly con-

verted, the worknuiii mises the stirrer out of the vessel, which has been

resting upon a turntable, and brings under the stirrer another vessel,

which meanwhile has been supplied with acids pumped up through

pipes, arrangeil in proper relative position to have the vessel brought

under them by tho rotation of the turntable. He then lowers the

stirrer into this freshly chargeil vessel, seta it in motion, and feeds

in fresh flakes, as before and, when they are converted, again raising

the stirrer, passes the vessel onward by the turntable.

The next stage of the process is the separation and recover}- of the

surplus acid from the saturated soluble fiber, ami this is effecte<l as

follows: close to the turntable and near to the acid-supply pipes

a centrifugal machine is placetl, providetl with a second perforated

rotating removable basket, fitting loosely within the ordinary- per-

forated basket, which latter is mounted upon a vertical shaft, carry-

ing a driving pulley upon its lower end. The acids pa.ss through the

perforations in the baskets into the space between the outer basket

and the casing, and off through a pipe leading from the bottom of this

casing to the reservoir below, from which they may be again pumf>ed

up through the supply pipes.

The turntable having brought the vessel containing the acid and
converted fiber opposite the centrifugal machine, the vessel is lifted

and its contents emptied into the centrifuge which, rotating rapidly,

throws out the surplus acid, as is well understood. This third stage

is designated " desiccation," to indicate the removal of the surplus

acid.

The next stage is to wash out the acids left in the desiccated fiber

after the operation of the whizzer; and to this end a washing vat is

arranged, supplied with water, and having an overflow near the top,

and an inclined table extending from the whizzer to the edge of the

vat, so that by lifting the removable basket out of the whizzer with

suitable lifting-hooks the desiccated fiber is dumped on the table

and slides down into the washing-vat, where it is stirred and thor-

oughly washed in the constantly changing water until the acids are

thoroughly removed. This fourth stage is designated " ablution,"

to express the transition of the nitrocellulose from the condition of

desiccation to the condition of hydrated soluble fiber. From this

vat the hydrated soluble fiber may be transferred to another whizzer,

which will remove the surplus water, or lo a beating- engine, and ground

into pulp.

A hood or canopy is provided extending over the entire apparatus,

and having an induced upward draft through it, whereby the fumes
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from the acids are not only prevented from becoming diffused through-

out the room, but are so rapidly carried off through the hood as to

greatly relieve the workmen immediately about the apparatus from

the distress incident to the use of such acids in open vessels.

Fig. 19.—Hyatt Tissue-paper Nitrator. Top view of disintegrating appiinitiH.

The converting vessels are also provided with lugs above and below

the center of gravity, and rig-lifting apparatus at the proper points

for elevating and tilting the converting vessels to empty them into

the whizzer; and by the use of these devices and of a suitable lifting-

Fuj. 20.—Hyatt Tissue-paper Nitrator. Vertical longitudinal section through

Fig. 19.

hook for raising the removable basket from the whizzer, the process

is conducted with very little occasion to touch the vessels with the

hands.

In the drawings (Fig. 1 9) is a plan or top view of the disintegrat-

ing apparatus; Fig. 20, a vertical longitudinal section through the

same; Fig. 21, a plan view, showing the general arrangement of the con-
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1 I'. _'l Uy;iti ri-~ui-i»apor Nitrating Apparatus. Plan view showing converters

Fig. 22.—Hyatt Tissue-paper Nitrator. Side view of Fig. 21.
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verting apparatus; and Fig, 22, a side view, in elevation, of the

same

1. The disentegrating apparatus consists of a frame supporting a pair of

housings A, with l^arings l>elow for the shaft of the disintegrator B, and bearings
in adjustable boxes above for the gro<)ve<i feed-rollers CC", a driving-pulley, c,

being mounted on the projecting end of the shaft of the feed-roller C, which roller

rotates the feed-roller C\ by frictional contact. The housings also support a trans-

verse frame, D, in whicn guide-teeth d, of wire, are so arranged tliat each of them
shall take into one of the grof)ves of the feed-rollers.

Tlie guide-teeth, which fit in the grooves of the roller C, extend down lx*low

the feed-rollers, ancl are secure<l to and support the guide-bar d', parallel with the
roller and imme<liately above the teeth ot the disintegrator, in line with the line

of contact of the feed-rolls.

The teeth which fit in the grooves of the roller C are slightly curved at their

lower ends, so as to turn away from the bar d', and the lower points of these teeth
are al)out in line with the lower edge of the guide-bar.

As the feed-rollers are rotated the paper is carried down between them and
between the teeth, is such a manner that while the teeth in the roller C permit the
paper after it passes Iwlow them to tuni toward the knives, the guide r)ar d' su.«<-

tains it against the action of the knives and holds it smooth throughout its entire

width, so that it is uniformly fed under the tension of the rollers and presented to
and acted upon by the teeth of the disintegrator and reduced to substantially
uniform flakes, instead of being irregularly torn and wadded.

The disintegrator B consists of a number of hook-teeth or knives arrange<l close

together in spiral lines around and upon its shaft. The elements which will deter-

mine the size of the flakes are a given number of teeth and a given rate of speed
in the disintegrator, and a relatively slower rate of speed in the fee<l rollers; but
it was not found desirable to reduce the paper to flakes of less size than, say, one-
sixteenth of an inch.

The revolution of the disintegrator is in a direction opposite to that of the driven
feed roller, and is imparted by a pulley, b, on the projecting end of the disintegrator

shaft.

The paj)er is supplied to the disintegrator from a roller E^, and passes under
a roller E\ and over a roller E, down to and between the feed rollers CC. (See
the dotted line in Fig. 20.)

The flakes fall into a receptacle below the disintegrator, from which they are
removed as required.

The converting apparatus is arranged as shown in Figs. 21 and 22, and comprises
first, a turntable F, mounted on spherical balls or other suitable suspension,
and having such diameter as will accommodate a series of the converting ves-sela

G. At a proper point supply pipes 1, 2, 3, leading from the acid reservoirs l)elow,

have their spouts curved over, so that one of the vessels G, standing upon the turn-
table, may, by the rotation of the table, l^ brought under the spouts and charge<l
with acids by the action of a pump. The further rotation of tlie turntable then
moves the charged vessel from the spouts around underneath the stirrer H, which
is supported above the turntable, so that the charged ve.ssel on the turntable
will stand under it centrally. This stirrer is composed of a series of short blades,

set or bent at a slight inclination to their shaft, so that they will induce a swirling
motion in the acid bath, and attached to the lower end of a vertical shaft h, which
can be raisetl high enough above the turntable for the vessel to be placed under or
remove<l from beneath it, and lowered so as to rotate in the vessel near the bottom.
This raising and lowering of the stirrer is effected through a bent rod A', connected
with the upper end of the shaft h. The shaft h of the stirrer passes through a depend-
ing bracket /»' and is provided with a loose pulley and a fast pulley h^ h*, through
which, when the stirrer is lowered so that the pulleys are brought together, the stirrer

is rotated by a belt, the motion Ix^ing stopped, however, when the shaft is raistMl

and the fast pulley h* remove<l from the action of the l)elt. A pin parsing through
the rod /i' and resting upon a bracket, /»*, sustains the stirrer wlien rai8e<l. It will

of course l)e understootl that the blacles of the stirrer and so much of its shaft a.««

is lial^le to l)e reached by the acids should In? matle of or covered with copper or
other metal or composition which will resist the corrosive action of the acids, and
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It has been said that when Hyatt utilized the relation of camphor

to pyroxylin he laid the foundation for an art, and when he deviseil

!i satisfaetor>' process of paper nitration whereby transparent objects

hitherto unattainable could be produced in large quantities and

including the imitations of ivor>', mosaics, coral, and amber, he laitl the

foundation for a " fine " art. It is understood that the proportions of

nitrating acids found satisfactorj' by Hyatt is in the ratio of 50 cc.

nitric (sp.gr. 1.47), 100 cc. nitric (sp.gr. 1.36), 100 cc. sulphuric (sp.gr.

1.H4) and 18 gm. finely shretlded tissue paper, immersed at a temper-

ature of 55° for one-half to one hour, the paper increasing in weight by

;iJ)Out 40^fc during the nitration. The size of the individual pieces is a

t he same precaution should be observed in protecting all the surfaces of the apparatus
liable to lie attacked and impaired by the acids.

The stirrer being lowered into the charged vessel G and set in motion, and the
acids having lieen brought to the proper swirl, the flakes of the disintegrated paper

'I* fetl into the vessel at or near the center or vortex of the swirl, and subjected
I the action of the bath, this stirring operation being continued until, by the action

of the acids, the flakes have been thoroughly converted into nitrocellulose. The
flakes fe<l into the center or vortex are, by the operation of the stirrer blatles,

thrown outward towani the side of the vessel, and their place is supplied by fresh

flakes fetl in at the center until the thickness of the mass indicates the limit of the

saturating capacity of the bath, when the shaft of the stirrer is raised and the
turntable rotated, carrj'ing the vessel from underneath the stirrer round opposite

a whizxer or centrifugal machine, consisting of the case /, firmly secured in posi-

tion, the perforated rotating basket i, mounted upon the upper end of the vertical

shaft, by which it is rotated through a pulley on the lower end of the shaft (see

Fig. 22), and the removable perforated rotating basket t*, fitting loosely within
the basket i.

To transfer the converted flakes from the vessel G, a tackle is rigged between
the turntable and the whizzer, with three hooks, two on one rope, to take into

the lugs or eyes on the sides of the vessel, and thereby lift the vessel, and one
oil the other rope, w^hich takes into the lug or eye near the bottom of the vessel to

tilt it when raised; and on the opposite side of the whizzer a line is provided, run-
ning through the eye to the lifting tackle, so as to draw the raised vessel into proper
position to be tilted and emptied into the removable basket of the whizzer. (See
' !^. 21 and 22.) The whizzer meanwhile having l)een duly set in motion, the surplus

id is rapidly expelled from the converted flakes, and passes down between the
outer basket t, and the case of the whizzer to a pipe P, which conducts it to the
cistern or reservoir, from which it may l)e again pumped up through the supply

fttpes 1,2, 3. When the action of the whizzer is completed and the converted flakes

reed from the surplus acid, the removable l>asket »' is lifted out by means of a pair
of internal lifting nooks, J, 4, and its contents dumped upon the incline<l table K
and into the washing vat L, which is supplied with water, and the converted flakes

are stirre<i and washed therein, under a constant circulation of water, supplietl in

any suitable manner and passing off' through the overflow I, near the top of the
vat. From this vat the washed mass is removed for further treatment not per-
taining to this process, which is concluded with this condition of the hydrate<i
soluble filler.

It will l)e ol)8er>'ed that the diameter of the turntable is such as to allow space
for a series of the converting vessels G, the relative position of which is such that
while one is in rea<liness to l)e lifted and its contents dumpied into the vessel, another

l>eing charged with acid, and a third is beneath the stirrer, while between the one
.iider the stirrer and the one at the whizzer there is room for several others, so
that there may \ye alwa\'B a series of vessels that have passed the stirrer, ready
for being dumped into the whizzer and passed again under the supply pipes, and
the operation may be thus carried on without any intervals between tne stages.
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matter of adjustment of the shredding machine, that produced to-day

being about A to 1 in.^ Ash determinations made by the author on

this paper gave results of 0.08-0.12%. J. W. Swan ^ has devised a

method of producing cellulose nitrate in a continuous manner by pass-

ing cellulose, in the form of a long web, band or sheet of paper, con-

tinuously through the mixed acids at such a rate as to allow of sufficient

nitration of the cellulose.

Nitration of Cotton for Cheaper Grade of Pyroxylin. For

uses in combination with oils and pigments, in opaque products,

especially in pyroxylin coating compositions, where the solubility,

viscosity, and freedom from insoluble particles is of no great moment,

a grade of cellulose nitrate is made by means of centrifugals, which

is used in enormous quantities. The following is the process in its

essentials

:

The acid mixture consists of sulphuric acid 55%, nitric acid 17%,
water 28%, total acidity 72%. The initial temperature of the nitrat-

ing acid is 46-48°,''' time of nitration fifteen minutes, and five wringers

nitrated each two hours. The heat of reaction raises the centrifuge

contents to 54-57°. Yield 128-135% on the weight of the drj"- cotton.

Nitrogen content 12.35-12.40%, nitrating mixture 50 times the weight

of the cotton. The product is nearly soluble in commercial wood

alcohol, contains considerable residue, has a thin flow, and dissolves

very readily. The stability is often low. As the temperature of

nitration increases, the. cost increa.ses correspondingly, for the hotter

nitrating acid means a more fluid pyroxylin, more loss in washing and

neutralizing, more frequent replacement of rubber gloves, etc., and

greater frequency of the batches fuming in the wringer. The value

of this grade of pyroxylin lies in the small amount of solvent necessary

to make a workable solution, and this is of especial value in the imita-

tion leather industries, where the solvent is not recovered. Raising

the sulphuric acid in the mixture lowers the nitrogen content of the

pyroxylin; raising the nitric acid increases the percentage of nitrogen

in the nitrocotton. Elevation of temperature without changing the

compositions of the nitrating mixture has but little effect on the nitro-

gen content, although the yield may be diminished.

Pyroxyllnum. Under this general name a cellulose nitrate soluble

in alcohol and ether is official in the Pharmacopoeias of Belgium, Brit-

1. Analyses made by the author of that grade of paper pyroxylin most suitable

for lacquers gave nitrogen 11.0-11.2%, ash l.()%, Kl starch test at (>.'>°, alwut
15 minutes; temperature of ignition 170-175°.

2. E.P. 21729, 1894; abst. J.S.C.I., 1895, 14. l()t)2.

3. The temperature of the acid upon coming in contact with the cottoii. M
lias to be heated higher to allow for c(K)ling during transmission of the aci<i to

the centrifuge.
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ain, Finland, Galicia, Germany, Greece, Helvetia, Italy, Netherlands,

Portujfal, Russiji, Spain, Switzerland, and the Unite<l States, ICxcept

liel«riuni. all the prominent PhannacopcEias give under the word " Col-

ItMlium " metho<is for the preparation of this form of cellulose nitrate,

tuH will l>e noted from the following table:
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tion, equivalent to 0.7-8.0% nitrogen.' A. Voigt 2 obtained gelati-

nous products by combining both the nitrating and pulverizing processes

in one. He. immersed cotton in 97 parts cone, sulphuric acid and

3 parts nitric acid at 2-3° ^ and obtained after neutralization and

drying a very fine powder of high stability, which the patentee con-

siders very advantageous for the manufacture of shooting and blast-

ing powders and of lacquers. No statements of solubility, however,

are given.

In 1908 B. Herstein * patented methods of formation of struc-

tureless nitro derivatives of cellulose, insoluble in alcohol, ether, amyl

acetate and acetone; containing less than 4.5% nitrogen, and which

are transformed into a transparent or translucent mass by the addi-

tion of caustic soda. The cellulose in the fonn of thin paper or cotton

is immersed in an a(;id mixture consisting of about 63^ by weight

of absolute sulphuric acid, about 109o nitric acid, and the remaining

27% partly water and partly other inert material. This mixture

may conveniently be obtained by adding to 85 parts by volume of

sulphuric acid 1.66 sp.gr., 15 parts nitric acid by volume of 1.42 sp.gr.

As soon as the cellulose is immersed, visible reaction takes place, the

entire mass of cellulose loses its structural form, and is converted into

a gelatinous transparent magma. It is essential that the aclMs he

cooled to a low temperature (below 20°), in order that the cellulose

may not dissolve in the acid mixture, and to insure that it becomes

gelatinized merely. After a few minutes' immersion the exce.ss of acid

is poured off and the resiilue repeatedly washed with large quantities

of cold water, pressed, and dried at a low temperature. The actual

percentage of nitrogen varies materially with the method of manu-

facture, but is seldom over 4%. The most characteri.stic reaction

of the product is its deportment when brought in contact with caustic

alkali solutions, in which it quickly gelatinizes, forming a plastic,

transparent mass, readily moldable, and which may be diluted with

water and forced through fine orifices. It is readily hardened or

coagulated by treatment with weak acids, and combines with phenol,

resorcinol, or pyrogallol, the latter property differentiating it from

1. None were entirely gelatinized products, and no statement of their solubilities

is given.

2. U.S.P. 855869, 860776, 1907; E.P. 5126, 1904; abst. J.S.C.I., 1907, 26, 780.

3. The scoured and cleaned cotton cellulose is immersetl in cone, sulphuric

acid at 2-3°, in the ratio of 5 times by weight of acid to cellulose. The filx»rs

rapidly disintegrate with a rise in temperature. After the structure luis lx»en

destroyed, about 2 k. cone, nitric acid is atlded, the temperature of the mixture
being kept down by artificial means. After two to three hours the ma-ss congeals

into a solid cake which is washetl out in large quantities of water and drieil. Thus
prepared the product is a fine powder.

4. U.S.P. 879871, 1908; akst. J«.S.(M., 1908, 27, :iY.'i.
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true cellulose nitrates. Drs. Jasper E. Crane and C. Joyce ' have

elaborated upon this process and investigated the formula of the

derivatives pro<lucetl and the mechanics of the several reactions.

In their preferred metho<l paper cut in small pieces is inmierse<l in a

mixture of 65.5% sulphuric acid, 9% nitric acid, and 25.5% water,

the ratio of acid to cellulose lieing at least 100 to 1. The temi>erature

of the bath is kept at 5-10° and 6-12 minutes the preferred period

of immersion.^ After nitration the mass is immediately plunged into

cold water, and the lumps or " curds " obtained rapidly washed until

neutral. Combustions of the product previously dried in vacuo at

•W to constant weight gave results corresponding to a mono-nitrate

on a Ci2 molecule for cellulose, the yield being about llO^f , against

119''( theoretical for a mono-nitrate, thus showing considerable

loss by solution in the acid.^ It was found to dissolve in strong acids,

strong bases (including trimethylamine)
,

pyrogallol, Schweitzer's

reagent, and zinc chloride solutions. The anhydrous product was
insoluble in acetic anhydride, but upon the addition of a small amount
of water, acetation ensued and a product readily soluble in acetone

but incompletely in chloroform resultetl.^ It is evident that these

lower cellulo.se nitrates have valuable possibilities.

Other Later Processes. Gaston C. de Brialles of Paris ^ has

patented in various countries a process of nitration by means of acids

concentrated by electricity. It consists in inserting two platinum

|)oles into the lower portion of a closed vessel in which the cellulose

is confined, to make the acid more concentrated by electrolysis, the

current being 3-4 volts. The anode is larger than the cathode, both

l>eing made of platinum. If the temperature is not below 30° the

cellulose is nitrated in three to four hours. It is claimed that the

electrolj-tic decomposition of the water formed in the reaction pre-

vents the liberation of heat which would accompany the dilution

1. Jii.C.I., 1910, 29, 540-5-12, with biblioRraphy of 18 citations.

2. Decrease in temperature or time lowered the gelatinizing action on the cel-

lulose. Increa^je in temperature gave buttery pro<lucts, partially miscible with
water and indicating a breakdown of the cellulose aggn'gate.

3. The sulphur was determinetl by the method of Hake and I>ewi.s (J.8.('.I.,

r.KJ.5, 24. 376), and nitrogen by the Dumas method in preference to the Lunge
nitrometer, the latter giving incorrect and lower results, a proof tliat the nitrogen
is present in the form of nitrate-nitrogen.

4. It contained 2.32% N'., indicating it was a completely acetylated derivative
of the formula C,jH„0„X, similar to the aceto-nitrates descnl^ed bv Berl and Smith
(Bor., 1907, 40, 90:i; abst. Jii.C.I., HK)7, 26, 273), and prepared by them from
cellulose nitrates of higher nitrogen content. Their increa.se<l reactivity with
ioiiinc. Fehling's solution and fixation of basic dyes showe<l the pro<luct to con-
tain ceilulcjse hydrates. In thi.s connection see Ost and Westhon (Cliem. Zeit.,

lIKXi. 33. 197; alwt. J..S.C.I.. HMKJ, 28, 325), and C. Schwall« (Z. ang. (hem., 1909.
'22. 197: abst. J.S.CM., 1909. 28, 216).

IP -"'iij, 1906; D.R.P. 203377, 1906; V.V. 3&4349, 1906.
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of the acid.* The method in. use at the Stains Company plant hi

Paris is stated to consist in immersing small strips of fine tissue paper

for a long time in cone, nitric acid, after which a small quantity of

cone, sulphuric acid is added, and the product washed to neutraUty.

A. Luck and A. Dumford ^ first change the cellulose into hydrocellu-

lo.se before nitration. E, Quinan ^ immerses the cellulose in hot

nitric acid to dissolve out all mineral constituents, then transfers to

a nitrating bath of nitric and sulphuric acid to complete the esterifi-

cation.

Washing. The first operation of eliminating the acid after centri-

fugalization is washing. This is done in a large wooden tank filled with

colli water, which should previously have been run through a sand or

other suitable filter. By means of overflow plugs, a continuous stream

of water may be allowed to fall over the nitrocotton while the latter

is kept in constant motion by means of manual stirring with wooden

paddles. After the cotton has been so thoroughly washed that a small

piece tastes but faintly acid, the water is allowed to run off through

a false bottom, and wrung out in a centrifugal machine, or the last

wash water may be allowed to remain in contact with the nitrocotton

for several hours in order to wash the acid out from the central canal

of the cotton filament. Often the process is so arranged that the nitro-

cotton is allowed to soak in the last water over night.^

It has been stated that the higher the ratio of sidphuric acid to

nitric acid in the nitrating acids, the longer the time necessar>' and

the greater the number of changes of water required, before the water

from the boiling vat is free- from acid reaction. . It appears that the

lower nitrated cottons are more readily washed free from acid than

those of higher nitration. It is pretty well understood that the neu-

tralization of free acids in nitrocotton with ammonia, as in the pat-

1. See also H. Diamanti, H. Champin, P. Loisef, F.P. 377425, 379501), IJKXi;

J.S.C.L, 1907, 2(>, 1060.

2. E.P. 4760, 1895.

3. D.R.P. 117349, 1898.

4. F. I. DuPont (U.S.P. 724932, 1903; 762757. 19(M) has devistil a prtKvss
of purification in which it is int<>n<lcd to more (juickiy un<i complotoly remove the
jicid from the canals of the nitrwotton by means of compresse<l air. The material
is agitated in water under great air pressure, the pressure suddenly rcmov<><l.

whereby the impurities are more readily wa-shetl out. The apparatus is a cylinder
with conical bottom, and with pipe and pump connecting the top and Ixittom to

prinluce violent circulation. .\n inert gas may be introduced in such a manner
as to pass through the nitrocotton. In his U.S. P. 648147, 1900f the idea of dehy-
dration by solvent displacement (F. DuPont, U.S. P. Reissue, llt)51, 1S98), i-s

extende<l to the washing of nitrocellulose. The acid nitrate witliout a preliminary
wa.shing is plactnl in a hydraulic pres.s, the acid squeezed out, water allowe<l t<»

percolate through the guncotton under pressure, a final alkaline washing l)eing

given in the same manner. The patentee claims by this methoti to In* able to

reclaim a much greater amount of spent acids with less loss of nitrated cotton,

and with practically no liability to loss from fuming.
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entcd process of II. Aiitliony,' is a dangerous procedure unless the

tem|)erature be kept very low, as the experience of C. Weber,^ the

author, ami probably others can testify, WTien a nitrocotton neutral-

ized with tuninonia is dried at temperatures alx)ve 60° it may explode

with great violence. Haddan ^ boils the nitrocotton under pressure,

increasing the pressure sufficiently toward the last so that the nitro-

cotton is KMJnretl to a fine powder, thus obviatuig pulping.

Stabilizing. Originally stabilization was effected simply by
prolonged washing in cold running water, followed by a very short

treatment with a boiling alkaline carbonate solution. In the manu-
facture of guncotton in Austria and France to-day, it is stateti this

boiling process with alkaline carVx)nates is continued as an important

step in neutralization and hence in increasing the stability. The num-
ber and length of Iwilings required varies in different localities and
es|>e<*iall}' with the methods of nitration employetl. It has been

found that with the displacement process of nitration, stabilizing

is nuich more easily effected than with the centrifugal process.* It

is still an open question as to the quickest and most efficient method
of cellulose nitrate purification. In any process the wa.shing is con-

tinued until the desired stability as indicated by heat tests has been

ac<iuired. The nature of the water available for maceration of the

nitrocotton undoubte<lly has much to do with the stability, but

i'\|>oriments are not sufficiently conclusive for accurate generalizations

: this point. A great deal of discussion has arisen as to whether

wjLshing, and especially the boiling processes, may not be carried too

far as regards ultimate stability. The effect of continuetl boiling,

while untloubtedly decomposing the unstable esters, must also have

an appreciable effect in breaking do\vai the stable ester itself. It is

well knoNV7i that if a nitrocotton be boiled for a sufficiently prolonged

period, the percentage of ether-alcohol soluble matter will rise, and

the nitrogen content fall. The breaking down of the ester is accom-

panied by the formation of obscure acid bodies, which have to l^e

removetl to prevent them from reacting upon the stable nitrate.

H. Robertson,* who has made experiments on a large scale having

1. Uis.P. 143865, 1873. He neutralize<l with ammonia aad by hia prooesii

prtxlucetl a nitrocotton UHp<i extensively in photograpliy.

2. J..S.C.I., 1892. 11, 117.

3. E.P. 58.30, 1900. See U^.V. 210(512, 1878, J. Hyatt and J. Jarvis for appa-
ratus for wa.shinR paper pulp.

4. Systematic experiments carrieti out in 1905 at Waltham Abl)ey (Nathan,
.1 S.C l. l'.H)7. 2<J, 1^3) to determine the most suital>le and economical purification
tif iiiir.'( itton, 8howe<l that in the dif<placement process, the number and length
i>i iMiilmiis could be materially reduced, a.s compared with the ester prepared een-
trifugally. (^For reasons see Thomson " Displacement Process ")•

5. Chem. News, 1906, M, 9.
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for their object the best means of obtaining a pure and stable nitro-

cotton by boiling, finds that for the elimination of impurities and

rapid attainment of a stable product, boiling in dilute acid at the

beginning of the process is superior to an alkaline treatment, and has

the additional advantage of tending to prevent undue hydrolysis

of the ester itself. He found that the acid hydrolysis must not be

unduly curtailed or elimination of the impurities will be rendered

difficult. The importance of retaining a certain degree of acidity

in the first boiling is as important, as it is disadvantageous to prolong

the latter boilings. As a result of his investigations the method of

a .series of long initial (acid) boilings followed by a series of short

(neutralizing) boilings is recommended. It appears to be pretty

generally recognized that alkaline boilings in nitrocellulose neutraliza-

tion interfere with temporary and permanent stability.

Various processes have been suggested from time to time, in which

stability ;nay be increased or made more permanent. The sugges-

tions have either (1) increasing stability by the introduction of an

antacid, or (2), detection of acidity in the product after manufacture.

Of the first subdivision, R. C. Schiipphaus i was apparently among
the first to devise a process of this nature, in which he recommends

the addition of urea in methyl- or ethyl- alcohol solution, after the

nitrocotton has been freed from all but traces of acid by washing.

Skoglund 2 patented ammonium oxalate and carbamate, And more

recently completely substituted ureas ^ as 5% diethyldiphenylcar-

bamide. Cyanamide, dicyanodiamide, tricyanotriamide * and salts

of dicyanodiamidine ^ have also been claimed as efficient. Luck and

Cross ^ as the result of their observations upon the nature and

properties of the impurities eliminated in the stabilization of the

cellulose nitrates under the action of diluted solvents, found that these

solutions, when freed from dissolved cellulose nitrate, contained

acid bodies which readily unite with metallic bases, as lead oxide,

forming insoluble compounds. Upon this, they have basetl a proc-

ess of stabilization consisting in digesting the nitrate with a l','

solution of lead acetate or zinc chloride at 80-100°, and after thirty

to sixty minutes' heating, the excess of solution is removetl and the

nitrate thoroughly washed until entirely free from soluble metallic

1. U.S.P. 514830, 514838, 1894; E.P. 22384, 1893; ^-2% being recommeuded.
See "Stability of Pyroxylin Plastics," Chapter XIV.

2 K P 183(5'' 1888
'i. C. (Macsson', U.S.P. WY.)'Ai), 19(KS; E.P. lG72r>, 190G.
4. E.P. 2751'), 1903; idret. J.S.C.I., 1«K)5, 24. 44.

5. D.R.P. 205762, 1905. Addition to D.R.P. 201215.
6. U.S.P. 647420, 1900; E.P. 18868, 1898.
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sail.' Mercuric chloride, which has Injen uddccl to guncotton to ruisc

the stability test, it has l>een found, doea not increase, but rather

niatiks the test.^

To det«ct the development of acidity in this ester after manu-
facture, the addition of small amounts (usually less than 0.5*^^1) of

various bodies to the nitrate before drj'ing has been tried, Ilosaniline

base, diphenylaminc base, and litmus and blue archil ^ among other

things, have l)een tried. Cameiro, as the result of extensive tests *

of diphenylamine, concludes that it cannot be considered as a stabilizer

for smokeless powders. Rosaniline, when used in small amounts,

has no visible effect on the cellulase nitrate, but upon the development

of acidity, small, dark-coloi"ed patches appear in the gelatinized pow-

der, and this darkening is not caused by small particles of iron held

mechanically in the ester from the apparatus used in purification.

Diphenylamine is probably the most used at the present time in

amounts of about 0Ao% calculated on the weight of cellulose nitrate.

It is dissolved in the ether used to convert the nitrocotton into the

colloid.

Pulping.* On completion of the boiling or stabilizing process

the wet pyroxylin is transferred to a beating or pulping machine

quite similar to that used in paper mills for pulping the raw material

used in the manufacture of paper. The Cyrus Currier pulper (Fig.

Jo) consists essentially of a wooden tub, in which revolves a large

roller containing steel blades set in iron heads. This roller revolves

over a bed knife of steel plates, by which action the contents of the

tub is shredded into pulp. The desired fineness is determined by
rubbing a small sample of the pulped mass in the hand, spreading

out on the palm and examming for fineness, or the mass is pulled to

pieces between the fingers, the hands being held toward the light,

and the length of the fibers which project from each side as they are

torn apart being also an indication of the thoroughness of comminu-

tion. In still another method a small amount of the hydroextracted

pulp is shaken up in a large bottle, the fineness being judged from the

appearance. Aft«r the nitrocotton has reached the required degree

of fineness, valves in the bottom of the vat are opened, the contents

passing to settling tanks, where the water is allowed to run off. This

1. The product of the treatment contains about 2% of the basic oxide (PbO)
in combination with the nitric acid group.

2. S. Thomas, Z. ang. Chem., 1898, 12, 1003, 1027; JJS.CI., 1898, 17, 1179.
3. E.P. 2430. 1871, E. .Nicholson and A. Price.

4. Z. ge«. Schiess- u. Sprengst., HKK), 4, 29.

5. The profier purification of nitrocotton on a manufacturing ticale involves
<liHiculties which can be properly appreciated only by thoee experts directly engaged
in the procestj.
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en^Tio is fitted with a washing device whereby the excess of dirty

watrr i- I amoved during the |x?ri<Kl the contents are lieing puliMnl.

The mechanism consists of an octagonal-shape<l drum with perforate<I

brass sieve, inside of which are buckets which take up the water and
deliver to a central trough and thence discharge to an outsi<le vat.

This firm also builds an "Auxiliary Refining Engine" (Fig. 24),

which takes the iiitrocotton from the pulper and reduces it to any
fineness required in much less time than the regular pulper. This

au,\iliar}' lefiner consists of an iron revolving disk with steel blades

on lx)th sides. This revolves between two other blades, one on each

side, and by the action of the revolving disk the material is ground

to the fineness required. To adjust the fineness, the two stationary

plates may be brought closer together by means of a screw gear

operated by the handle on the outside of the machine. The parts

are interchangeable, the front and back plates and disk being replace-

able. Excessive pulping increases the solubility of guncotton in

ether-alcohol, while long treatment with even such feeble alkalis as

calcium carbonate tends to hydrolyze cellulose nitrate.

Since the introduction of the ver}- thorough system of purification

by boiling, the original process of pulping as patented by J. Tonkin,*

anti three years later by F. Abel 2 has not the importance as a puri-

fication process as formerly. However, there is no doubt that with

a long staple cotton the long tubes contain impurities which are best

and most readily removed by disintegrating the individual fibers,

and pulping not only reduces the length of the fibers by breaking,

but crushes them as well, so that impurities may be removed mechan-

ically as well as by solvent action.

Removal of Foreign Bodies. After pulping, it is often advanta-

geous to treat the nitrocotton in some manner in order to remove
from it any particles of metal, grit, or similar foreign bodies. The
nitrocotton suspended in a volume of water may be run through what
is called grit traps, placed at convenient intervals in a long shallow

trough the bottom of which is covered with blanket. In general the

foreign bodies are much heavier than the nitrocotton and fiUI to the

bottom by gravity, where they are intercepted by the blanket fibers.

.Vn electromagnet placed in the last trap removes any particles of iron

1. E.P. 320, 1862.

2. K.P. 1102, 1865. Of the several important improvements introduced by
-\bel the chief is the procejis of pulping. Having tmceti the cause of instal>ility

in nitrocotton to the action of nitric acid on resinous anfi waxy substances con-
tained in the cotton fiber, he succee<Ie<i in tlieir elimination by long l>oiling. thorough
washing anri pulping the cotton in poachers. The first attempts of von I^nk to

eflfect purification on a manufacturing scale by prolonged immersion of the nitrate<J

cotton in nmning water was unsuccessful even after eleven weeks' treatment.
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or steel. It is said that some factories use a "knotter," a contrivance

to remove small knots or any large pieces of nitrated cotton imper-

fectly pulped. If the cellulose nitrate Is to be used for lacquers or

artificial filaments the thorough filtration which it undergoes removes

all foreign particles. If for smokeless powder, filtration of the colloiti

cake through the "macaroni" press, as described in Chapter XVIII,

is supposed to remove all extraneous matter.

Poaching. In some factories the nitrocotton is wa.shed during

the pulping by means of drum washers attached to the beating engine;

in others the washing is done in separate vessels called *' poachers."

These usually hold about 100 lb. nitrocotton for each 110 gal. capacity,

and are agitated by power-driven paddles. The nitrocotton receives

from 3-7 washes in this apparatus, being allowed to .settle after each

washing. The wash water contains fine particles in suspension, the

removal of which increases the stability, and in the case of the earlier

waters, often a scum forms on the surface containing nitro bodies of

low stability.

Blending. Although poaching h:is in ;i great measure blended

the nitrocotton, still the solubility and viscosity of the cotton has to

be brought to a definite standard, depending on the commercial use

for which it is intended. ^ After the nitrocotton has been neutralized,

viscosity and solubility determinations are made, from which the use

of the cotton for a desired purpose is calculated. By the admixture

of various batches in certain proiwrtions, the physical properties of

solubility, viscosity, and clearness may be duplicated from quite dis-

similar nitrocelluloses.

Centrifugal Dehydration. But a snuill percentage of the nitro-

cottons used industrially is dried before use. In using it in the moist

state, there is not only a saving in time between manufacture and

use through elimination of the drying process, which at the low tem-

perature required (30-35°) takes several days, but the danger in

handling and use is materially diminished where the nitrocotton is

continually moist, aiul in the majority of countries the transporta-

tion of nitrated cotton is prohibited except in very small quantities

1. In E.P. 14()9(), 1907, A. Liedbcck descrilws a process for producing a iinifonn

nitrocotton by allowing the beating and nitration to proceed sinuiltaneously. The
aci<l mixture is intnxluce<l into a l^eater which is then set in motion, the celjulosi'

IxMng intro(luce<l by degrees through a feeding aiK>rture in the hotnl, until the
whole quantity weighed off has l)een fed in. Wnen the mass has ac«iuired the
desired fineness it is freed from acid centrifugally, and neutralized in the regular

manner. It is evident that in this process, as descril>ed, there must Ik* a large loss

of cotton, both by solution in the nitmting mixture and in subse<iuent washing,
while the ratio of acid to cotton must Im- great in onler that the last jwrtion of

cellulose immersed may \>o. reactetl upon l)y nitrating acid of practically the 8amc
composition as the first portion.



THE NITRATION <'l < 1 I.LULOSE 125

unless in tlu* moist state. Thf liquid usetl to eventually replace

the water must fulfill two condilionH: It must be ntiscible or nearly

so with water and a non-solvent of the nitrwotton, and must also l>e

a constituent normally present in the fonnula in which it is intended

to use the pyroxylin. This narrows the liquids of commercial value

to donaturetl ethyl alcohol and propyl alcohol or the first fractions

from fusel oil rectification, consisting mainly of propyl alcohol, and
usually mlscihle with water in any quantity without turbidity.

The usual method after continued washing has rosulte<l in a nitro-

cott^m of acceptable stability, Ls to wring the nitrocotton and either

partially displace the remaining water with the dehydrator in the

centrifuge or convey the pyroxylin to a separate apparatus where the

displacement of water by alcohol takes place under great pressure.

In the former method all of the water which is removable by a centrifuge

Is wrung out, leaving from l<S-30^^ remaining. If acetone has l)een

u.sed as the dehydrating agent, as suggested by Dumford,* the cellu-

loBC nitrate is left as a putty-like mass difficult to handle or subdivide.

If ethyl or propyl alcohol is employed the nitrocotton can be readily

dlsintegratetl by the hand.^ Alcohol is then sprayed into the centri-

fuge during motion until the density of the alcohol-water running

out of the centrifuge has a given gravity corresponding to a known
proportion of alcohol to water, when the spray is turnetl off and the

centrifuge continued until no more liquid is w^rung out.^ The nitro-

cotton is then ready for use w^ithout further treatment. In any
dehydrating process the alcohol, of course, is subsequently recovered

by careful rectification and used over again.

In the apparatus for alcohol dehydration according to Selwig

and I.Ange (Fig. 27) the basket of the centrifugal has, besides an outer

rim, an inner finely perforatetl one, and a detachable cover of alum-
inum or bronze for covering the space between the two. In this

( ircular space, which is lined with a cotton sack, the wet gun or collo-

dion cotton (122 lb. or 60 k.) is rammed somewhat tightly. The detach-

able cover Is then fitted on, and the drum closed with the tightly

fitting lid. A finely perforated pipe Is then inserted in an opening

in the lid, through which the guncotton is given a preliminary coating

of weak, already u.sed alcohol, which is followed by a second covering

of alcohol of the desired strength, Guncotton treate<l with alcohol

by means of the centrifugal has the same alcohol content (30-33%)
as that which has been hydraulically pressed out.

1. E.P. 20880, 1892.

2. See G. W. Gentieu, UjS.P. 931749, 1909.
3. Another method is to continue spraying until the alcohol issuing from the

centrifuge is of the same strength as the entering alcohol.
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The output of a centrifugal is suid to be about 600 k. of wet gun-

cotton in ten hours, and depending on the diameter of the centrifuge

basket.

On the same principle as the Thomson displacement nitrating

methods^ a process of displacement hy dehydration has been worked

out in England. In order to replace the water (left in nitrocellulose

after washing) by alcohol, without the use of pressure and in such a

manner that a verj- small amount of dilution of the alcohol with water

takes place, the nitrocellulose is first covered with water so that prac-

tically all air is excluded. Alcohol is then (juietly run down the sides

of the vessel so as to imin :i lnvcr on ilie surface of the water. A

Fui. 27.—Selwig <fe liange Centrifugal Pyroxylin Dehydrator.

cock at the bottoni of the vessel is slightly opened, so that the water

slowly flows away at a rate of fall of level in the vessel of half an inch

to one inch per hour. The alcohol flows in and replaces the water

in the interstices of the nitrocellulose, the treatment being continued

until all the water has been displaced by alcohol. When dehytlration

has thus been completed, the excess of alcohol is removed by pressiuu

or centrifuging.

In order to prevent the centrifugeil nitrocotton from sticking to

the sides of the wringer, a lope may be placed around the sides

of the interior of the basket, ami by loosening the rope after centrifugal-

izing, the contents is readily removed. Of less labor, however, are the

hydroextractors arranged with bottom discharge, as that made l\v tiio

Tolhurst Machine Woiks, Troy, N. Y., and shown in Figs. 28 and 2!).

The extractor does noi dilTer from the usual type, except the founda-

tion is so const nicicd as to allow a truck to stand untler the extractor.

1. F. L. Nathan. J. M. and W. T. Thomson, E.P. 7269, 19a3.
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After the water has been whizze<l out of the material, the lid is

raised, and the load falls down into the truck, thus doing away with

the ne<'essity of shovelinj; it out.

Dehydration by Hydraulic Pressure. Fig. 30 represents a
cross-section of a hydraulic pressure dehydrator as built by Cyrus

Currier's Sons, Newark, for the late Petrifoid Co., and is a repre-

FiG. 28.—^Tolhurst Hy<lro-Extractor Arranged with Bottom Dischargee.

sentative apparatus for dehydration by pressure. It is known as a
" Tv\'o-pIunger Hydraulic Dehydrator," the nitrocotton being placetl

in ( yliiiilor B when the bottom is closed by the action of the ram in

the cylinder C. This forces the perforated bottom up against the lower

part of cylinder B, which communicates the pressure to the mass

in B, by means of the force of the plunger actuated from the cylinder

A. As the pluiiircr (IcscfMitls and jjressurc Ls brought to bear on the
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mass in B, the water is forced out and through the perforated bottom

I), through the tube E, and into a retteiving receptacle. After suf-

ficient pressing the perforated bottom D is lowered, by the action

of the plunger in the cylinder C. Pressure is then placed on the dehy-

drated mass from the plunger in cylinder Ji, the contents being forced

out in one cake in the form of a cheese. Afterward the plunger A
is drawn into the cylinder A, and the process repeated. By means

of a series of 4-way hydraulic cocks, the pistons at -4 and C can V)e

rai.sed or lowered at will. If another fluid, as alcohol, is to displace

Fig. 29.—Sectional View of Fig. 28.

the water remaining in the pressed cheese before expulsion of the lat-

ter, the piston in A is drawn up, and by means of a funnel the required

amount of alcohol is introduced. When the latter has entirely per-

meated the cheese by gravity, as indicated by the first drops coming

out of E, the operation of pressure is repeated, except in this instance

the fluid obtained is led to settling tanks and thence to a still

to be rectified. With a dehydrator of the dimensions as shown, the

cheese obtained weighs about 17 lb., of which 20-22% is fluid. * The

1. See also "Hydraulic Nitrooottoii Prcs.s." r. I. DuPont, U.S.P. 04X147, 1900;
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maximum pressure which is obtained by meann of the acounmlator

is 2,000 lb. per sq.in. The time

requiretl for plaoini; the nitroeotton

in the press, driving out the

water and alcohol displace<l, is

al>out twenty-five minutes; 2 J gal.

of alcohol is re<iuire<l, of which

nearly one-half gal. remains in the

cheese, ami at least another gallon

is recoverable from the mixed

water and alcohol, when rectified

as describetl in Chapter V.

In pyroxylin lacquer manufac-

ture for the preparation of imitation

leather and water-proofing effects,

where pressure dehydrated nitro-

eotton is, used, each formula is

usually calculated on the basis of

2b% alcohol in each pound of cel-

lulose nitrate used. See also the

hydraulic dehydrators described

and illustrate<i in Chapter XVIII,

undt r Smokeless Powder Manufac-

ture, the pyrocollodion described

there—except for its high viscosity

—being suitable for lacquer manu-

facture.

Drying. If it is desired to re-

duce the amount of moisture in the

nitrated cotton to 2-3% it may
be spread on wooden cloth-covered

frames,* in small detached wooden

houses. Warm air at a temperature

E.P. 15693, 1897; A. Dumford, E.P.

20880, 1892; "Modem Hydraulic Gun-
cotton Prases," C. Grau. Z. ges. Schieas-

u. Sprengstoffw., 1909, 3, 321, 382 (13

figures); also J. Hyatt, U.S.P. 280745,

1883; 296967, 1884.

1. According to Guttnumn, this pro-

cess is objectionable becau.** the nitro-

eotton is thereby completely insulated,

and there is danger of an electric charge,

especially with elevated temperatures. To obviate this apparent danger he sug-
gests that copper plates be provided for drying, having conical apertures of } mm.
diameter on top and 1 mm. on the bottom, thus rendering it impoeeible for them

Fig. 30.—Currier T»o-Plunger

Hydraulic Dehydrator.
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not exceciling 40° ^ hastens the removal of the moisture, the air hav-

hig been previously dried.^ The uniformity of heat in the dry-house

has much to do with the stability, whicli decreases with increase of

temperature and moisture. The danger of drying nitrocotton may
be partially avoided by treating the latter with alcoholic calcium

chloride solution after alcohol dehydration, corresponding to l-2';o of

calcium chloride on the weight of cellulose nitrate. In celluloid and

artificial leather manufacture this amount of calcium chloride would

seldom interfere with the finished i)roducts.3 In the Volney method

of drying'' the cellulose nitrate is placed in a closed vessel and dry,

heated air or inert gas introduced. A certain portion of the air is then

removetl from the vessel in order to reduce the pressure, the tempera-

ture being kept constant at 3o-40°, These processes are alternately

repeated, the pressure in the drying vessel fluctuating about 10%.

I'or (juick drying, the Quinan apparatus,^ it is claimed, is being used

in Cape Colony with satisfactory results. This apparatus is a shal-

low basket some 4 ft. in diameter, with the bottom of fine wire gauze.

On this is laid a sheet of cheese-cloth on which is spread a layer, about

2i in. thick, of wet nitrocellulose, which has been made as granular

as possible by being rubbed through a sieve. A cover of silk cloth

of fine mesh is placed in position over the nitrocellulose, to prevent

any material being carried away by the current of hot air. This dry-

ing basket fits tightly on top of a circular support, into which a current

of hot air is led, and thus passes through the nitrocellulose. Wlien

drying has been completed, a current of cold air is passed through

the apparatus to cool the charge before removal. After drying, the

nitrocotton is transported to various parts of the factory in wooden-

or tin-tared containers, and with tightly fitting covers.

The Emil Passburg drying chambers, as built by the J. P. Devine

Co., Buffalo, are designed for the drying of nitrocellulose rapidly

at a low temperature by means of reduced atmospheric pressure

to be clogged by the nitrocotton. To prevent friction the plates may be covere<l

with leather on the edges, and are connected with each other by metallic strips

which are carried into the ground. This arrangement renders an accumulation
of electricity in the nitrocotton improbable, any electricity developed being carried
into the ground.

1. C. T. Tyrer, Pharm. J., 1898, 109, and Mowbray, U.S.P. 349659, 1886, places
the temperatures at 32° and 38" respectively, as the maximum with which nitro-

cotton may Ije dried with safety.

2. J. Mson recommends cold, intensely dry air, maintained slightly above the
freezing point (U.S.P. 249600, 1881). See F. G. DuPont, U.S.P. 616924, 1894,
and E. Bronnert and T. Schhimberger, E.P. 1858, 1896.

3. F. G. DuPont, U.S.P. 712406, 1902.
4. U.S.P. 874265, UW7; see also J. W. Hyatt, U.S.P. 297935, 1884; J. E.

BousBeld, E.P. 5076, 1901.

5. E.P. 22783, 1906.
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(Fig. 31). The dryer consists of a cast- or TVTought-iron chamber or

cylinder, hermetically closed at one or both ends by large doors. It

contains a number of steam- and water-tight heating shelves or pipes

placed one above the other through which steam or hot water is circu-

lated to produce the required degree of heat, which may be as low as

17°. The material to be dried is placed on these shelvas in trays of

suitable size and shajje. The apparatus in Fig. 32 is provided with

an expansion chamber and other safety devices to receive, in case

of explosion, the expanding gases, and thereby decrease their destnic-

tive power. These gases have first to destroy the vacuum in the expan-

sion chamber before they can exercise any pressure on the sides of

the apparatus. Any excess pressure then opens the safety valves

and apertures to admit of free escape of gases. In case of extraor-

dinary pressure the whole back of the chamber, which is held in posi-

tion by springs only, will be forced open, thus affording immediate

relief.

Fortification and Acid Recovery. After nitration, the spent

acid—richer in water and poorer in nitric acid—is usually run by gravity

into storage tanks and allowed to cool before being purified or fortified.

Restoration of used acids is usually compri.sed in three steps as follows:

(1) Elimination of impurities (cotton and nitrated cotton) in

suspension.

(2) Removal of nitrogen oxides.

(3) Increasing the nitric and sulphuric acids therein to a given

strength.

(4.) Mixing used and unused acid to form a new nitrating mixture.

In practice (3) and (4) are practically one series of operations.

In addition to varj-ing proportions of oxides of nitrogen in solu-

tion, the spent acid contains small amounts of cotton fiber in sus-

pension, which it is desirable to remove before reuse. These are

eliminated mechanically, by filtration through acid-washed sand, or

shredded asbestos filters, or a filter composed of highly nitrated cellu-

lose, usually cotton. In the method of F. Pool * the mixed acid is

agitated with naturally occurring barium sulphate (bar>'tes, heavy spar)

which is practically insoluble in the acid mixture, and after thorough

stirring of the barytes in the acid, it is allowed to subside, carrying

with it the insoluble filaments. Filtration through a fine mesh platinum

sieve has l^een recommended, but the author is unaware of the method
having ever been used. In the Thomson displacement method of

nitration there is but little cotton in suspension in the used acids,

1. U.8.P. 251938, 1882; J. Hyatt and F. Pool, U.S.P. 274336, 1883: M. Ufferta,
E.P. 24, 1883.
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due to the fact that they are so gradually removed from the nitrated

cellulose that the latter acts as a filter to retain all fine, solid particles.

The removal of nitrogen oxides is accomplished in several ways.

In one method compressed aii is blown through the spent acid, thus

driving the gases out of solution, which are led through condensing

towers of brick or volcanic stone and into weak alkali solution, forming

nitrates useful as fertilizers. Another plan Is to eliminate the oxides

by gentle heating of the mixed acid, but nitric acid is also volatilized.

Aspirating cold air through the spent acid is tedious and not always

successful, and calls for previous drying of the aspirated air. Physical

absorption with pumice stone has been disappointing. A system of

aeration in whicli the spent acid in a thin stream is allowed to meet

a heavy blast of air has apparently not fulfilled the claims of the

inventor, due to the weakening of the spent acid, if the volume of air

was increased sufficiently to eliminate all the oxides. The amount
of nitrogen oxides present, in the majority of instances, is less than 1%,
and in many nitrating houses is not eliminated.

To guard against accidents from leaking valves or corrotled pipes,

the spent acid is usually left in the storage tanks until shortly before

use, these tanks being located by gravity so that in event of leaks

from valves or pipes no acid will run out.

The degree which the nitrating acid has been weakened in nitric

acid by the process of nitration will depend upon (a) the amount of

nitrogen introduced into the cellulose, the higher cellulose nitrates

abstracting more nitric acid per unit weight of cellulose; (6) the

method of nitration used, there being less loss of nitric acid and o.xides

in the air with the displacement method than with the processes of

hand, pot, or centrifugal nitration; (c) the extent of "fuming" in

the individual nitrations, the greater the fuming (i.e., liberation of

nitric oxides) the weaker the spent acid in nitrogen.

The method of fortifying by the addition of a crj'stalline nitrate

(usually potassium nitrate) and dependmg on the sulphuric acid to

liberate nitric acid tn statu nasccndi,^ has been discarded on account

of interference by the large amount of potivssium sulphate formed

by the interaction of the sulphuric acid on the nitrate. The use of

nitrates soluble in water, the sulphate of which is insoluble (calcium,

strontium, or barium nitrate.s) proved unsatisfactory', as it introduced

another operation, that of filtering off the precipitated sulphate, and
another expense is introduced into the process from the additional

amount of sulphuric acid required to unite with the ba.se.2 A fortified

1. F. Pool. U.S.P. 306519, 1884; 336822, 1886.
2. F. Pool, U.8.P. 343850, 1886. The most clalwruto and expensive system
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acid usually consists of (o) the maximum of used acid which, when com-
bined with (6) sulphuric acid either 985t , or sulphuric acid 98% con-

taining amounts up to 30^t sulphur trioxide (oleum),* and (c) a mix-

ture of nitric acid 50-60^c with sulphuric acid 45-35%, or less often

(in the Unitetl States) nitric acid 98% •" The composition of the spent

and fortifying acids having been obtained analytically, they are

mixed in certain proportions to produce the desirecf mixture, one

method of mixing which has been found satisfactory for large-scale

nitration being as follows:

Three tanks are arranged at such a height that their contents will

flow by gravity into the weighing-tank scales, and thence into

the nitrating house. The spent acid is pumped into one of the storage

tanks (see Fig. 26), the other two containing the sulphuric acid and the

nitric acids respectively. Of the various mixing scales in use, in the

United States those of the Fairbanks Co. of New York shown in

Figs. 33 and 34, has proven satisfactory, both in delicacy, freedom

from attack by acids, and length of life, but also on account of their

simplicity of action. By means of pipes connecting the weighing

scales with each tank, the required amounts of each acid are weighed

in separately, and by means of a stirring arrangement connected with

the interior of the scales the contents is slowly but thoroughly stirred

for a considerable time (about three-cjuarters of an hour) to insure

complete mixmg. A sample is then withdrawn and subjected to anal-

y.sis, any further adjustment of strength being made in the manner
just described. From the scale tank the acid is run hito the nitrating

centrifugals or pans by gravity as required, or another storage tank

may be provided, in which instance a day's supply ahead can always

be kept. Nitrating houses and fortifying houses are usually arranged

on a hillside if possible, in order to take advantage of varying heights

for gravity flow of acids. The acid tanks (" eggs ") are usually con-

structed of high carlx)n iron, the Bessemer steel tanks of G. Mowbray
having apparently not come into use.

In F. DuPont's apparatus for making mixtures of nitric and sul-

phuric acids -^ the retort in which the nitric acid is generated is

connected to an absorber containing sulphuric acid by circulating

of nitrating acid fortification is probably that of J. Hyatt, F. Pool, J. EvenlinR,
J. Stevens, and W. Wood (U.S.P. 2*)938S, 1884), designetl for handling large
quantities. It has lieen estimated that its equipment and installation would cost
at least one hundred thou.sand dollars.

1. R. Schiipphaus (U.S. P. 526752, ISIM; E.P. 186.8:1, ISJM; abst. J.S.C.I.,
181M, 13. 1220) was the first to {)atent the strengthening of nitrating acids l>y the
use of hulnhuric anhydride. It is a question to be ascertained whether the use of
the anhydride is prejudicial in any way to the nitrated cotton.

2. VS.P. 35(M98, 1886.

3. U.S.P. 743922, 1903.



136 NITROCELLULOSE INDUSTRY

Fig. 33.—Fairbanks Scale.

These scales, shown in Figs. 33, 34, are designed especially for the weighing cf

cornwive fluids, as nitrating acid. The scales can Ix; constructed so as to admit

of mechanical stirring devices in the mi.xing tank, without impairing the accuracy

—

which is usually about 5 lb. in a 6'XXX) lb. charge.

Fio. 31.—Fairbanks Scale.
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conduits, one of which conveys the nitric-acid vapor to the absorber,

while the other conduit—by the aid of a blower—returns the unab-

sorbed gases, the absorber being fitted with an agitator. The method

of dehydrating sulphuric acid of C. Wilmhehn * is characterized by

tangentially introducing over the surface of the acid, contained in

a round vessel, hot gas or air, in such a nuinner that the concentrating

acid takes up a spiral motion toward the center of tKe vessel, where

it Is withdrawn, the apparatus comprising a series of such vessels,

and provision being made for the escape of the hot gas or air, after

taking up the moisture from the acid, directly out without coming

into contact with the charges in the other vessels. V. Vender 2 utilizes

atmospheric nitrogen in his process of denitrating and recovering

acid mixtures suitable for nitration, the oxides of nitrogen being sub-

scijuently condensed. A system of two towers may be used, the first

of which is heated externally by the hot gases ; these then pass through

the second tower, which is fetl by the acid mixture to l^e treated,

an<l from the bottom of which strong sulphuric acid is withdrawn.

The nitrous gases from the second tower are condensed, and furnish

nitric acid of about 60',' strength; this is admitted to the first tower,

together with a part of the strong sulphuric acid previously obtained,

and strong nitric acid (98' ,) is thus obtained by distillation, the

sulphuric acid, reduced to al)out 75% strength, being sent back to

the second tower. All the sulphuric acid and nitric acid are thus

recovered in a concentrated form, and synthetic nitric acid is prepared

at a reduced cost.

The Evers Denitration Tower. When the mixed nitrating

acids have become so spent as to make additional fortification unprof-

itable, or the acid has too much dissolved cellulose and nitrated prod-

ucts in solution, the mixed sulphuric and nitric acids may be separated

as by the Evers ^ system of denitration.* This compri.ses a denitration

tower divided into three compartments increasing in size from below

1. D.R.P. 176.370, 1905.

2. F.P. 405819, 1909; abst. J.S.C.I., 1909, 28, 423. For electrolytic method
for renewing waste acids from nitration see Saltpetersaure-Intlustrie-Clesellschaft,

D.R.P. 180052, 1905, and First Addition thereto, D.R.P. 180587, 1906; abst.

('hem. Centr.. 1907, 1, 1083. E. Neumann (Sprengstoffe, WafTen u. Munition,
MK)8, 4, Oct. 15) has given a description of the various systems for fortifying and
denitrating spent acids and recovery of nitrous gases.

3. D.R.P. 145743, 1903; 1S2216. 1902. In D.R.P. 176369, 1<)04, R. Evers
describes a method comprising a ves-sel upon whose bottom are two coils, one within

the other, through which the fluid to Ije heated is passed, alternately, so that the
heat of tlie concentrated acifi, which passes directly from the apparatus through a
short tul>c set into the wall of the vessel, is given up to the dilute acid to be next
introduced into the midst of the vessel.

4. J. Rudeloff, Z. ges. Schiess- und Sprengst., 1907, 2, 144. This article describes

the usual methods and apparatus for denitrating mixed acids.
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upward. Each compartment is filled at its upper portion with pieces

of earthenware or other filling material, space being left at the bot-

tom, in each case, for collecting the acid, which is then passed on to

the next compartment below by an acid distributor. A hot air and

steam injector is also fixed at the base of each compartment. At the

top of the tower is the supply chamber, similarly fitted with injector

and distributor. Air and steam are introduced at a temperature

of not less than 100°, and the rate of flow is so regulated that they

travel with the greatest speed in the lowest compartment and slowest

in the top chamber. All organic compounds in the acitl are oxidized

and a water-white sulphuric acid of 60° Be. obtained, containing only

a trace of nitrogen compounds. The condensed nitric acid consists

of H0% of an acid of 40° Be. and 20% of 36° B6. containing only 0.2-

0.3% of nitrous acid. A special apparatus, containing bundles of

small tubes, precedes the main condensing apparatus, and is said to

yield good results in preliminary condensation.*

The Redpath Method of Acid Calculation. The following

graphical method for the determination of the quantity of fortifying

and sulphuric acids to be added to preliminary mixings was communi-

cated to the author by the late Jjeon W. Redpath, and has never

before been published. As devised by him it assumes that the con-

centration of the various components in the fortifying acid, the

percentage composition desired in the final mixing, and the total

number of pounds of acid in the preliminary mixing ar.e 'constant. If

the conditions conform to these specifications, the results will \ye

mathematically correct; but should the conditions deviate from these

specifications a proportional error will be introduced. However,

under working conditions the error so introduced will be within the

limits of error allowed for the chemical determination.

The method requires the preparation of two charts. Fig. .4

determines the effect upon the composition of the preliminary

mixing caused by the further addition of fortifying acid.

It is first necessary to make a calculation to determine the effect

produced upon the components of the preliminary mixing by the

further addition of 1,000 pounds of fortifying acid.

Let a=the per cent of one component of the fortifying acid.

6= the per cent of that same component as desired in the final

mixing.

c=the total number of pounds to be adjustetl.

1. In the cawe of dcnitraiing the acitls irccivwl from the manufacture of nitro-

toluene, a Hpccial vcsjscl, U-ahape<l in enws-scction, is plac«Hl in the system immc^
(liately after the tower, to condense any iritrotolucne carried over, and thus prevent
a block in the condensing pipes.
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Then

=the effect produced upon that component in the pre-
c

liminary mixing by the addition of one p>ound of fortify-

ing acid.

For example: If the sulphuric in the fortifying acid has a con-

centration of 41.8%, and if the concentration of the sulphuric acid

desired in the final mixing i3 56.50%, and if the total quantity of acid

used in the preliminary mixing is 54,000 pounds, then

41.80-56.50

^47000- = -^*^^^^-

Or, the addition of 1,000 lb. of fortifying acid would have altere<l

the strength of the sulphuric acid .27%.

The second calculation is made by the same method to determine

tlic effect upon the nitric by the addition of 1,000 lb. of fortifying

acid to the preliminary mixing.

Assummg that the nitric in the fortifying acid is 52.40%,, and that

52.40-28.20
2S.2 is desired m the final mixmg, then —^

.

— = .000440,
o4,000

which will be the effect upon the nitric of the preliminary mixing by

atldlng 1 lb. of fortifying acid to it. The addition of 1,000 lb. of

fortifying acid would, therefore, alter the composition by .45'/|.

It will be noted that the effect indicated upon the sulphuric acid

is a minus quantity. This indicates that in the addition of fortifying

acid, the sulphuric component is decreased, which we know to be the

case.

Chart A is now plotted with these figures as a basis. Selecting

a point near the center of a sheet of cross-section paper, and taking

the origin at the top, the quantities representing the number of pounds

of fortifying acid to be used are set off downward, according to some

convenient scale.

Quantities indicating the desfred change in composition of the

preliminary mixing are set off to the right and to the left. The
decreasing composition of the component will be taken as indicated by
the direction to the loft, while increasing composition is indicated

by the direction to the right. A point set off upon the 1,000-lb.

line and to the left, according to a change equal to .27'
>c (calculated

alx)ve) is connected by a straight line with the origin. \ point

upon the 1,000-lb. line to the right, ecjuivalent to a change of .45*'^,

is also connected with the origin by a straight line. The right-hand
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line now indicates for all positions the relative alteration of the nitric

acid in the preliminary mixing for the addition of a corresponding

number of pounds of fortifying acid. The left-hand line indicates

the change in the composition of sulphuric acid of the preliminary

mixing for a correspon<ling addition of fortifying acid.

Chart B is made in a similar manner, but is drawn upon tracing

cloth. The origin in this case is taken at the bottom of the paper,

and the minus quantities are plotted upward to the right, while the

positive quantities are plotted upward to the teft.
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200 lb. of sulphuric acid, and observing the relation between the

two charts. Place the 200 lb. line of chart Ji directly over the

400 lb. line of chart A, and in such a position that the intersec-

tion of the left-hand diagonal with the respective pound lines coincide.

It will be observed that during the adtlition of the 4(X) lb. of the fortify-

ing acid the sulphuric acid has fallen in concentration .11%, and that

from the addition of 200 lb. of sulphuric the sulphuric component

is rait»ed .15^,'. The algebraic sum of the.se two quantities, an

increase of .04, will be found to l)e indicated by the position of the

origin on chart B, its position now lying .04 to the right of the neutral

line of chart A. Simultaneously, it will l>e found that during the

CAirr/ B.

Fig. 36.—Chart B for the Redjiath Graphic Method of Nitrating Acid Calculation.

addition of 400 lb. of fortifying acid, the nitric component was raise<l

.18%, but that during the addition of the 200 lb. of sulphuric this

component diminished .11%, a net decrease of .07%. This position

on A will be found at a distance of .03 to the right of the position of

the origin of chart J5 as it is now situated. It will also be found that

there is the same distance of .03 at the level of the 200 lb. line

on chart B between the right-hand diagonals on charts .4 and B.

Had the diagonal on chart B been continued from the intersections

of the diagonal on .4 with its 400 lb. line, and had it been continued

downward with its own " slope " from this point, the line thus assumed,

parallel to the diagonal on B, would have intercepted the base line

at a position .03 to the left of the origin on B or .07 to the right of the

neutral line of .4 : .07 being the algebraic sum of the alteration causetl

in the HNO3 component by the addition of 4fK) lb. of fortifying and
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200 lb. of sulphuric, whilft the .0/? is the algebraic difference between

the resultant effect upon the sulphuric and nitric an<l components

by the additions so made.

This example which we have just considered is, of course, the

reverse of the usual operation. Oidinarily, from the analysis of the

preliminary mixing, the required change which must be made Ls deter-

mined. The usual operation would then have been performed by

placing the neutral lino on li directly over that ordinate which shall

represent the desireil increase in the sulphuric acid component. With

chart li in this position, rai.se it and lower it perpendicularly across

the surface of the chart until it shall so occur that at the level of the

intei-section of the two left-hand diagonals there shall be a distance

between the two right-hand diagonals ecjual to the algebraic difference

of the change desired in the two components. Thus, if it were desireil

to raise the sulphuric acid .04, and to raise the nitric acid .07, the

algebraic difference between these two quantities would be .03, and

the chart Ji should be so placed that with the neutral line of Ji over

+ .04 on A there .shall be a distance equal to .03 between the two

right-hand diagonals at the altitude of the intersection of the left

<liagonals.

When such a position has been found, the quantities of fortifying

acid and of sulphuric acid required will be reatl by inspection upon

charts A and B at this same altitude.

The process of adjusting the chart B to its correct position will

probably require about one minute, if the chart is thoroughly under-

stood, and it will be found convenient to make use of a pair of dividers

in setting off the distances required between the diagonals. It will

also be found convenient to place chart A upon a drawing boanl and

to insert chart B in a light frame, and to arrange some suitable guide

for directing the perpendicular motion of this latt«r chart, then when
the correct lateral position has been determined, clamp the guide,

and maintaining this position, it is a simple matter to rai.se or lower

the frame until the correct position is discovered.

It may be added thai while the scope of this graphical method
is somewhat limited by the size of the charts, it is a simple nuitter to

reduce these quantities to a mathematical formula; so simple that the

result can be obtained almost mentally in a moment. This formula

will enable mixings to be made up directly from known spent if this

is desired, except for the /act that variation of the composition of the

fortifying would introduce greater error.

Dangers in Connection with the Nitration of Cellulose. With
the exception of the nitration process and the possible drying of the
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nitrocottori i it- tend of solvent dinplacement by centrifuge or hydraulic

pretw, the entire process is worked with a large excess of water, an<l

the probability of explosion thus reduced to the minimum. Among
the more important precautions wiiich should be observed may be

mentioned: the careful extraction of the resinous an<l w^axy matters

from the cotton previous to nitration, or their thorough elimination

in the boiling and poaching processes. In the actual nitration proc-

e.ss, the danger, except from acid bums, does not commence until

the o|)eratiuti of wringing out in the centrifugals, and also in plunging

the acid-<»\t ractfil cotton into the first wash water. Great care is

nc('oss;ir\ iluit tlic wiung-out nitrocotton at once comes in contact

with a liirg<' voluinc of water, ami that it is thoroughly disintegrated

so that the cold water entirely permeates the mass. If decomposition

once .staits, it is difficult to stop l)efore lo.ss of product results. The
warmer the nitrated mass and the le.ss the volume of water, the more
liable is it to decompose; hence on warm and damp days the centrif-

ugals are more apt to fire.

The patented process of neutralization with ammonia Is a source

of danger, as the ammonia po.ssibly forms ammonium nitrate with

traces of free acid on the fiber, ami this may explode with great violence

at temperatures below 40°. The increasing practice of displacement,

of water by propyl and ethyl alcohols, the latter made possible by the

use of denatured alcohol, has almost entirely done away with the

practice of drying the nitrocotton, and thus removed a great source

of flanger, cnen whvn the temperature of the dry-house was kept down
within supi>(i-eilly safe limits.



CHAPTER IV

SOLVENTS AND NONSOLVENTS

For several years after the discovery of the cellulose nitrates

invoHtigators confined their efforts in this field entirely to the perfec-

tion of this product in a dry form, and it was not until after the

introduction of collodion in medicine by Maynard in 1848, and its

use in photography by Scott Archer in 1S51, that the possibilities

of solutions of the cellulose nitrates became apparent. The "ether

glue " or collodion of Maynaid " puckered " and his " sticking plaster

peeled;" Scott Archer could not produce films without great wrinkling

and distortion; Parkes and Spill found in attempting to develop their

plastic arts that it was impossible to obtain satisfactory results,

l)eing hampered and limited by too few and too hygroscopic solvents.

Then, as now, the pyroxylin arts only expanded at those periods when
someone added to the Ust of solvents or devised improved ways of

combining them. In general, therefore, it can be safely said that the

main factor in the development of the industrial uses of the cellulose

nitrates has been due mainly to discoveries and extensions of sol-

vents. While mechanics enters largely into modem plastics and arti-

ficial filaments, in a final analysis its success is duo primarily to

appropriate solvents. Camphor in the hands of Hyatt developed

celluloid. Amyl acetate in the hands of Stevens laid the foimda-

tion for modern pyroxyUn lacquers and imitation leathers. It was

acetylene tetrachloride that enabled I^ederer to produce an uninflam-

mable plastic from cellulose acetate. Nowhere when investigators

attempted to expand the art were they able to attain the desired

results on account of unsuitability of solvents. At the present time

the world-wide endeavor to produce satisfactory non-inflammable

continuous photographic films has resolved itself into a search for

suitable solvents. The desirable commercial properties of pyroxylin

compounds are to be obtained mainly by an adjustment of simple

or compound solvents, and the superiority of the product of one manu-
facturer over that of another is primarily the result of the applica-

tion of the knowledge and ability to manipulate solvents. A study

of the historical (h^vdopuuMit of the various arts comprised in these

144
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pages will show that the failures of scientists who contributed to that

progress, as viewetl in the perspective of present knowlclge, has

been due mainly to a lack of appreciation of the fundamental impor-

tance attached to the solvent as distinguished from the pyroxylin

—

so many investigators erroneously regarded the cellulose nitrate as

the essential factor, and the dissolving liquids or converting solids

of minor importance. For this reason, the solvents of the cellulose

nitrates are tr«*ateil somewhat in detail; historically, Ix^cause as

new fields of usefulness develop, it is found that formerly discarded

solvents give the properties desirefl, and hence a liquid abandoned
as inappropriate for existing uses tonlay may become of immense
value in the future as the uses of the pyroxylins are industrially

extende<l; from a manufacturing point, as satisfactory and accurate

metho<l8 for the preparation of amyl alcohol and acetate are difficult to

obtain, if indeed they are to be found in the usual repositories of science.

A. Parkes early found, in attempting to evaporate alcohol-ether

solutions to (irj'ness, that the film became opaque and crumbled.

This he finally attributed (and truly) to water in the alcohol used,

hence his process of " rendering wood spirit free from wat«r by dis-

tillation with calcium chloride"* or "chloride of lime."^ The ques-

tion of moisture was not overcome in this manner entirely, for even

working with anhydrous solvents, the speed of evaporation was so

groat that the temperature of the atmosphere in the immediate neigh-

borhood of the film was reduced below the dew point, and so much
moisture was absorbed in evaporating to dryness as to still make a
white and worthless film. Parkes recognized the principle that a

heavy, high-boiling but volatile solvent was necessary, and nitro-

benzene 3 was patented. This, however, was too slow in evaporating,

was poisonous, and imparted a pronounced and objectionable odor.*

Aniline was found to bo too weak in dissolving power, and acetic acid

attacked the vessels in which the materials were manipulated and
affectod the eyes of the workmen. He found, however,-^ that by
combining camphor either with sulphurous acid, turp>entine or wood
alcohol excellent latent solvents result, and in this respect was the

pioneer in recognizing the value of camphor as an ingredient of

pyroxylin mixtures.

1. E.P. 2359, 1855.
2. E.P. 1123, 1856; he distilled the wood ^irit with 1-2 parts chloride of lime

or i part of sulphuric acid.

3. F2.P. 1313, 1865; he took 100 parts pyroxylin and added wood naphtha
" distille<i off chloride o( calcium " and then added 10-50 parts nitrobenzol.

4. See .\. Parkes, E.P. 3163, 1865; 2709, 1866.
5. E.P. 2675, 1864. Acetone was known to be an excellent solvent prior to 1864

(W. Field, J.A.CS. 1894, 1«, 544).
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Daniel Spill, a co-workor with Parkes, discovered that an ethyl

alcohol solution of camphor, camphor oil, or acetaldehyde * made

excellent solvonts.2 D. H. L. Hallium formed " etherized oil " by

distilling various essential oils with alcohol or ether and sulphuric

acid, intended as latent solvents. C. S. Lockwood ^ endeavored to

increase the efficiency of cami)hor as a latent solvent by adding a

small amount of chloral or chloral hydrate to lower its fusing point.

According to W. McCaine * the essential oils of cassia and cinnamon

combined with alcohol or in conjunction with hydrocarbons in the

proportion of 1 part to 8 of alcohol, produce a latent solvent with a

wide range of usefulness. Parkes later ^ brought out the fact that

if camphor is combined with either carbon tetrachloride, carljon

bisulphide or sulphurous acid, there results a latent solvent of higher

dissolving power than where camphor is used alone.

On December 10, 1S.S2, John H. Stevens obtained six United States

patents for the following direct and latent solvents, in which were sum-

marized nearly all of the previously proposed bodies which experiment

had proven would gelatinize or dissolve the various cellulose nitrates.

Patent 2G9340 comprised oil of spearmint, nitrate of methyl,*^ butyric

1. E.P. 3651, 3984, 1868; 1603, 2510, 3102, 1869; U.S.P. 91377, 97454, 1869;
101175, 1870 (most important). In E.P. 1739, 1875, Spill clearly recognizes the
value of hy(Jrocarlx)iis (by which he had in mind benzene), and wa.s tl»e first to

point out that a pyroxylin which will not dissolve in alcohol may Imj made to do
so l)y the action of benzene. It is a combined solution and gelatinization in which
the l)cnzene acts as an " exhilarative solvent." In this connection it may l^e men-
tioned that a pyroxylin which is insoluble in ethyl alcohol may sometimes 1)6

induced to go into solution by the addition of a small amount of castor oil, the
latter alone having no solvent effect. Methyl alcohol with castor oil is not as efficient

in this respect. Spill's favorite formula was alcohol 2.')0, ether 150, nitrol)enzol,

10, camphor 33, and Ijenzol 250 (all parts by weight), and with aldehyde: xyloidine

27, castor oil 27, camphor 0, solvents (containing 30-50% acetaldehyde) 40 parts.

2. Spill, an assistant to Parkes, took up the work at the point where the latter

failed, and achieved success. It is significant in this connection that Spill used
solvents of lower volatility, less hygroscopicity and greater solvent power than did
his former employer.

3. U.S. P. 246891, 1881; chloral hydrate and camphor, both solids, form a liquid

when brought together. And Lockwood found that the latent solvent point of

ciimphor coulil by this means be lowered in the presence of 5-20% chloral.

4. U.S. P. 262077, 1882; the advantages in the use of this oil are (1) a portion

of the oil always remains in the compound to act as solvent of the solidifieil ci)ll<Hlion

if again exposed to heat; (2) the solvent powers are sufficiently developed to

dis.solve the pyroxylin at so low a temperature that sufficient heat may be obtained
by the use of not water.

5. Henry (not Alexander) Parkes, U.S.P. 265837, 1882; E.P. 1865, 1866, 1879;
F.P. 132495, 1879; Belg. P. 56230, 1881; as direct solvents are intrtxiucetl camphor
and carbon tetrachloride; camphor and carbon bisulphide; turfwutine, sulphurous
acid, l)enzine or gasoline, but always in conjunction with camphor. Shellac is also

specifie<l as a pyroxvlin solvent in connection with camphor. See also, H. Parkes,
E.P. 974, 1861.

6. Methyl nitrate, CH,NO„ a liquid of ethereal otior resembling somewhat that
of nitrous ether, boils at 66°, and has a sp gr. of 1.2167 at 15°/15°. At one time
it was used considerably in the manufacture of certain organic dyestuffs (iodine
gneen and iodine violet) but owing to a series of fatal explosions which followed
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ether, valriic cthor,' honzoir cthor,- formic ethor,-^ salicylate of

methyl,' ft)nii:ite of ani\ 1,"' .u < tato of amyl, hutyratc of amyl,** valer-

its employment, its lugh volatility and expense of production, it is no longer uhc<I.

It exploties when struck or when its vapor is heateil, an<l is an excellent solvent
if resms and the ct?llulose nitrates.

1. Ktliyl iJiovulerate, (',llf('jll,02, a colorless, mobile oil, readily soluble in

alcohol, ether and chloroform, LK>iLi ut 134-135*', and has a sp.gr. of U.S714, at
la'^/lo". Its eth^i alcohol s^ution finds extensive use as an ingredient in artificial

fruit essences, prinetpally those of strawberry and rasplwrry. It is (i or S timer)

more cTpcn.sivc than ar.iyl acetate, antl 1ms never lx;en u.se<i as a direct solvent
on account of the cost of protluction. The lx)uquet developed in crude fusel oil

which luis been partially oxidized into valeric acid with pota.s.sium bichronuite and
then converted into acetate contains small amounts of ethyl as well a.s amyl valerate.

2. Ethyl benzoate, t'jIIj-tyisOj, a colorless liquid of cliaractcristic and
aronuitic smell, and huvin}? a Ixjiling point of 213° and a sp.gr. of 1.Q47 at 20°/ 4°,

may be readily prepared by the action of ethyl alcohol on wnzoic acid in the pres-

ence of a strong dehydrating agent. It is an excellent solvent of copal, dammar,
and saniiarac as well as the cellulose nitrates, the cost of i>enzoic acid and relatively

high l>oiUng point l)eing the principal drawi)acks to its use in largp (juantities. Benzyl
l>enzoate, a constituent of Peru and tolu balsams, is of interest, from the xise of

the latter two protlucts in pyroxylin lacquers to impart toughness to the film.

Propyl, butyl, and amyl benzoates, with boiling points of 220°, 247° and 2(51°

respi-clively, have a t<X) low volatility to l)e acceptable solvents. Methyl benzoate
is too costly.

3. Ethyl formate, CjIIj-COj, a thin, mobile liquid, possessing a rather plea.sant

penetratuig smell and cooling taste, Ixtils at 55° and has a sp.gr. of 0.9064 at
20°/4°. One part is said to di.ssolve in 9 parts of water at ordinary temperature.
It is readily soluble in alcohol and ether, and possesses an odor of peach kernels.

It is not only exceedingly hygroscopic, hut decomposes in contact with moisture,
liberating formic acid. This property alone would render it unfit as a solvent
for lactjuers, artificial leathers and photographic films, the free acid tending to
induce decomposition of the pyroxylin. This is not to Ix; confountled with ethyl
orthoformate, which boils at 145-146°. The corresponding methyl formate is

said (Mayberrj'j J.A.C.S., 1883, 5, 259) to be present in crude wood spirits, and
to account in a measure for the excellent solvent properties of the latter. Com-
mercial ethyl formate is usually contaminated with the methyl ester, due to its

manufacture from crude wood spirit. Methyl and ethyl formates find use in the
formation of artificial arrack and rum essences.

4. Methyl salicylate, CIIj-CjIIjOj, the principal constituent of oils of winter-
green and sweet birch, is a colorles.s, strongly refracting liquid which boils at 224°,
and has a sp.gr. of 1.197 at 0°/?°. It is made indirectly from toluene, but as yet
not at a sufficiently low price which will enable it to compete with amyl acetate.
This ester is an excellent solvent of pyroxylin, antl is used to a very limited extent
to correct objectionable odors in other .solvents, principally acetone oils and wood
oils. Ethyl salicylate is the equal of the methyl ester as a pyroxylin solvent. The
phenyl ester, known also as salol, forms an excellent latent solvent, and is readily
soluble in alcohol and fusel oil.

5. .\myl formate, C'jH„-CO,H, a colorless hquid of penetrative odor, boils at
116°, and has lx>en advocated as a desirable pyroxylin solvent. In volatility,

stability and great di.ssolving power it appears to fx; the equal of the corresponding
acetate, end only the high cost of formic as compared with acetic acids prevents
its commercial u.se in large amounts. A. Bedal (E.P. 12157, 1899) has obtaine<l
protection for the manufacture of amyl formate. Both propyl and butyl formates
are also stated to l>e excellent solvents, and have boiling points between ethyl antl
amyl alcohols. Ethyl formate decornposes upon long contact with moisture.

6. .\myl butyrate, CiH„C\II,Oj. The jsoamyl ester boils at 176°, and has a
sp.gr. of 0.8823 at 0°/4°. A mixture of methyl butyrate (b. pt. 101°) with amyl
butyrate is state<l to proditce a solvent, which in all its physical deportment more
closely resembles amyl acetate than any other simple or mixe<l solvent. These
two, as well as propyl, wopropyl and butyl butyrates, which boil at 143°, 128°, and
165° and have gravities at 0^ of 0.8872, 0.8787, 0.8885, are all excellent solvents of
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ianatc of amyl,* sebacylic cthor,^ oxalic other,'' umylic ether,^ amylic

oxide,* oxidized wood alcohol,'^ oil of csaanix,'^ oil of cherry laurel,^ heavy

cinnamon oil,® oil of mclissa,*® rectified oil of birch tar,i^ and oil of

pennyroyal.*2 Patent 269341 included as latent solvents oils of car-

pyroxylin, besides dissolving many resins including copal, sandarac, mastic and
elemi, and in addition to this are practically insoluble in water, so that they may
be obtained in an anhydrous state without difficulty. The only obstacle to their

extensive use is the cost of butyric acid or butyrates to prcxluce them. They are
all colorless, mobile liquids, with characteristic odors.

1. Amyl valerianate, CjH„(',H„0„ boils at 188° (Kopp and R. Schiff,

Ann., ISm, 234, 344) and has a sp.gr. of 0.87 at 0°/?\ It smells like apples when
dissolved in 7 parts alcohol. It is u.sed principally in artificial flavors, Wing too
slow in evaporation to make a desirable pyroxylin solvent, although it dissolves

the hitter with avidity. The methyl, n-propyl, and t-sobutyl valerates, which boil

at 116°, 156°, and 169°, would l)e more satisfactory. Butyl valerate is .said to dis-

solve the harder copals and ainl)ers without a preliminary heating of the latter,

at the same time dissolving a wide range of nitrocelluloses. The valerianates are
several times more costly than the corresponding acetates.

2. Commercial sebacic ether is a mixture of methyl-, monoethyl- and diethyl-

sebacates, all of which have high boiling-points (above 250°). Sebacic acid results

from the dry distillation of fats under partial vacuum, and the sebacatcs are made
by treatment of the acid with the desired alcohol and a dehydrating agent.
Although energetic solvents, they are not used on account of their cost. A
number of wine, brandy and bitters flavors contains this ester in small amounts
as a "fixative," to render the other odors more permanent and distinctive.

3. Principally diethyl oxalate, with small amounts of monoethyl oxalate (ethyl
oxalic acid). This ester is usually prepared by heating ethyl alcohol with oxalic

acid. A portion of the oxalic acid is reduced to formic acid, so that the commercial
ester usually contains ethyl formate as well. It is a colorless oil with slight otlor,

decomposed by water and easily soluble in alcohol.

4. 5. Amy! ether or amyl oxide, (JjoHjjO, exists in two forms, t«oamyl oxide,

(CsII,,)^), and t.s*>-sec-amyl oxide. The former boils at 173°, and the latter at
163°. Both are formed upon treating crude fusel oil with a dehydrating agent
(sulphuric acid) and distilling. They are ethers, not esters. Formerly several
patents were obtained for the production of these simple and mixed ethers by the
distillation of fusel or other alcohols alone with sulphuric acid or mixed alcohols,

as methyl, ethyl, propyl and amyl alcohols with the same acid. It was found
that their high boiling point and difficulty in obtaining in a neutral state were
serious drawbacks to their extended commercial use.

6. A number of imperfectiy characterized bodies results, including probably
methylal.

7. The solvent power of this essential oil rests entirely upon the cinnamic
aldehyde present. A good grade of cassia oil should assay 80-85^^ cinnamic
aldehyde by means of the Hanus (Z.XI.X.Ci., 1903, 6, 817) gravimetric semioxa-
mazone (J. pr. Chem., 1S74, 10, 196) method. (See Schimmcl's Semiannual Report,
1904, 19.) Pure cinnamic aldehyde, produced synthetically is an excellent
deodorizer in collo<lions and pharmaceutical preparations containing pyroxylin
in solution.

8. The latent solvents present in this oil are considered to be pinene, cineol and
geraniol. (It is gcraniol and citronellal which give to oil of citronella its latent
power as a cellulose nitrate solvent.)

9. This consists of not clearly definetl sesquiterpenes and cinnamic aldehyde,
with small amounts of Iwnzyl l)enzoate. (The value of balsams tolu an<l Peru
as solvents rests mainly upon the presence of Ix'nzyl Iwnzoate, and less so upon
the l)oiizyl alcohol, and Iwnzyl cinnamate normally present.)

10. Oil of balm.
11. A scries of experiments made by the author, with a sample obtained from

Schimmcl A Co., were entirely negative as a .solvent, the oil not even gelatinizing
the pyroxylin.

12. Consists principally of pulcgonc as the solvent constituent.
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away,' hyssop,^ sage,^ tansy ,"• cloves,* or wintcrgrccn and mixtures

of them. In patent 200342 there are <'nil)race(l dinitrobenzene ^ and
coumarinJ Xumljer 209343 designatiul acetone, acetate of ethyl,

acetate of methyl, fusel oil, amylic alcohol, oils of chamomile,* fennel

seetl,* palmarosa,!" and worm seed, but always in conjunction with

camphor. Xo. 2093 44 included oils of hyssop, sage, tan.sy, wormwood
fennel seed, cloves, cinnamon, anise, 8a.ssafras, chamomile, winter-

gretm, caraway or dill, but in combination with fusel oil, acetal," '^

nitrate of amyl,*^ or mixtures of any of them. In the last patent

—

209345—Stevens enumeratetl ethyl or methyl alcohol with nitrate

of amyl, nitrite of amyl,** oils of chamomile, valerian, golden rod,

sassafras, cinnamon, cumin, cynae ether, dill, elecampane, fennel

seed, heavy wine,** wormseed, myrtle, laurel, marjorem, peppermint,

1. Contains a terpene, C,oH,„ identical with citrene and carvol.

2. See Schimmel 8 Semiannual Report, 11K)6, 41.

3. The solvent power is said to be due to salviol, the latter increasing with the
age of the oil; hence old and partially resinified oils of sage are more energetic
solvents than when freshly distilled.

4. .\ccortling to Bruylants (J. Ph., 1877, (4), 26, 393; Ber., 1878, 11, 449; Persoz,
C'.R.. 1839, 8, 433) the cellulose nitrate solvent constituent is tanacetyl hydride,
which is present to the extent of about 70%.

5. The latent solvent is eugenol and isoeugenol, caryophyllene l)eing a strict

non-solvent. Therefore the solvent value of this oil is in direct proportion to the
amount of eugenol present.

6. Exists in three (o-, m-, and p-) modifications. The commercial product
consists mainly of meta-tiinitrobenzene, colorless needles, melting at 90°, and
readily soluble in boiling alcohol. The trinitrol>enzenes, of which the sjyTnmetrical

derivative is the most inportant, have also been patented as latent solvents, and
on account of higher boiling point, are less volatile and possess a less pronounced
odor than the di- or mono-nitroljenzenes.

7. The odoriferous principle of the tonka Ijean, and used in combination with
vanillin, for "compound " extracts of vanilla. The cost of coumarin lias never
caused it to be used. The same may be said of vanillin, heUotropin, menthol,
thymol, eucalyptol—somewhat similar bodies.

8. This oil consists of t^obutyl wobutyrate, wobutyl angelate, amy! angelate,
amyl tiglate, hexyl angelate, hexyl tiglate, and anthemol. (Fittig and Kobig,
Ann., 1S79, l»o, 106; van Rominirgh, Rec. Trav. Chim., 1886, 6, 220; Demar5ay,
C.R., 1873, 77, 360), all of which, with the possible exception of the last-named
constituent, are direct active solvents.

9. Solvent effect due to anethol and phellandrcne (Cahours, Ann., 1842, 41, 75).

10. .\t present very expensive.
11. •\ peculiar, agreeable-smelling colorless liquid, difficultly soluble in water,

rea<iily in alcohol and ether. Present in crude spirit, and in imperfectly oxidized
alcohol, .\cetal is said to Ix; an energetic, direct solvent with the proper boiling-

point (104°) for satisfactory volatilization, the cost, of production only preclud-
ing its extended use.

12. The apparently abnomially high solvent action of certain wood spirits have
been trace<l to large amounts of acetal contained therein.

13. This explosive liquid has Ixjen exploite<l as an efficient solvent for refractory
aml>er and copals. E. Liebert (D.R.I*. 51022, 1889) proposes to a<ld it to nitro-

glycerol to decrease its sensitiveness to shock.
14. A yellowish liquid smellint; like iiitnjus ether; Ixxomes acid on exposure

to air.

15. Light oil of wine is obtained in the preparation of ether by distilling alcohol
with sulphuric acid. (For composition set* Hartwig, J. pr. ('., 1881, (2), 23, 449).
Heavy oil of wine, which passes over when the tera|)erature is raised above the
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rue, cinnamon, palmarosa, rosemary or crigeron. In patent 269340,*

by mentioning amyl acetate, Stevens laid the foundation upon which

the modem pyroxyUn industry has arisen. It was found that the

essential oils, while excellent solvents, were too costly for general

use, and with the exception of a few, have never passed beyond the

experimental stage.

J. Jarvis 2 in extending the latent solvents found dammar, guaiac

and mastic useful in the proportion of pyroxylin 100, gum resin 40, with

alcohol (wood or grain) 50 parts, adding a small amount of camphor

to decrease brittlcncss, if desired. In conjunction with camphor,

O. Amend ^ has obtained protection for the use of amyl chloracetates

as a-direct solvent,* while the next year A. Orr ^ was granted a patent

for a liquid which he calls "chloracetate of chloramyl," which appears

to be a physical mixture of amyl acetate and chloride.

C. R. Schiipphaus, in behalf of the American Zylonite CJompany

of New York, was granted in 1889 a series of United States Patents

embracing latent cellulose nitrate solvents, and comprising * propyl

and isobutyl alcohols,^ anthraquinone in alcohol,® isovaleric aldehyde

or its derivatives,^ amylidendimethyl- and amylidendiethyl-ether,'^

boiling point of ether, consists of ethyl sulphate, mixed with olefines (Claesson,

J. pr. C, 1880, (2) 19, 259; Serullas, Ann. Chim. Phys., 1828, (2), 39, 152). Both
are excellent pyroxylin solvents, but too costly for commercial use.

1. A disclaimer filed Feb. 18, 1896, to U.S. P. 269340, disclaims photographic

sensitized solutions, pyroxylin compounds or solutions used pharmaceutically

or for surgical purposes, oil of spearmint, methyl nitrate, methyl salicylate, amylic
ether, and oils of melissa, birch tar and pennyroyal. Recites E.P. 2359, 1855;

2675, 1864; 3651, 1868; 1603, 2510, 3102, 1869, U.S.P. 105338, 156358. Dis-

claimer to U.S. P. 269344, filed same day, includes, " any pyroxylin compound
other than those used for manufacturing purposes as distinguisKed from such
pyroxylin compounds as sensitized photographic solutions and pyroxylin solutions

used for pharmaceutical and surgical purposes." Disclaims u.se of fusel oil in

pyroxylin combinations which are not used for manufacturing purposes, and fusel

oil in conjunction with oils of hyssop, tansy, wormseed, cinnamon (light), sassafras,

and chamomile; acetal and amyl nitrite and nitrate.

2. U.S.P. 329313, 1885.
3. U.S. P. 371021, 1887; reissue 10879, 1887; chloracetates of amj'l include

th'! three chlorine substituted acetic acid esters, i.e., amyl monochloracotato,
dichloracctate and trichloracetate. The amyl chloracetates boil at much higher
temperatures than amyl acetate.

4. U.S.P. 372100, 1887, O. Amend, comprises amyl chloral, monochlorvahTal-
dehyde, dichlorvaleraldehyde and amyl chloride. Of the eight known isomeric
amyl chlorides, the isochloride boiling at 90.5° is the Ijest known and most readily
prepared. It is a feeble direct solvent.

6. E.P. 487. 1888; abst. J.S.C.I., 1889, 8, 204.
6. U.S.P. 410204, 1889. 7. U.S.P. 410205, 1889.
8. U.S.P. 410206. 1889.
9. /aovaleric aldehyde (valeral), formed by the oxidation of amyl alcohol, is

a neutral oil, with pungent fniity odor, readily polymerizes on keeping, and mixes
with alcohol and ether. It Iwils at 92.5°, and is difficultly soluble in water. Val-
eral, like acetaldehyde, and the other lower meml)er8, does not dissolve the cellu-
lose nitrates directly, but only when in a " mixed solvent."

10. /«oamylideneacetoacctic ether, and tsoamylidene-m-amidobensoic acid are
both stated to l>e direct solvents.
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«- or /9-naphthol in alcoholic solution ' glycerol acetate,* especially

as a base for a pyroxylin plastic printing ink,^ and palmatin * and

stearonc * in alcoholic solution.

As resin lacquer solvents, Lamb and Boyd in 1889 patented the

use of combinations of fusel oil and benzene, decreasing the amount

of fusel oil to increase the speed of evaporation of the lacquer. The
late August Seher followed three years later ^ willi a scries of ketones

as direct solvents, and which included propion,^ butyron,* capron,*

methylethyl ketone, methylpropyl ketone, methylbutyl ketone,

1. US. P. 410207, 1889.

2. U.S. P. 410208, 1889. Glycerol forms a mono-, di-, and tri-acetate, known
respectively as monoformin, ditormin and triformin. They are heavy oily liquids,

resembling in physical appearance glycerol, and like the latter, dry very slowly.

This property Scniipphaus proposes to utilize in his process as described in the
above patent, for tne production of printing inks, which would have as a basis a
cellulose nitrate solvent, so that the impression from the press would actually
dissolve the superficial pyroxylin coat, and thus form a firm anchorage.

3. U.S.P. 410209, 1889.

4. Glycerol, being a tri-hydric alcohol, can form esters with one, two, or three

monovalent acid radicals. Similarly to the three nitroglycerols, or acetoglycerols,

combination with palmitic acid, resulting in the formation of mono-, di-, or tri-

palmatin is possible. The latter constitutes some of the natural fats. Great press-

ure is reauired to cause pyroxylin and the palmatins to dissolve. In U.S.P. 59S648,
1898, Scniipphaus records discoveries made with similar bodies, and produced by
introducing another acid radical into the acetins and allied substances, whereby
the objectionable hygroscopic qualities are absent without serious impairment of

the solvent power. When a current of HC'l is passed through a mixture of equal
volumes of glacial acetic acid and glycerol heated to 100°, acetodichlorhydrin
(isomers) is formed, which is saponified and a dichlorhydrin results. Hence the
technical product consists of both. Acetochlorhydrin is not hygroscopic and is

more particularly valuable in its application in printing inks for pyroxylin sur-

faces. By introducing the acid radicals of benzoic, oleic and nitric acids into the

acetins, it is claimed closely allied glycerol esters of distinct value, are formed.
Glycerol monobenzoate (monobenzoin), benzomonoacetin, benzodiacetin, benzo-
chiorhydrin, monoolein (glycerol monooleate). oleoacetin, oleodiacetin, oleoacetates

or acetooleates of glycerol, dinitromonacetins and mononitrodiacetins are combi-
nations named which appear to be of more or less value.

5. This is a ketone of the same class as acetone. It is di-heptadecyl ketone,
an oily liquid, obtained by heating stearic acid to 210°. Its solvent action is only
apparent upon pressure.

6. U.S.P. 470151, 1892; J. H. Stevens (Ui^.P. 595355, 1897), adds ethylpropyl,
ethylpentyl, ethylhexyl, propylbutyl, propylpentyl, propylhexyl and butyl-
pentyl ketones.

7. Diethvl ketone (metacetone) is a mobile oil lighter than water, and very
soluble in alcohol and ether. It \hh\s at 101°, smells like acetone, is an excellent

p>Toxylin solvent, and is present in an impure form in the commercial acetone
oils in combination with methylethyl, methylpropyl and dipropyl ketones. As
a general solvent, diethylketone is superior to onhnary (dimethyl) acetone.

8. Dipropyl ketone boils at 145°, and diiV«opropyl ketone at 124°. Both
resemble acetone in general properties, being superior to the latter on account
of lower volatility and less hygroscopicity. \ mixture of these two ketones in

equal proportions is said to pnxluce a solvent which nearly simulates amyl ace-

tate in physical l^ehavior, and is superior in that it is a mtich more energetic solvent
of resins and essential and fixo-.l oils. .\lso valerone (dibutyl ketone).

9. Di-n-amyl ketone. l)oiling at 22(j° and prepare<l by di.xtilling, calcium cannv
;»t«-. is saul to f>r the principal constituent in commercial heavy acetone oil (which

'

i, mrltinir at 1.5°, but readily soluble in other "ketones.
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methylamyl ketone, methyl valcral ' and cthylbutyl ketone. These

bodies are contained in the various fractions of commercial " light

"

and " heavy " " acetone oils," and are excellent solvents of both

pyroxylin and resins.^ The next year Leonard Paget ^ registered

five U.S. patents in which he claims the discovery that mixed ethers

obtained by the etherification of methyl, ethyl, propyl, butyl and amyl

alcohols in the presence of a dehydrating agent as sulphuric acid,

result in the formation of direct and indirect solvents of distinct value.

Direct solvents are claimed to result when ethyl alcohol in excess

is combined with fusel oil, and indirect solvents with butyl and amyl

1. Methylacetone (methylethyl ketone) resembles acetone very closely. It

is an agreeable-smelling liquid, boiling at 81° (same temperature as ethyl alcohol).

It is superior to acetone as a solvent in every respect, possessing all the desirable
properties of the latter, and in addition is less volatile and hygroscopic. A mix-
ture of methylacetone and ethyl alcohol forms a solvent boiling at the same tem-
perature, and much superior to the ether-alcohol combination, the methylacetone
allowing of greater attenuation than ether without destroying the solvent efifect

due to the increasing increment of alcohol. Methylpropyl ketone (ethylacetone),
boiling at 102°, is a liquid but slightly soluble in water, methyl t.sopropyl ketone,
(dimethyl i-acetone, amylene oxide), a liquid boiling at 94°; methylbutyl ketone,
and other mixed ketones, are constituents of commercial " acetone oils."

2. In the usual process of manufacture of acetone (U.S.P. 385777, 393079,
1888; 535552, 1895; 608019, 1898; 648389, 1900; 835501, 1906; E.P. 2816, 1898;
25994, 1901; 9936, 1902) the pyroligneous acid consisting of acetic and higher
homologous acids is neutralized with milk of lime, the calcium salt dried and sub-
jected to destructive distillation, ketones resulting. When the distillate reaches
the neighborhood of 62° (acetone boiling at 56.5°) the receiver is changed, the frac-

tion from that temperature up to about 125° being retained separately as " light

acetone oil," and above 125° as " heavy acetone oil." But little has beei done
in the use of the heavy oil as a pyroxylin solvent on account of difficulty in puri-
fication, characteristic pungent odor and low volatility. The lighter oil is a valuable
solvent and finds ready market in the lacquer and imitation-leather industries.

It is necessary to further purify it before use and this is done by first distilling

with a small amount of ferric, cupric, stannous, manganous, nickelous or cobaltous
chloride (not calcium or magnesium chlorides), after which is is given a fin'il dis-

tillation with sodium thiosulphate, phosphoric acid, acidified oxalic acid, barium
peroxide or perborate. Thus prepared it is a colorless limpid liquid, not hygro-
scopic, difficultly miscible with water, miscible with alcohol, chloroform, ether,

fusel oil and amyl acetate, and an excellent solvent for pyroxylin and resins. The
" heavy acetone oil " should prove a useful ingredient in solvent paint removers
on account of its low volatility and deep penetration. (For full descriptions,
manufacture, etc., see P. Baechland, Rev. Chim., Ind., 15, 133, 240; G. Michaelis
and W. Mayer, E.P. 8523, 1885; F. Crane. E.P. 6543, 1892; J.S.C.I., 1898, 17,

266, 485; 1899, 18. 292. 405; 1902, 21, 164, 1271).
3. U.S.P. 494790, 494791, 494792. 494793, 507749. 1893; a mixture of sul-

phuric acid 25, fusel oil 25, woixl alcohol 15. grain alcohol 10 (all parts by weight)
are distilletl together and the distillate rcdistilletl with 15% of its volume of glacial

acetic acid. Or to prepare acceptable mixtnl ethers, for 25 parts cone, sulphuric
acid take (a) ethyl alcohol 15, methyl alcohol 10, fusel oil 50; or (6) methyl alco-
hol 25, fusel oil 50 (all parts by weight). The solvency of the latter combination is

greater than the former, whereas, as is well known, a mixture of the above named
alcohols in the quantities stated would exert little, if any. dissolving effect on
pyroxylin. These simple and mixed ethers were found difficult to obtain neutral,
and offere<l but little advantages over amyl alcohol and ether in simple mixture.
Moreover if the etherification was not very carefvillv conducte<l the s<ime ethers
were not always produced in equal amounts, and the solvents resulting lackc<l ia
uniformity of action.



SOLVENTS AND NOXSOLVENTO 153

alcohols.' J. INil - (.\t«'iul<'«l iliis i.U'u of chemical combination of

two or moif siiuplf solvents, and evolved ethyl aocto-acetatc (aceto-

acetic ester) to dissolve pyroxylin directly, methylate<l ether ^ being

claimed to possess similar properties. C, liorgmeyer extended the

list of active solvents and combinations containing them, by the

introduction of certain essential oils as oil of lemongrass,* oils of cedar

leaf, bitter almondtj, rue, pimento,* synthetic oil of cassia (cinnamic

aldehyde,)^ Chinese cinnamon, hemlock, wormwood, caraway chaff,

savin, cajeput, spruce,'' sandalwood, cubebs, ginger, bay, clove buds

and citronella,* synthetic oils of sassafras, red thyme, tansy and

peppermint,® or a combination of ozonized oils with chloracetatcs.**^

G. Zeller in 1894 described a series of indefinite bodies** obtained

by subjecting an alcohol to the action of an oxidizing agent in the

presence of a compound organic acid, combining the aldehyde and

acid radical to a series of "aldesters," benzine '^ and hydrochloric

1. In Ui?.P. 507749, improvement in the solvent power of weak solvents is

claimed by the addition of an ozonizing process by ozone prepared by the electrol-

ysis of air, the ozone being freed from moisture before use. The solvent action

of oil of camphor l)ecomes greatly increased, it is claimed, by being sprayed into a
chaml)er containing ozone; oil of turpentine, practically a nonsolvent of pyroxylin,

treated \»-ith ozone to saturation, becomes an active solvent; oil of caraway seed,

which is practically non-drying, although a good pyroxylin solvent, becomes pos-
seissetl of drj-ing properties upon being ozonized; improvement in solvent power
of methyl alcohol, acetone, acetal, ethylamyl ether, fusel oil and camphene is

claimed to result when acted upon by ozone.
2. F.P. 233727, 1893. abst. J.S.C.I., 1896, 15, 729.

3. A physical mixture of methyl alcohol and ethyl (ordinary) ether.

4. Ui^.P. 502546, 1893; known scientifically as Oletun androp>ogan citrati, is

a powerful, active solvent of pyroxylin, yielding clear, thin solutions, the draw-
backs being slowness of evaporation and cost.

5. U.S.P. 502547, 1893; oil of cedar leaf, lieing the cheaper, would be preferable.

6. U.S.P. 502921, 1893; an excellent solvent, but of powerful odor and too
costly.

7. Ui5.P. 50.3401, 1893; they are not active solvents individually, but only
when in combination with ethyl alcohol; oil of caraway chaff is much less expensive
than oil of caraway seed (U.S.P. 269344). The alcohoUc solutions are all miscible

with each other.

8. U.S.P. 503402, 1893; the solvent action of the above named six essential

oils is retarded by the addition of fusel oil to any on either of them, while oils of

ginger, bay, clove buds and citronella with grain alcohol are active solvents, oil

of sandalwood or cubebs with ethyl alcohol has no dissolving effect. Oil of cloves

(U.S. P. 269;J4()) separates out from many pyroxylin solutions, while oil of clove
butis does not do .so, and requires no heat to develop its active solvent power.

9. Ui^.P. 504905, 1893; artificial sassafras oil consists mainly of safrol; arti-

ficial oil of red thjTne of thj-mol; artificial oil of peppermint by distillation together
of Mentha pulegium (European pennyroyal) and Mentha crispa (common curved
leaf mint) with lemon peel.

10. Uis.P. 507964, 1893, ('. Borgmeyer and L. Paget; to form a lacquer dry-
ing evenly at atmospheric temperatures the inventors take amyl acetoacetate
20, ozonized fu.««l oil 5, wod alcohol 5, l)enzine 15 (all gal.), and dissolve therein

20 lb. pyroxylin. The amyl acetoacetate may be sulwtituted by one-half amyl
acetate, the former combination l)eing preferable.

11. Uii.P. 51S:J86, 518:587. 518;J8K. 18*M; 55.5.^96, 18<»6.

12. A method of preparation of these Ixxlies woul<l l)e to take amyl alcohol 4,

butyl alcohol 2, acetic and formic acids each 1, and subject this mixture to the
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acid • being added before distillation. While solvents may Ikj produced

in this manner, their composition is so varied that it is difficult to

obtain d(?p<«ndable results by their use, and are not employed at the

present day. Emile Bronnert, in 1896, experimenting along lines

of artificial silk production, obtained satisfactory results with certain

nitroderivatives, and patented 2 methj'lated spirits, nitroglycerol,

nitrobenzene, binitrobenzene in alcoholic, ethereal or chloroformic

solutions, and nitronaphthalin ^ and benzanilid,'* priority of dis-

covery of the latent solvent action of the latter two being claimed.

Bronnert appears to be the first to endeavor to decrease the well-

known inflammability of the usual solvent combinations, using for

this purpose an ethyl alcoholic solution of calcium chloride, this

combination being but slightly inflammable, not liable to spontaneous

combustion or explosion on concussion, and at the same time pos-

sessing active direct solvent properties.'^ It should be noted that

the ready solubility of calcium chloride in water and its hygroscopic

nature would not render a lacquer comprising this combination

impervious to moisture or to the gases of the atmosphere. Although

Spill described the use of acetaldehydc, R. Strehlenert extended its

uses,^ both alone and combined with ethyl and other alcohols, and

Hellberg and Pertsch developed methyl and ethyl chlorides fcr the

same purpose.^ Upon oxidizing mixtures of the paraffin alcohols

as commercial fusel oil unrectified, with sulphuric acid antl chromate

action of sulphuric acid 2 (all parts by weight), with manganese dioxide 1, separat-
ing, neutralizing and redistilling the mixed solvent forme<l.

1. Benzine 2, is added to above formula before cstcrification.

2. A mixture of 8 parts ethyl alcohol and 1 part methyl alcohol, but a term now
including any combination of ethyl alcohol denatured with methyl alcohol. See
U.S.I'. 573132.

3. Mononitronaphthalin, a deep yellow crystalline mass, existing in several
isomeric forms, is a latent solvent, either in solution, or alone with pressure. The
di-, tri- and tetra-nitronaphthalins are said to possess similar latent solvent properties,
but their intense yellow color, which increases with the numln'r of nitro grouiK)
introducetl, is a serious drawback to their use, especially in light-colored com-
binations.

4. Benzoyl aniline, a crystalline body insolul)lc in water, but easily soluble in

etliyl alcohol, chloroform or ether. It has a melting point of 160° and its solvent
action is oidy active in the liquid state, it is clainuHl.

5. Other chlorides, bromides, iodides or fluorides of calcium, magnesium, iroti,

tin, copper, zinc, cobalt, manganese, nickel and some other metals, arc soluble in

alcohol, non-inflammable, anil are efficient in this «»spcct, but like calcium chloride
all are soluble in water, and hence not impervious to the atmosphere.

t). .AcctaUlehyde is a colorless, pvuigent-smelling li(|uid, difricultly soluble in

water, more soluble in alcohol and ether. It is found in the first portions obtairied
by rectifying .spirit that has l)een filtered through charcoal, the latter oxidizing
the alcohol to aldehyde. This fluid is not a direct solvent, exerting its dis.*<<ilving

IKJwer only in comi)ination. The aldehytles of propionic an<l the higher hoinol-
ogdtis acids have no commercial importance in th«s connection. The polymers of
aretAMehyde -paraldehyde and met«ldehy«le—have l)een us<hI little, if at all.

7. Methyl cnluride is a gjis at onlinary tem|>enitures, ethyl chlori<le boiling at
12**. Tlic volatility of cither is so great as \o preclude their extcndetl use as solvents.
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bichromate or i)orinanganate, there irsults a series of compounds of

obscure an*l \.ii>ing composition, which, however, are excellent

direct pyroxylin solvents.* If these alcohols be distilled with a dehy-

drating agent and benzoic or salicylic acids,^ methyl-, ethyl-, propyl-,

(t( , henzoates and salicylates are formed, all of which are active

solvents, the lower boiling point members being direct and those of

higher molecular weight indirect in their solvent action. They possess

the additional advantage of a pleasant and ethereal odor, and would

undoubtedly find extensive commercial use if the cost of Ix'nzoic or

salicylic acids could be lowered to a point where it might favorably

compete with acetic acid.

The use of liquid solvents composed of physical mixtures of simple

substances has been attended with more or less difficulty, due espe-

cially to the var\'ing volatilities, or lack of harmony or chemical incom-

patibility between the various constituent ingredients of the mixed

solvent. This is often apparent in evaporating a thin solution to

dryness, where the speed of evaporation varies due to the diversetl

solvent volatility, there appears considerable variation in surface

appearance and homogeneity of the film. J. H. Stevens has sought

to overcome this ^ by forming mixed esters of formic acid and adjust-

ing the alcohols, in such proportions that a continuous definite speed

of evaporation is possible. In order to approach in other solvents

the valuable properties of amyl acetate—its slow volatility and

immiscibility with w^ater—this inventor has devised a series of car-

bonic esters,* diethyl and diamyl carbonate being preferred—and

they are said to possess the advantage over amyl acetate in being

1. U.S.P. 559823, 1806, J. H. Stevens. A suitable compound may \)e prepared,
according to the inventor, by taking crude fusel oil 2, manganese dioxide 3, sul-

phuric acid 3, water 2 (all parts by weight), mix, place in a still and carefully frac-

tionate. Dehydrate over calcium chloride and neutralize. For the lower alcohols

as methyl or ethyl, a limited oxidation is considered preferable, equal parts of

wootl, grain and amyl alcohols l)eing distilled with manganese dioxide i, sulphuric
acid ^ and water 1 (parts by weight). The solvents are said to be better adapted
for use with amyl acetate and acetone.

2. U.S.P. 5.')9H24, 1896; J. II. Stevens combined wood spirit, grain alcohol,

crude fusel oil each 4, pota.ssium Iwnzoate 9, sulphuric acid 6 (all parts by weight),

which are mi.xed together and heated for about 30 minutes at 100°, water Ixjing then
a<ldetl, when the esters float on top. They are then removed, neutralize*!,

dehydrate*! and rectified.

3. U.S.P. 561624, 1896; in which methyl and ethyl alcohol and cruilc fusel

oil 1 part each, with potassium formate 3 parts (by weight) are distille<l with sul-

phuric acid 2 parts. Amyl formate is a most excellent direct solvent of pyroxylin,

superior in many ways to amyl acetate, two of which are less pronounce* 1

and disagreeable odor and lower boiling point, and hence quicker drying
properties.

4. UaS.P. 610728, 1898; methyl carl>onate is highly volatile, yet practically

immi!?cible with water; the amyl ester is of low volatility, insoluble in water, and
of but faint odor. In a pure condition they arc stated to l>e nonsolvents, a small

amount of alcohol rendering them active.
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nearly odorless. G. Walker ' has described a process of producing an

active solvent both of pyroxylin and resins, by fractionating the

tar from hard woods and rectifying the lighter portions. The liquid

has a very pronounced odor so that it is used in small amounts only

in pyroxylin formulas, but its dissolving property is so great that it is

especially useful in combinations where the solvent power is especially

low. These solvents are used commercially at the present day.

In 1903 Stevens 2 again added another series of mixed ethers

of the paraffin series and obtainable by distilling methyl, ethyl, propyl,

butyl and amyl alcohols interchangeably with a dehydrating agent

as concentrated sulphuric acid, the products so formed being direct

solvents.^ E. Todd "* has added to the possible number of useful sol-

vents, and attempted to increase the volume without a corresponding

decrease in activity of a given solvent, as amyl acetate, by adding

benzine to the fusel oil before acetation, whereby the yield of finished

product is increased, and according to the patentee, without serious

impairment of the solvent action.^ Schiipphaus adds ® methyliso-

1. U.S.P. 604181, LS98; by the term "hard woods" is understood the woods
of the leaf-trees—l>eech, birch, maple, and oak, for example—as distinguished

from the needle-trees, such as pine. When the tar of these woods is distilled in

a suitable apparatus until one-half of its weight of the tar has been distille<i at a
temperature of 100° to '^50°, the first half of the distillate will consist of pyro-

ligneous acid containing methyl alcohol and an oil lighter than water, together

with some oil heavier than water which has l)een carried over mechanically with
tlic aqueous vapor. This mixture of light oil and pyroligneous acid is separated
by settlement and decantation and the acid and a certain portion of ereosote which
it contains are completely removed from the separated light oil by agitation with
caustic alkali, after whicn the oil is resubmitted to distillation at a temperature
ranging from 1(X)-170°, a residue consisting of the oil heavier than water remaining
in the still. The di.stillate so obtained consists of a mixture of oils having boiling

points from 65-170° and sp.gr. from 0.H60-0.910, the mixture constituting the
material of solvent value. When the composition is to be used as a varnish, the
proportion of pyroxylin to the oil may Ins from 3-10% by weight, preferably

about 5%. For a plastic composition to be molded into combs, balls, and other
articles about 40-60% by weight of pyroxylin may he used. The tar of hard woods
aln)ve referreti to is obtained from the body of the tree or from both bo<ly aiul

bark, as distinguished from the bark alone. The odor may be partially maske^l,

and the color—ordinarily light yellow—entirely remove<l, by distillatioti with
ferric, stannous or cupric chlorides, in from 0.1 0.3% amounts by weight, followetl

bv a final rectification in the presence of a small amount of permanganate and phos-
phoric acid. This product l)efore final purification is sold in the Unite<l Stiites

under the name of " solvol " or "light solvol," and in France uiuler the name of
*' lignone." A " heavy solvol," consisting of a fraction lioiling alnwe 170°, is to
lie obtained, but the difficult ie'< in doixlorizing and rectifying it are much greater
than with the lower boiling point fraction. 2. U.S.P. 718670, 11)03.

3. Covering practically tne same ground as the patent of A. Seher.
4. U.S.I'. 384tK)r>, 1888; 4286.->4. 18«K); 4.')0264. 1891; 483701, 1802.
5. To the author's knowledge this methotl luis been repeatedly tried and untler

varying conditions upon a manufacturing scale, and the same proportion of ben-
zine introduced could always l)e readily determine<l in the distillate. Further-
more, the distilletl product apparently exerte<l no greater dissolving power than
a simple mixture of nmyl acetate and Ix-nzine.

6. U.S.1'. 741554, I'MW; sec also VJii.V. 410204, 410205, 410206, 410207, 410208,
410209, 1889.
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butyl (tht r.' ctliN l(.s<.l)ut\ 1 ctherj^ methylwoamyl ether,' and cthyl-

i«oaniyl cthor.^ These? solvents possess the well-known capacity of

ether in an ether-alcohol mixture, with a greatly decreased volatility

and which an much less miscible with water, hence readily obtained in

the anhyilrous state. I. Kitsee * suggests dissolving the moist cellu-

lose nitrate by exposure to fumes of the solvent, specifically acetic

acid.^ R. Riddle "^ employs an uninflammable solvent directly, phenyl

:i<tt:ite l>ein«; specifie<l. It, however, is difficult to purify this ester

fnim the phenol usually taken as the source for manufacture. 11.

Chute * fractionates wood spirit, reserves the lower boiling-point

portion, est<»rifies the residue into methyl and ethyl acetates, and

tnixes with the methyl acetone first reserved. L. Paget,® following

till iilr;i of Toild, mixes fusel oil (5-8 parts), wood spirit (2-3), and

benzine (1-2), dehydrates with calcium chloride and distills with

acetic acid, while F. Greening ^^ obtains a satisfactory mixed solvent

l)y distilling together ethyl and amy I alcohol with an acetate, laying

claim to a higher solvent power than is obtainable by a single mix-

ture of ethyl and amyl acetates. G. Michaelis '^ leads gaseous methyl

ether into methyl alcohol, or ethyl ether into ethyl alcohol, or.inter-

cliangeably a n\ethyl into an ethyl derivative, in the presence of a

moderate heat and sulphuric acid, rectifying in the usual manner. '^ 13

1. A pungent smelling liquid boiling at 59° (under 741 mm. pressure). Methyl-
n-butyl ether lx)ils at 70°.

2. Can Ix* formed (Norton and Prescott, .\m. Chem. J., 1884, 6, 246), by heAt-
ing molecular amounts of ethyl and wohutyl alcohols. It boils at 78-80°.

;i. .\n ethereal smelling liquid, boiling at 91°. The above three ethers are not
direct solvents, resembling in this respect ordinary (diethyl) ether. They are
int«nded to be used in conjunction with an alcohol; those of higher Itoiling points,

with the higher l>oiling point alcohols separated in fusel oil rectifications.

4. Boils at 112°, and otherwise resembles the above.
5. U.S.P. 767944, 1904.

6. Such an acid compound would be of no value in a lacquer, waterproofing,

or artificial silk solution, and would be most applicable in the coating of incandes-

cent gas mantles.
7. U.S.P. 797373, liWo.

8. U.S.P. 845616, 1907; also D. Sutherland and W. McLaren, E.P. 28613, 1896.

9. U-S.P. 494790, 494791, 494792, 494793, 1893; E.P. 778^t, 1893. According
to the patentee, the liquid is a stronger and more active solvent of lx)th pyroxylin

and resins than is a mere mixture of methyl acetate, amyl acetate and benzine.

Equally good results, it is claimed, are obtamed where ethyl alcohol is substituted

for the fusel oil, or l)enzene or oil of turpetine for the benzine.

10. E.P. 5344, 1889.

11. Phot. Wochenbl., 1896, 22, 185.

12. The author states that collodion prepared by this solvent is extensively used
in .\merica in the manufacture of collodion emulsion paper, and is also recommen<le<l
for the wet collodion process. The collodion from this methyl alcohol process
<|iM>< not set so rapidly as that prepared with methyl alcohol, it is said, and the
j)l:iii' l)eing coated must therefore be laid in a horizontal position to harden after

pouring, otherwise an extremely thin layer will be formed.
13. According to V. Vendar (F.P. 37*2267, 1<K)6) the cellulose nitrates can Iw

gelatini»H| by the nitroacetins and nitroformins without the aid of a solvent, and
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Cellulose nitrate solutions are either solid, fluid or of an inter-

mediate stage. Where a solid compound results by acting upon the

nitrate with a latent solid solvent as camphor, the pyroxylin loses

all structural and cellular form and passes into a homogeneous col-

loidal mass. This solvent disintegration is termed " conversion."

A liquid compound may result upon immersion in a suitable solvent,

in which state the conversion, although invisible, is nevertheless implied

and recognized. This may be experimentall}' demonstrated by

evaporation of the dissolving liquid, leaving a structureless mass,

which by no known treatment can be transformed to the physical

state preceding conversion. The two terms conversion and solution

are therefore synonymously applied to the phenomenon of dissolu-

tion of a solid by a liquid. All simple active solvents produce both

conversion and solution, that is, a liquid, after having first dissolved

a cellulose nitrate, may be indefinitely diluted with the same solvent

without throwing the solids out of solution. The solution still con-

tinues, irrespective of the atteiuiation of the solids by continued

dilution. There are some essential oils, however, that produce con-

version of the pyroxylin, and then throw out their own excess, i.e.,

no more oil is assimilated than is required for the conversion proc-

ess, that of solution in the same oil being refused. Both may be

induced by mixed solvents (alcohol and ether) neither of which taken

separately have dissolving power. There is possible in this instance

the phenomenon of dilution of the solution with one of the solvents

indefinitely without granulation or appearance of precipitation. Dilu-

tion with the alcohol, however, soon reaches an observable limit.

In addition to conversion and solution, the factor of dilution enters

into consideration in the production of commercial cellulose nitrate

mixtures, especially where attenuation is desired. Neither methyl

(ordinarily) nor amyl alcohol are solvents of pyroxylin. Statements

this property is nude use of for the production of a plastic or a gelatinized explosive.
The method of preparation is as follows: Glycerol 1(K) k. and anhydrous oxalic
aci<l .50 k. are heat<Hl together at 140-150° for 20 hours. The pro<luct, consisting
of 125 k. of a mixture of glycerol and monoformin, is nitrated at 25° with a mixture
of 275 k. of strong nitric acid and iH) k. of fuming sulphuric acid containing 25%
sulphuric anhydride. The oil which separates is washed with water and a dilute
solution of sodium carlionate. It is pale yellow in color, has a sp.gr. of 1.57 and
contains 15.7% of nitrogen. This corresponds to a mixture of nitroformin 33%,
and nitroglycerol G7%; 100 k. of this mixture will gelatinize from 100 to 400 k. of

nitrocellulose, and an explosive of any rcijuired degn«c of plasticity or hardness can
thus l)c obtained. The <linitroacetin compound is obtained in a similar manner
to that almidy dcscril>ed. It lias a sp.gr. of 1.45 and contains 12.5% of nitrogen,
(ielatinization of nitrocellulose can also be effectetl by the addition to moist nitro-
cellulo.se of a basic act'tin soluble in water. If the water is then evaporated, gelati-

nization of the nitrocellulose takes place, aiivl the n'sulting plastic mjissran 1m> forme*!
into grains or flakes as demnxl.
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appear in the literature where nitrated cellulose ha« been fouml soluhle

in ethyl alcohol and anhydrous ether, hut examination of these iso-

lated instances have usually brought out the fact that the products

wtii latlier nitrohydroccUuloses, nitrooxycelluloses, or products

fonnetl by the nitration of the degraded cellulose molecule, or the

punty of the solvents used was open to question. There are isolated

soluhilify anomalies of the (•( lliilox' nitrates which are so inexplicable,

antl results reforded by investigators of unimpeachable veracity so

conflicting, that solubility statements of these esters should l)c accepUnl

\\\\\\ a slight latitude. The author has proven that with a ccllulo.se

nitrate of 11.18^,' nitrogen and entin'ly in.soluble in anhydrous (from

metallic sodium) ether, the addition of V/( absolute ethyl alcohol

induces 2.Q% pyroxylin present to pass into solution, the formula

u-< il Ix'ing o9f by weight of pyroxylin in 100 cc. ether. However,

a lilt ihyl alcohol containing ')'
i acetone is a ready solvent, whereas

">
, acetone mixed with amyl alcohol, both being equally anhydrous,

iius no appreciable dis.solving effect. Conversely, a pyroxylin solu-

tion at the point of precipitation may be indefinitely diluted with

anjyl alcohol containing 5% amyl acetate without throwing the solids

out of solution, whereas the same amount of amyl acetate in a methyl

alcohol, acetone-free solution, will soon cause the pyroxylin to be

precipitated. If a pyroxylin be dissolved in acetone, the solution

may be diluted to any extent with absolute ethyl alcohol without

precipitation ensuing, but with anhydrous amyl alcohol antago-

ni>ti(' ( viiUiK e soon shows itself in a clouding of the mixture. In tech-

nical solutions of the cellulose nitrates the solvents are seldom recov-

ered, therefore the limits of safety are usually approached in the various

formulas made, on account of the fact that in general, the non-sol-

vents are much less expensive than the solvents. Therefore it is evident

that statements of the solubility of a specific cellulose nitrate in mixed

soi\ ( nts only have a distinct significance when the degree of absolute-

ness of the individual solvents are specified and the proportions in

which they are present stated.

Classes of Solvents. The solvents of pyroxylin may be rationally

divided into (1) those which dissolve directly without pressure of the

application of heat as acetone and amyl acetate; (2) those which require

heat or pressure or both as camphor or naphthol, and which are

usually spoken of as latent solvents; (3) combinations of two or more

bodies, either of which separately exert no solvent action; e.g., alcohol

and ether, calcium chloride and ethyl alcohol; and (4) combination of

a solvent with undesirable physical properties (hygroscopicity of

acetone) with a nonsolvent which will overcome the same (amyl
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alcohol) and produce a desirable whole. To the third class, the term

indirect solvents has been applied.

Subdividing solvents according to their chemical composition,

it will be noted that all the liquids which have stood the test of time

are members of the aliphatic (paraffin) series of organic derivatives.

Those carbocyclic 0>t'nzene) derivatives are, with the possible excep-

tion of nitrobenzene, all solids (phenol, dinitrobenzenc, coumarin,

naphthols, naphthylamines, benzanilid, etc.). The alcohols, ethers,

k(^toneH and esters of the hydrocarbons methane, ethane, propane,

butane and pentane, comprise all the solvents of practical value.

Certain halogen-substituted hydrocarbons (chloroform, carbon-tetra-

chloride, pentachlorethane, etc.) are useful in connection with the

cellulose acetates, but do not dissolve the nitrates.

None of the alcohols or simple or compound ethers in their pure

state are solvents. Any simple alcohol mixed with any ether exerts

a decided solvent action. The acids are all solvents, the avidity of

solution rapidily diminishing with increased molecular weight. For-

mic acid is an example of the general observation that the first member
of a homologous series does not deport itself like the succeeding mem-
bers, and in this it is no exception to the rule. The acids are enabled

to dissolve pyroxylin and to retain it in solution upon dilution with

a larger amount of water than any class of compounds, acetic acid

being conspicuous in this respect, and holding pyroxylin in solution

when as much as 18% water is added. The alkyl esters (methyl,

ethyl, propyl, etc, formates, acetates, propionates, etc.) are all active

direct solvents, their activity, instability and commercial value and

cost of production decreasing with increased molecular weight (from

methyl acetate to amyl acetate) of alkyl, and activity, desir-

ability and cost increasing each way from the acetate with the same
alkyl. The normal esters are apparently more energetic solvents,

normal propyl acetate being a better nitrocellulose solvent than the

tsoacetate, while ethyl isovalerate is stated to be more efficient in this

respect than ethyl valerate. The formates or propionates, although

excellent solvents and which would be used in immense quantities

annually, have received only scientific interest on account of cost

of the raw material required in their formation. The simple and
mixed ethers higher than ordinary sulphuric ether (diethyl oxide)

have never l)een used to any considerable extent. This is not true

of the higher ketones, which in their partially purified form enter into

commerce as the acetone oils, and find extensive use. No aldehyde

with the possible exception of benzaldehyde has gone beyond the

experimental stage as a pyroxylin solvent.
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Although thor(» is ft wl<le difToroncc between the nature and appli-

cations of the licjuid ami solid roin{x)unds, the preferred liquid com-
pounds Ix'ing of an extremely fluid naturt; and the desirable solid

compounds comparatively hard and dense, in certain limited appli-

cations the distinction l)etween the two classes of compounds is not

marked. leaving out of consideration minor distinctions, the fluid

compounds are those in which the proportion of fluid is sufficiently

large to pertnit tlif solution to flow reatlily from one vessel to another,

and without the aid of mechanical means or elevated temperatures.

Conversely the solid compounds are those in which the proportion

of solvent is so small that the solution will not flow, but appears as

a solid, or thick, pasty mass, requiring the aid of rollers or other mas-
ticating apparatus, with or without the additional influence of elevated

temperatures, to render it capable of l)eing altered in shape, mixed
or otherwise manipulated. The latent solvents belong to the gen-

eral chuss of pyroxylin plastics, a plastic being a combination with

pyroxylin which, after b<«ing once solid, may be again .softened by
means of heat and pressure or both. A cellulo.se nitrate solution in

alcohol and ether when evaporated to dr}'ne.ss cannot be made into

a yielding or plastic ma.ss by the application of heat and pressure alone,

whereas if camphor in certain proportions be present, after the mass

has hardened from evaporation of the solvent, heat and pressure either

alone or combined will alter the mass to a readily moldable compound.*

The liquid compounds arc almost exclusively employed in simple

tian^parent solutions to be spread or flowed upon surfaces, with the

result of depositing thin films, as artificial cuticle, for protective

coatings for metal, wood or cloth, photographic films, or similar pur-

poses. On the other hand the solid compounds are made in large

masses of dense, opaque, homogeneous material, colored and formed

to clo.sely imitate natural products, marble, tortoise, ivorj', coral

and amlier. Further, they are so formed and of such a nature as to

be readily moldable or otherwi.se shaped, the plasticity being so com-
plete as to admit of their assuming any configuration. They are

1. .\lso the plastic compounds comprise those in which the solvents employed
give the sca.sone<l or curetl pro<iuct, in addition to the susceptibiUty of being
remolded into any desireil sha|)e by simple heat and pressure. The non-plastic
compounds compose those in wliich the solvents employed give a product susceptible
of lieing molded in blocks or masses, and seasoned or cured, and afterward cut,
turned, or carved into any desired form, but not adaptc«l to being remokled.
Such pla.stic compounds generally can of them-selvcs l)e cut, carved, or turned
into sheets or sliapes, as desired, as well as the non-plastic compounds; but the
converse is not efjually true—that is to say, the non-plastic compounds of them-
selves are not woll aflapted to l)eing remolde<l; but it is also proper to state that
the non-plastic comjwunds will become susceptible of lacing remoldetl by simply
incorporating camphor with them, or employing them in conjunction with camphor.
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shaped into nlu'cts, rollrd into tubes, rods or wiro, or molded into

ondlosfl shapes and forms. These again, by reason of their peculiar

composition and homogeneous solidity, are transformed into jcwdix-,

toilet articles, piano keys, collars and cuffs, etc.

It is not so much the application of mechanical methods or ingeneous

processes of mixing which is responsible for the present comparative

state of perfection of this manufacture, but, as has been stated, in com-

mon with the licjuid compounds, the progress of the art has depended

largely upon the discovery and application of new liquid or solid sol-

vents, or menstrua commercially valuable.

There is a wide difference between the action and applicuhility

of the liquid and sohd solvents.^ The former, being fluid, which, when-

ever used with pyroxylin, dissolve in and render the compound fluid

according to the proportion employed and other conditions, are not

dependent upon artificial heat, while the solid solvents of pyroxylin

are only useful at elevated temperatures, solid compounds residting

irrespective of the proportion of either pyroxylin or solvent present.

This confines this class of solvents, when used alone, to solid pyroxylin

compounds, and as these compounds usually soften again upon the

application of heat, to pyroxylin pla.stic compounds. With .solid

solvents like camphor, when combined with pyroxylin, the former

loses its distinguishing characteristics as a solvent in proportion as

the liquids are increa.sed in amount, although it still retains sufficient

of its peculiar nature to markedly modify the nature of the compound

by its presence. J. H. Stevens, the patentee of amyl acetate, has

discovered^ that some solvents are so different in their nature from

camphor that even this property disappears, and unless they are

combined with camphor, their usefulness is exclusively confined

to the solid compountls—or at least, whatever there is of utility in

applying them to this manufacture manifests itself so differently in

the various compounds as to make a broad distinction between their

application to liquids, as distinguished from solid conipoumls. That

is, liquid solvents are generally useful in all compounds of pyroxylin,

some solvents are more especially adapted to liquid than to solid

compounds, while bodies like camphor, which are more or less in

universal application, arc almost exclusively confined to the solid

1. As an example of the peculiarity of 8olvent.s, it may he mentionc<l that the
addition of the maximum of methyl or ethyl alcohol, and evaporation of the solu-
tion to dryneiw, produces a white film. Upon removal of moisture from the air

by refrigeration until the humidity hut slightly clouds the film, the addition then
of a nmall amount of camphor will clear it up at once. See J. H. Stevens, I'.S.P.
2(i'.W4:i, 1882. The observations of three <lissimilar solvents acting simultaneously,
are of interest to a Uh} Iiiiited numlx»r to admit of insertion here.

2. U-S.I*. 517987, lSft-1.
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modifications. Hence the action of liquid solvents is more apparent

and simple, while the discovery and application of solid solvents

—

the manifestationrt of which are only apparent under peculiar condi-

tions and by the results which they protluce—arc more difficult to

interpret.

It follows, therefore, that the number of known solid solvents

is fewer than the liquid ones, whose simple action has tended to render

their discovfry comparatively easy, although doubtless, as in the case

of camphor, solvents of great practical utility have l)een employed

in pyroxylin solutions for the protluction of definite effects, but in

such a manner that their maximum usefulness was masked, insuf-

ficiently developed, or in such a. way that their usefulness had an

inadequate opportunity for sufficiently instructive demonstration,

and what might have proved valuable inventions, if followetl up by

a proper course of experimentation, have been lost to the art. Some
of the previously enumerated solvents, having prove<l disappointing

to their discoverers or patentees, may l)c simply awaiting fuller develop-

ment, and in this possibility the value of their enumeration herein

lies.

The simple use of a substance in connection with pjToxylin, or

the mere discovery that certain menstrua will dissolve pyrox\'lin,

does not necessarily involve the availability of such menstrua as use-

ful solvents in the production of pyroxylin compounds, for some

materials which dissolve in or combine with pyroxylin solutions,

but their presence adds no new or useful feature, and therefore they

may be regarded as harmless diluents, unless they are actually det-

rimental—when the solutions, of course, are better for their absence.

Hence the mere discover}- of solvent properties of a substance may
he insufficient to convey any instructive idea to the art, and it is only

after a practical illustration of its utility such as to enable the user to

say that it is a useful solvent, that its applicability is proven beyond

the necessity for further experiment. Thus while the use of ether and

alcohol as the menstrua for the fluid compounds know as surgical

and photographic collodion Ls perfectly practicable, it is well known
that numerous attempts to utilize ether and alcohol in the produc-

tion of solid compounds were attended by a large waste of capital

and results so discouraging that these solvents were abandoned as

inapplicable to such manufacture, or, at least, unprofitable to use

by reason of the uncertain character of the result. In regard to solid

solvents the same hoKls true, but to a greater extent, and the mere

fact that the presence of a 8oli<l substance in liquid compounds residts

beneficially is no demonstration that it would also be useful in a solid
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compound, although the; ('(mvorsc might bo true. Thus, Cutting,

in 1854, adtlod camphor to cthor-alcohol collodion to obtain effects

beneficial in th(; evaporated solution when applied to photographic

purposes, but without the slightest intimation that camphor was

to be the substance which, through the later experiments of Parkes

and Hyatt, was demonstrattvl to be of extraordinary utility in manu-

facturing solid compoinids; and which, as a result of Hyatt's dis-

covery of its individual solvent powers when heated, became the

foundation of the present method of manufacturing solid nitrocellulose

compounds that has resulted in such a remarkable commercial and

financial success.

The fact that a solid body is a solvent of pyroxylin when melted

by heat so distinguishes it from all other substances, solid or liquid,

that a proposed use of any such body in making solid compounds

should invariably be based upon a knowledge of its solvent powers,

or such description as would enable the operator in the art to use it

understandingly. Nor does a simple description of the usefulness

of a solid body in connection with liquid solvents, even in the manu-

facture of the solid compound, convey a sufficiently clear and exact

idea of its usefulness alone, such as would enable the operator, with-

out experimenting, to employ in it connections where its individual

solvent powers would be demonstrated; for there are bodies soluble

in pyroxylin solvents which, while enhancing the solvent action,

exhibit a power to dissolve pyroxylin only when combined with other

solvents, and when used alone are utterly valueless.

Solvents may be appropriately divided into two classes, according

to their physical deportment upon evaporation, as to whether they

are hygroscopic or do not absorb water on drying. To the first class

belong those bodies of comparatively low boiling point and high

speed of evaporation, the ready volatility inducing the dew point

in the atmosphere in immediate contact with the evaporating surface,

whereby moisture is precipitated, and the solvent takes on a milky

appearance due to the precipitation of the dissolved cellulose nitrate

from excess of water present. To the first class belong methyl

and ethyl formates, acetone, ether, methyl, and ethyl acetates—all

liquids of comparatively low boiling point and ready inflammability.

Although the cloudiness is usually superficial and may be temporary,

it sometimes permeates the entire film.

An ideal solvent would be a colorless, neutral, uninflammable

and non-hygroscopic liquid, unaffected by light and air; a direct

solvent of both pyroxylin and resins, and the solvent power not

seriously attenuated by the presence of other solvents; miscible in
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all proportions with benzine, Ix-nzene, ethyl and aniyl alcohols and

acetates, hut insoluble in water, that it may readily be obtained anhy-

drous; of specific gravity less than one for ease in transportation;

boiling above 100° but under 150°, thus not too quick dr>'ing for

lacquers, nor too slow for rapid commercial work; free from acrid,

disagreeable or poisonous fumes upon evaporation, and not prone to

leave a residue of a characteristic or readily detected smell.

Laying aside the question of cost, certain solvents may be inad-

missible for technical use on account of some peculiar physical prop-

erty, as odor (nitrobenzene, phenol), toxicity of va|X)r when inhaled

(amyl nitrite), explosibility of vaixjr (ethyl nitrate, methyl nitrate),

too low (methyl or ethyl chloride), or too high boiling-point (phenyl

acetate, nitrobenzene), or too slow evaporation (the nitrotoluols).

The latter property of slow evaporation is of great importance in the

commercial application of pyroxylin lacquers, the clement of time

in coating a given area being of great importance where large amounts

are used continually.

Lastly, and of most importance, is the division due to cost of pro-

duction, and this is the factor which really determines the value of

a product for industrial use. If the cost of production Ix? prohibitive,

its application must of necessity be limited. The essential oils gen-

erally, vanillin, coumarin, and chloral; formates, propionates, buty-

rates, benzoates, salicylates, and oxalates of radicals forming fluid

compounds; the higher boiling ethers, acetal, acctaldehyde, amyl

and ethyl nitrites and nitrates all would be included in this cata-

gory of solvents. What may be termed the individual or selective

action of a solvent is quite remarkable. As is well known, camphor,

added to the nonsolvent alcohol, produces a liquid of high dissolving

power, while, on the other hand, camphor added to acetone and the

ketones in general, diminish their solvent capacity, and it is possible

to so mix acetone and alcohol that the addition of camphor, naphthols

or naphthylamines will not affect the solubility, irrespective of

the amount of the latter which may be added. The granular

appearance of a solution of pyroxylin in nitrobenzene may Ix;

entirely removetl by the addition of a small amount of camphor,

as also the opacity of an ethyl acetate solution when evaporating

to dryness.

It is intended to emphasize in the foregoing paragraphs that a

thorough, practical experience in the manipulation of cellulose nitrate

and acetate solvents is an essential to success in the arts embraced

within this work, and to the recognition and development of that

intimate and specific knowledge—more than to any other single
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factor—18 to be attributed the high degree of skill which these indus-

tries have attained at the present day.

Acetone (dimethyl ketone), is a colorless limpid liquid of peculiar

but pleasant ethereal odor and burning taste. It is miscible in all

proportions with water, alcohol, ether, amyl alcohol and amyl ace-

tate, dissolves copal, shellac, dammar, sandarac, elemi and mastic

readily, and is an excellent solvent for a wide range of cellulose nitrates

and hydrocellulose acetates. The pyrocelluloses or explosive cellulose

nitrates which are insoluble in ether-alcohol often entirely dissolve in

acetone, while any pyroxylin which is soluble in ether-alcohol, will dis-

solve in acetone with facility. Acetone solutions of the same pyroxylin

have a greater fluidity than if amyl acetate is the solvent. Although

pyroxylins have been described as being soluble in methyl alcohols,

the solubility of this ester in commercial methyl alcohol is due to the

presence of small amounts of acetone present as a normal impurity.

Perhaps the most important property of this solvent in connection

with the cellulose nitrates is its power to increase the dissolving

power of inert, or comparativelj' weak solvents, specifically methyl

and ethyl alcohols. However, acetone added to the paraffin alcohols

decreases their solvent action for shellac and copal, but not for mas-

tic. The value of acetone as a pyroxylin and resin solvent is in direct

proportion to its freedom from moisture and amount of higher ketones

present, the latter aiding materially in the ease of solution and the

desirable characteristics of the resulting combination. The low

boiling point (56.5°) ofthis ketone and its pronounced hygroscopicity

are the two drawbacks to its use alone, for with pyroxylins the film

is formed so rapidly as to be wrinkled and distorted, while the amount
of moisture absorbed during the evaporation to drj'ness is usually

sufficient to precipitate out the pyroxylin in a white friable form,

practically worthless for technical uses. For this reason acetone is

seldom, if ever, employed alone, usually entering into formuhis con-

taining higher boiling pyroxylin solvents. It is a ver>' quickly pene-

trating and active solvent, and a small amount added to a refractory

fonnula is often sufficient to cause the ingredients to readily unite,

even when the ketone is present in such small amount as to exert

no appreciable difference in the speed of evaporation of the finished

preparation. Acetone, therefore, finds its greatest use as an adjunct

to other and higher-boiling solvents, to increase their efficiency and

speed of penetration; to accelerate the dissolving power of feeble

solvents, or to produce a solvent combination with a nonsolvent;

and to impart desirable properties to pyroxylin solutions which arc

on the verge of granulation or precipitation from the introduction
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of un cxcetM of uondolvent, usually l)enzinc. Acetone and amy]
alcohol form an excellent nitrocellulose solvent, but this has no com-
mercial value, for upon evaiK)rati()n of such a solution to drj'ness,

the acetone is first dissipated, loaving the nitrocellulose to be pre-

cipitated out l)y means of the -liwi r-cvaporating, nonsolvent amyl
alcohol.

Ether (diillul o?cide) often called sulphuric ether from the fact

that sulphuric acid is used in its manufacture from ethyl alcohol,

formed together with alcohol probably the first solvent used to dis-

solve a cellulose nitrate. At the present tlay it is used in immense
quantities in (()iiil)iiiati()n as a solvent in the preparation of nitro-

cellulose containing artificial filaments and photographic films. The
higher nitrated celluloses used for militarj' purposes are in.soluble

in ether-alcohol, this solvent mixture being used to determine their

purity (i.e., absence of lower nitrates). The literature contains many
statements of the solubility of cellulo.se nitrates in ether, but the

author has never Ixtii al)le to (lissolve a pyroxylin in ether free from

alcohol. The lower nitrated celluloses gelatinize, but attempts to

filter such a gelatinized mtuss iloes not give a filtrate with a nitrogen-

containing residue. As is well known, ether containing as small

amount as 2' ^ of alcohol appreciably dis-solves pyroxylin, and as

alcohol is the usual impurity in commercial ether, from which it is

entirely reraoved only with difficulty, all statements of the solvent

action of ether on the ceHulose nitrates, in the writer's judgment,

should at least be accepted with some mental reservation. The
plif nonienon of two nonsolvents, alcohol and ether, combining to a
pyroxylin solvent is not an isolated instance, aqueous calcium chloride

anil alcohol, aniline and ether, phenol and ethyl alcohol, furnishing

additional instances of two non-solvents uniting to a fluid of solvent

action. The hygroscopicity and low boiling point (35°) would pre-

clude its use as a simple solvent, even if energetic. The cellulose

a''etate> are ins(ilul)le in ether.

Glacial Acetic Acid is a term applied by the various Pharnia-

'•opa'ias to acetic acid of at least 98^,c strength. Such an acid is

miscible in all proportions with alcohol, ether, chloroform, amyl ace-

tate, amyl alcohol and acetone, and is miscible with an equal weight

of fresh oil of lemon without turbidity. Acetic acid is the only fluid

whicli will dissolve irelatin, glue, casein, and the cellulose nitrates

and acetates, and through this solvent the many practical processes

for combining these products with each other have lx?en based. No
Uquid approaches acetic acid in the amount of water which may be

added to it and still preserve its pyroxylin solvent power, it being
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possible to add 12-13', ^ ot water directly to absolute acetic acid and

still have an efficient solvent. In practice, a« in the preparation

of acetic collodions, the pyroxylin is first dissolved in concentrated

acid, when the requisite amount o/ water is added gradually by means

of 25-35% aqueous acetic acid. The viscosity of the solution increases

with increased addition of water, although with the same cellulose

nitrate, acetic acid gives a lesser fluidity than ether-alcohol, acetone,

amyl acetate or mixtures of them. Acetic acid solutions of cellu-

lose nitrate or acetate clarify easily and filter readily. It has been

stated that a small amount of acetyl chloride added to glacial acetic

increases its efficiency as a pyroxylin solvent.

Nitrobenzene, known commercially as nitrobenzol and oil of

Mirbane, was first prepared by Mitscherlich in 1S34 by the action

of fuming nitric acid on benzene. The commercial manufacture

is very simple, it being only necessary to act upon benzene witli the

molecular quantity of nitric acid in the presence of some energetic

dehydrating agent, sulphuric acid being most efficient. One or

more of the hydrogen atoms of the benzene are replaced by the n'wvo

group, and where the reaction is arrested at the proper time, nearly

pure nitrobenzene results. The oily layer which floats on the top

is decanted, neutralized, and separated from watci- hy direct distillation.

Nitrobenzene is an oily liquid, usually colorless, of specific gravity

1.20, boils at 210°, solidifies at 3° in long needles and is practically

insoluble in water. It has a distinctive ^ml powerful odor >()iii(\\liat

resembling oil of bitter almonds (benzaldehyde) and inhalation of the

vapor is poisonous. It possesses a sweet. Inirning taste and is unin-

flammable. Its principal technical ux i- in tin })reparati()ii of

aniline and the production of magenta. " Light nitrobenzol," con-

sisting of the pure compound, and "heavy nitrobenzol." coni])ris-

ing admixture with dinitrobenzenes and nitiotolncnes ate tlie two

products used in the aniline dyestuti' iiuhistries. Formerly nitro-

benzene was (juite extensively used as a pyroxylin solvent on account

of its imniediate and penet I'ative action. It has lui n !vp(iitc(l as

po.s.sessing the property of inducing granulation without entirely

dissolving the cellulose nitrate. On account of its odor—tli.sagreeal)le

to many—its very slow evaporation, iuid the poisonous nature ot ii-

vapors, it has gradually fallen into disuse until at the present time

it finds but a restricted application as a vehicle for masking the smell

of intended secret pyroxylin lacquer formulas, for which it is \< i\

effectual.

Wolff and Focrster ' have invented a process for waterproolinL::

1. DIM'. 23808, 1883.
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guncotton consisting in dipping the- granules in nitrobenzene which,

acting upon the cellulose nitrate, hermetically surrounds it with a

moisture-repellent .skin.

Cellulose Nitrate Nonsolvents. In addition to those already

-t:iud, benzene and homologues, toluene and xylene, and the petroleum

naphthas • comprise the nonsolvt-nts of practical use. The interest

in water ;is a nonsolrcnt lies in the assurance of its absence. The
paraffin alcohols, methyl, ethyl, fu.scl oil and amyl, have a value

in addition to their non.solvont action, contributing valuable prop-

erties to solutions, as viscosity and regulation of the speed of drying

or case in filtration or clarification. Furthermore in any formula

in which resins enter, methyl, ethyl and amyl alcohols are important

ingredients from their .solvent action on the resins. Benzine of 62°

Be.-' is the most widely ux 1 i)etroleum naphtha on account of its

freedom from moisture and low cost, and the fact that it readily evap-

orates witliout residue. It shotiM not discolor concentrated sulphuric

a(iil darker than a light stiau ( olor. In all technical pyroxylin

solutions the limit of benzine is introduced in order to cheapen as far

as jx)ssible the formula. Benzine is the cheapest fluid entering

into a pyroxylin formula. One drawback to the use of benzine was

found in the fact that it refuses to unite or mix with methyl or ethyl

alcohols, although they be quite anhydrous. As the result of research

on the part of J. H. Stevens there was formulated a principle ^ now
known as Stevens' I.^w, which is to the effect that metjiyl or ethyl

alcohol will always unite with petroleum naphtha " when brought

in contact with any volatile lifjuid which is soluble in alcohol, but

insoluble in water." Examples of such li(iuids are fu.sel oil, amyl

alcohol, acetal, amylic ether, amyl nitrate, any of the amyl ethers,

chloroform, carbon tetrachloride, tetrachlorethane, ethylidene chloride,

methyl salicylate, ether, ethyl bcnzoatc or oils of sassafras, winter-

grtH'n. birch or cassia. This discovery was of great importance, as it

1. For maiiufiicturc, properties, applications and methods of storing and
transiwrtiiiK commercial Ixuizine, see M. Ilukusin, Caoutchouc et Gutta-percha,
190S. 5, 2504.

2. Benzine 71° B^. lias a sp.pr. O.dlts.'). and weighs 5.80 lb. per U.S. gal., while
62° Bd. has a sp.gr. 0.729 and weighs 6.1)7 II). ncr gal. In preparing coating com-
positions—and these are usually sold by weight—the heavier 62° B<5. l»enzine is

of importance, as it costs several time.s less than the composition is sold for. For
detection of benzene in alcohol by diazotizing, and combining with n-naphthol
to an orange azo color, see (J. Halphcn, J. Pharm. ('him., 11KX), II, 373. .Accord-

mg to Barl>oni (F.P. 350313, 1904) a non-inflammable l)eni:ine may be prepared
by acting with nascent chlorine, in the presence of iodine and carbon bisulphicia

upon benzine, then distilling over sulphur, washed with water, decante<i, treated

with 5% NaOH, drie<l over calcium chloride and filtered. For another proceai}

see B«>mf>r and Hti<s, F.P. 359044, 1905.
;i I > 1' \:<>i4. 1S92.
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enabled commercial wood alcohol to be used with benzine in the

production of cheap and at the same time satisfactory liquid mix-

tures containing pyroxylin.*

Chloroform (trichlormethane) is a nonsolvent of cellulose nitrates,

but dissolves the cellulose acetates with facility, and together with

acetylene tetrachloride, has been, until recently, the two most

important solvents for th(jse acetic esters. This liqiiid possesses

renuirkable solvent properties, dissolving camphor, sulphur, phos-

phorus, a number of resins and a large range of organic bodies.

Chloroform is preserved from the decomposing action of air and light

by the atldition of 0.5-1% ethyl alcohol, and additions of alcohol

up to 10% are said to have no effect on its solvent pwwer for the

acctylcelluloses. Pure chloroform is not combustible, but when mixed

with alcohol burns with a green-edged, smoky flame. It is always

technically anhydrous, being capable of dissolving but 0.44 gm. water

per 100 cc. at 20°, has a sp.gr. of 1.50 at 15V15°, boils at G2°, and is

miscible with alcohol, acetone, amyl acetate, amyl alcohol, ether,

benzine, benzene, and fixed and volatile oils.

Carbon Tetrachloride, lik(^ chloroform, is a pyroxylin nonsol-

vent, uninfhimnijible, an excellent resin - and camphor solvent, but,

unlike chloroform, does not dissolve the ((Utilose acetates. It is

1. In making a vanilsh or lacquer which will dry to a hanl brilliant film, Stevens
recommends as a harmonious mixture, commercial wood alcohol ;i2, fusel oil 7,

iH'nzinc 7, camphor 2.5, pyroxylin 2 (all parts by weight). Also wood alcohol

12, l)enzine 12, fusel oil 5; or wood alcohol 12, benzine 12, ether 3 (all parts by
volume).

2. L. And<w, ('hem. Rev. Fett- u. Harz-Ind., 1905, 12, 157, has made experi-

ments to determine the solubility of the raw materials used in the manufacture
of vaniish in carlwn tetrachloride with the following results: Insoluble (but ilis-

solving on the addition of a relatively small amount of alcohol or turpentine oil);

yellow acariod resin, gum benzoin, soft (so-called " spirit-soluble ") and hanl
Manila copal, gum mastic, sandarac, shelhvc, celluloid, and agat« shellac partially

soluble or swollen: calcium resinate, fusc<l lead and manganese resinates, the
former dissolving complet<»ly on the addition of turpentine oil, wliilst the latter

«l(«s not. Finely powdered Manila copal also swells up in the solvent. Soluble,
Syrian asphaltum (ami probably other varieties of asphaltum), Brazil copal (small
fragments swell up without dis.solving). Dammar rcsui (turbid solution l)ecoming
clear on the addition of 95% alcohol), gallipot, colophony, larch turpentine, fuseil

Zanzibar copal and amlwr gumlac. Shelhic is soluble in a mi.xture oi 70 parts by
weight of carbon tetrachloride and 30 parts of 25% alcohol, whilst sandarac atul

mastic dissolve in mixtures of 80-90% of carbon tetrachloride with 20- 10*' J of

spirit. It is thus possible to prepare two distinct types of varnishes acconling
to the proportion of carbon tetriichloride used, viz., ordinary l)rush varnishes,
which are thin, transparent and flow easily, and varnishes for dipping or pouring,
which, owing to the volatility of the carbon tetrachloride, cannot lie appliinl by
mean.s of a brush, but give a very brilliant coating when applii^i in other ways.
V'anuslu's containing fatty drying oils can also Ik* prepared by means of carbon
tetrachloride, and the adilition of as little lus 10% of tliis to the solvent makes the
vaniish transpanmt and to flow well from the brush. It (Urger proportions arc use* 1

the pnxluct can only Iw emphiyeil a.s a "dipping " vaniish. \ brilliant black
enamel vaniish for small iron articles can Ik; pre|)ared from asphaltum by means
of carbon tetrachloride, while copals give colorless varnishes.
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UiJtil in many formulas to <lefn«a.so tlu- innaiumal)ility of »«>lvml.s.

In the (I. Dilt'tte and J. Talalx>t process,' when added to the fol-

low in;: .-iil)>taii( < s ill the pro|X)rtions {^iven, non-inflummablc mix-
luii'.s are said to result; lx*nzene or mineral oils, al)out 15'

< ; aleohol

or oil of tur|H'ntine, about 50',- In the J. Ducruet method ^ 2.')-

30'
< added to Ix'nzene is said to render it al)solutely uninflannnabk?

and inconjbuatible. The density of carlwn tetrachloride is l.G, it

l>oils at 76°, has a vapor density of 5.3, and a latent heat of evap-

oration of 51 cal. as compared with IK} cal. for l)enzine.^ For use in

turpentine substitutes see Chapter MII.<

The Chlor-Ethanes, of which six arc possible and all known,
increase in lK)iling i)oint from ethyl chloride (12.5°), us<*d mainly as

a refrigerant local ani'sthetic, to hexachlorethane, which is a cr>s-

talline mass of camphor-like otlor, melting at 1S7-1S.S°. Some of

these bodies are assuming considerable commercial imi>ortance on
account of their low volatility, non-inflammability and excellent

solvent jwwer. Vinyl trichloride (,.9-trichlorethane, CHCI2 011201),

and ethenyl tridiloiide (a-trichlorethane, CCI3CH3), better known as

methyl chloroform, with b. pts. of 114° and 74.5° respectively, have
not received as much attention as the tetra- and penta-chlor deriva-

tives, the most ' important lieing sym-tetrachlorethane (acetylene

tetrachloride, vitran, CHCl2-CHCl2) \*hich is an excellent solvent

for a wide range of cellulose acetates, and in the hands of Ixjderer

«li<l imich Xi> bring forward the possibilities of the use of cellulose

acetate's in solution. Tetrachlorethanc is not a distinctive name on

account of existing in two isomeric forms, acetylidenc tetrachloride

((X.^l3.CH2Cl) boiling at 121>-130°.

Acetylene tetrachloride is a colorless, ethereal-smelling liquid, of

sp.gr. 1.614, at 0°, boiling at 147° corr. It will thus be seen that

this chloride has a l)<)iling point not far from that of isoamyl acetate
'^•^

' and it stands in much the same relation to cellulose acetate

- ain\l a( ( tai( to cellulose nitrate. It is an excellent solvent

lor shellac, dammar, sandarac, elemi, the softer copals, camphor,

sulphur, phosphorus and many fixed and volatile oils. Readily

miscible with alcohol, ether, chloroform, amyl alcohol, amyl ace-

tate and carbon tetrachloride; soluble less than K^ in water at 15°

and not affected by boiling water. The slight volatility and high

boiling point renders recovery after use a matter of simole distilla-

1. ¥.P. M\\r27. I'MM.

2. F.F. :J411,>.s, I'.HW.

3. SceChem.Trade J., 1900, 204; J. Duiixim-r, V.S.V. 71Mt)70, 1905.
4. For a simple method of pre|)aring tctranitromctluuie, aee F. Cbattawav,

Chem. Soc. Proc., 1910, 26, 104.
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tion. In the chemical industries it is extensively used to purify

substances through recrystaliization, is uninflammable and imparts

this property to combustible fluids when present in comparatively

small amounts. It has strong bactericidal action, and is an effective

<lisinfectant. Acet^'lene tetrachloride dissolves the lower cellulose

acetates more readily than the esters of higher acetation, and pos-

sesses the peculiar property of imparting plasticity to the acetates

when present in amounts varying from 7-15%. The uninflammable

plastic of Ledercr, largely used for continuous photographic films,

is cellulose acetate rendered plastic by the introduction of acetylene

tetrachloride.^ As yet, the uses of pentachlorethane have been con-

fined to solvent extraction. Acetylene tetrabromide (Muthmann's

Li(|uid) is used in microscopy, and for separating minerals by sp.gr.

Phenyl Acetate may be obtained ^ by heating phenyl phosphate

with potassium acetate and alcohol, by boiling phenol either with

acetamide,^ or by heating with lead acetate and carl)on bisulphide

to ITO"."* It may perhaps, be best prepared^ by heating 400 gm.

phenol in a flask with return condenser and fitted with a separatory

funnel. The phenol is heated to S0°, and then 332 gm. acetyl chloride

gradually introtluced by means of the funnel. The mixture is neu-

tralized with dilute alkali, fractionated from the water and is then

ready for use. Thus prepared it is an agreeable, ethereal liquid,

usually smelling strongly of phenol, from which it is eliminated with

difficulty, l)oils at 193-105° 6^ has a sp.gr. of 1.0927 at 15715°,8 not

readily miscil)le with water, but dissolves in all proportions in metl\v'l,

ethyl or amyl alcohols or acetates, ether, chlorform and carbon tetra-

chloride. It dissolves pyroxylin readily to a clear, transparent solu-

tion, usually tinged reddish from phenol, and this makes it unsuit-

able for use in transparent lacquers. The odor of phenol, which cUngs

with great tenacity, is also objectionable. Up to the present, no

method of production on a large scale has been proposed which will

admit of its extensive use. It evaporates too slowly to be very

1. For excellent article on '* Chloro-dcrivatives of Ethane and B'thylenc,"
see L. Clement and C. Riviere, C'aoutchouc et (iutta-percha, 1910, 7. 4021. l''<»r

method of manufacture, see Paskenasv ani M. Mugdaii, U.S. P. 804olt), lUOo: H.
Precht, U.S. P. S17188, HKX). For 'Physical and Physiological Properties," .sw
V. Veley, Proc. Roy. Soc., 1«>10, 82, 217. For solubility of cellulose nitrate in the
chlorhydrins, see Hemminj?. Must. Z., 1897, 46, 313; Ciriesheim-Elektron, D.R.P.
2048S3; .\ust P. 3.%66, 1909; D.R.P. 154657; -\ust. P. 21614, 1905.

2. Sorugham, Ann., 1854, 92. 317.
3. Cuiiresehi, ,\nn., 1874. 171, 142.
4. Broughton, Ann., Supp., 4, 121.

6. Cahours. Ann., 1854, 1)2, 316; Riddle, U.S.P. 797373.
6. HiHlgkins<ni and Perkin, J.C.S., 1880, 37, 481.
7. Krevsler, Ber., 18H5, IH. 1716.
8. Onmlorflf, Am. Cliera. J., 1888, 10, 370.



SOLVENTS AND NON-SOIAT.NTB 173

cxtonsivoly oni[)loyo(l, unless in connection with the manufacture

of solid compounds analogous to celluloid. The adhesion on glass

of a phenyl acetate solution of pyroxylin is good ; there Is no tendency

to wrinkle or peel, or to absorb atmospheric moisture. It is a ready

solvent for copal, dammar, sandarac and the resins in general, a

rather unusual property for a solvent of cellulose nitrate. Phenyl

acetate is uninflammable. It is not recorded that the correspwnding

tolyl and Xjiyl derivatives have as yet been employed technically.

Ik»nzvl arctntc would be too costlv.



CHAPTER V

FUSEL OIL AND THE AMYL AT/'OHOLS

History. The history of these alcohols commences with the dis-

covery of fusel oil in 1 785. In that year ^ Scheele noticed that in the

rectification of common brandy made from rye, after the major portion

of the ethyl alcohol had passed over, the distillate became turbid,

took on an offensive odor, and contained what he termed " fusel

oil." Pellatan^ next exuniined a similar product obtained from

potato brandy, but as he found therein spirit of wine, he came to

the conclusion that it was a compound in composition between the

latter sul^stance and an ethereal oil. Dumas in afterwards investigat-

ing the same subject, observed that a considerable quantity of a liquiil

may be separated by careful fractional distillation, boiling at 131..')°

and represented by the chemical formula C5H11O, from which an analogy

with the alcohols and ethers might with propriety be assumed. How-
ever, he afterwards considered it more rational to regard it as a sub-

stance more analogous to camphor or the essential oils.-' Some years

afterwards in investigating its chemical properties, Cahours^ came

to the conclusion that the substance is isomeric with wood or grain

alcohol, and gave to the compound the name " amyl alcohol " because

it had l)een found chiefly in spirit obtained by fermenting starch

(amylum).s The investigations of Dumas*'' aad Stas"^ confirmetl this

view, but Halard ^ went a step further and proved that it occurs in the

fusel oil formed in the fermentation of grape skins. Since that time the

amyl alcohols have been found as noniial ( oiistinuMiis iu all fusel oils.**

1. Crell. Ann., 1785, 1, 61.
2. Ann. (him. Phys., 1S25, (2), 30, 221; J. chim. mcHl., 1, 76.

3. Ann. Chim. Phys., 1834, (2), 66, 314; Ann., 1835, 13, 80; Dumas and Stas,
.\nn. Ciim. Phys., 1840, (2), 73, 128; Ann., 1840, 33, 143.

4. Ann. ('him. Phys., 1839, (2), 70, 81; Ann., 183i>. 30. 288.
5. See Pierre, Jahrsb., 1847-1848, 60, 66; Kopp, Ibid, 86; Person, Ibid, 91.

6. Ann., 1838, 27, 164; Riekher, Ann., 1847, 04, 336.
7. 1. c.

8. Ann. Chim. Phys., 1844, (3), 12, 294; Ann., 1842, 42, 111. See also Reynokis,
J. Phann., 1S40, (3), 16, 339; Chem. See. Quar. J., 3, 111; Ann, 1851, 77, 114;
SchIo8sl)erKer, Ann., IHrA), 73, 212; Favro and Silbermann, Ann. (^lim. Phys., 1853,
(3), 87, 461; Ann., 1853, 88. 163.

9. KoilHJ Ann., 1842, 41, 53; Wurts, Ann. Chim. Phys., 1854, (3), 42, 129;
and Perrot, have examined the ethers and fatty acids of fusel oil.
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For a long time amji alcohol was considereil to be composed of

but one compound, Biot being the first to cull attention to the fact

that this body possesses the power of rotatiiig the plane of polarized

light to the left.^ It remained for Pasteur to show in 18,55 that the

rotator>' powers of specific samples of amyl alcohol varj' according to

the sources from which they are ohtaineil. P>om this fact, he con-

cludetl that the Ixxly known heretofore as amyl alcohol, is a mixture

of varj'ing proportions of an optically active and an optically inactive

body, l>oth lieing representetl by the same chemical formula and per-

centage composition.2 These two substances were regariled as phys-

ical isomerides until Pedlar,^ by investigating their protlucts of oxida-

1. It is a unique property (for an alcohol) to rotr.te the plane of a polarise I

ray of light to the left.

2. In onler to separate these two IkkUcs, Pasteur dissolved the mixed alcohols
in concentrate<l sulphuric acid, ami neutralizetl with iMiriiim carl)onate, thus
forming the two I)anum amjd sulphates. It was found tliat the one derive<l from
the inactive alcohol (i-Holmtyl carbinol) was 2.5 times less soluble in water tlia:i

the other (from methyl ethyl carbinol), so that they could l>e separate<l in a stat.i

of high purity by repeated crystallization. He next converted them into thi>

corresponding sodium salts by precipitation of the l)arium amyl sulphates with
sothum carl)oiiate. And by distilling the respective sodium salt with sulphuric
or phosphoric Acid, the two modifications of the alcohol were obtained. (C R.,
1S5.5, 41, 2<.HJ; Ann., 96, 255). A more complete separation of the alcohols
is reachetl by conducting gaseous HCl into the mixture, /.wbutyl carbinol will
be etherifietl first, the inactive amyl alcohol remaining (Le Bel, Ann., l.SH:i, 2M,
119). Upon o.xidation, the first yields inactive, and the second, active valeric acil.
More recently, Markwald (Ber., 1001, 34, 479) alone and with McKenzie (Ber.,
1001. 34, 485) has investigated the amyl alcohols, and effected their separa-
tion by preparing the acid esters of several sul)stituted phthalic acids, but
usually found that the derivatives of the two alcohols were isomorphous and
yielde<l mixcti crj-stals. The acid finally selected as most convenient was nitro-
phthalic aciil, 1:2:3. This yields two series of acid esters differing in the 1 : or 2:
position of the amyl residue, accorduig to conditions. By Ixtiling 3 parts amyl
alcohol with 1 pwirt of the acid, and 3 parts sulphuric acid for seven hours, the
the Z-amyl acid nitrophthalates were the main proilucts. From the products of
esterification of commercial fusel oil there was comparatively little difficulty in
oljtainuig the inactive woamyl derivative in the pure state. After reputed
cr>'stallizations from carbon tetrachloride and benzene, it melted constantly at
95°. For the preparation of the optically active isomeride, the authors starteil
from a product obtained from fusel oil after a preUminary treatment by a modi-
fication of I^ Bel's method. Calculating upon the greater velocity of esterification
of the inactive alcohol when treatetl with ga.seous HC'l, they compute that Le Bel
"pruliably prepare<l a final protluct containing about 95% of the active alcohol. The
original pro<luct, containing almut 62% active alcohol, was converted into the
/-amyl acid nitrophthalic esters and the optically active ester separated after
an elaborate series of fractional crystallizations from benzene. The third method
ot separating the two alcohols of fusel oil, that of Rogers, is a modification of the
I>e Bel process in which the mixed alcohols are heated in closed vessels with highly
concentrated hydrochloric acid. F'rom 16 I. fusel oil, Rogers obtauie<l 250 cc.
of a product containing 88.5% of the active alcohol, after five operations. Mark-
wald claims timt active amyl alcohol ilifTere in oilor from the inactive isomer, and
does not pro«lucc the characteri.stic choking sensation, although the narcotic eff«»ct

appears to l>e mon* powerful, .\nother meth(xl of se[)aration consists in oxidizing
to the corresponding valeric acids, and forming the Imrium, quinine. or str\'chnine
salts. The salts derived from oxidation of the optically active alcohol are gummy,
while those from the inactive alcohol are crystalline.

3. Ann..'1868, 147 .1- l' -.1868,21,74.
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tion renderetl it probable that they tlo not po&sess an identical chemical

constitution. This conclusion has since been repeatedly verified.^

Occurrence of Fusel Oil. Those substances formed in the fer-

mented wash liquor or nuvsh as a result of fermentation, and which

constitute the higher boiling portion or last runryngs of ordinary

alcohol distillation, are known collectively under the name of fusel

oil.2 This liquid is not a definite substance, but of widely varying

composition from different sources, and from the same source under

different conditions. The composition of this complex mixture

is governed l)y the nature of the raw materials operated upon, and the

manner and length of the fermentative processes. With the excep-

tion of a few rare, and probably doubtful instances, fusel oil or the

amyl alcohols have not been found uncombined in nature outside

the various fermentative processes.

Composition of Fusel Oil. As an approximate expression of the

average composition of fusel oil, there is present one or more junyl

alcohols, with varying amounts of the lower homologous alcohols,

traces of acids and a considerable amount of water. Potato fusel oil

usually consists almost entirely of amyl alcohols, with but a small pio-

portion of ethyl. In some samples of fusel oil, butyl alcohol is fouml,

in fact it was in rectifying a sample of this fusel oil that Wurtz ^ dis-

covered butyl alcohol, and later ^ in the fusel oil from molasses. In

the last nmnings of the brandy distilled from the marc from grapes.

Chancel ^ detected propyl alcohol, and from a portion of the same
alcohol less volatile than amyl, Faget ^^ obtained a liquid which he

considered to be a hexyl alcohol. Rowney ^ found in fusel oil from

the Scotch distilleries, water, ethyl and amyl alcohols, and a colorless,

water-insoluble residue, containing capric acid and its amyl ester (amyl

caprate). Wetherill* found in neutral fusel oil obtained as a residue

in the preparation of grain alcohol, partly from maize and partly from

wheat, acetic and caprylic acids, together with (less distinctly inili-

1. Cf. Perrot. Ann., 1858, 105, 64; Mulder, Pogg. Ann., 1837, 41, 582; BerzeUus J.,

23, 456; Gaultier Clauhry, Ann., 1842, 44, 127; Rownev, Jahrsb., 1852, 499;
1851, 442; Wurtz, Ann., 1853, 85, 197.

2. There have been reported (H. Briem, Organ des Central Ver. f. Rubenzuoker
Ind. 0(wt. Ung. Monarchic, 1877, 180) instances of fusel oils l)eing found free or
nearly free from amyl alcohol. R. Schiipphaus (J.A.C.S., 1892, 14, 49) calls

attention to one such case (Wag. Jahrsb., 1875, 1882), which upon consultation
of the original article (.\. Freund, J. pr. C, N.F., 1875, 12, 25) referred to a fusel
oil distillate. The writer has exammed large shipments of fusel oil imported
into the Uiiitetl States, which were entirely soluble without turbidity in an equal
volume of distilled water at the room temperature, and which, therefore, must
have been nearly free from amyl alcohols.

3. C.R., 1852, :J5, 310; Anji., 1855, 93, 107. 4. Ann., 1855, 93, 107.
5. C.R., 1853. 37. 410. 6. C.R., 1837, 4, 730.
7. Quar. J.C.S., 4, 372; Ja"hrsb., 1851, 422; 1852, 449.
8. Chem. Gtu., 1853, 10, 251.
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catetl) formir, ciiproic ami enanthic acids, also ethyl and amyl, but no

butyl alcohol. Fehling' In the fusel oil from beet molasses, found

capric ami capiylic acids and neutral fats. When examined by

Perrot '^, fusel oil from beet sugar molasses gave a portion which

distille<l l)etween S(>-11(P, and contained ethyl, butyl and amyl alcohols

without any propyl. The liquid remaining after the amyl alcohol had

iKjen distilletl, pa.s.se<l over l)etween 140-300°. It consisted chiefly of

compoimd ethcfs.^ Capric acid * has been fouml in j)otato fusel oil,*

while in that from rum, Surinam ^ olitained palmitic and enanthic

acids and enanthic ether (ethyl enanthate),' while Rowney* found

I'.soamyl decoate.

Ordinar}' potato fusel oil consists primarily of isoamyl alcohol,®

that obtained from grain*'' l)eing quite similar in composition.*' The

nature of the fusel oil produced depends upon the class of the ferment-

ing organism. I'or instance, with Mycoderma cerevisiap (l)eer yeast)

there is fonne<l j'.sobutyl and tsoamyl alcohols, while with Mycoderma

ollipsoideus (wine yeast) aromatic smelling normal amyl alcohol results.*^

1. Jour. Pharm., 1854, (3), 25, 74. 2. C.R., 1858, 45, 309.

3. See A. Miiller, J. pr. C, 1H49, 46, 108; Jahrsb., 1851, 498.
4. W. Markwald (Ber., 1902, 35, 1595; 11K)4, 37, 1038) has examined several of

the fuj«l oils of commerce, and finds the relative proportions of inactive ».soamyl and
active amyl alcohols in them to var\- greatly according to the raw material from which
the oils were obtained. Four or five samples of each kind were examined, and it

was found that the amyl alcoholic fxjrtions of grain and potato fusel oil contained
as much as 48-58%; the latter material is therefore the best starting point for the
preparation of pure active amyl alcohol. Markwald, however, was not positive

.^s to whether the differences were due to variation in raw material or to methods
of manufacture. Yot capric acid derivatives in wine fusel oil from Hungary see

(Jrimm, .\nn., 1H71, 157, 264.

5. R. C. Schiipphaus, J..\..Ci5., 1892, 14, 45, has given a r^sum^ of the history

and development of fusel oil and the containetl alcohols. Cf. S. W. Johnston,
J.pr.C, 1S.>1. 02, 262; Faget, C.R., 1853, 37, 730; Wetherill, Cliem. Gaz., 185:i, 10,

jsl.

6. Jahrsb., 1858, 302; also A. Fischer, Ann., 1861, 118, 307.
7. Russian potato fusel oil has l>een thoroughly investigated by Th. Ri'idakoff

and A. Alexandroff (Chem. Zeit., 1904, 28, 187), in which thev found 2.7% n-propyl,

9.8% isobutyl, and 87.4% fermentation amyl alcohols, with but little hexyl alcohol,

acetaldehyde tUid furfurol. The presence of alcohols higher than the amvl series

must not be reganle^l as establislunl with certaiiitv, Perrot (C.R., 1857, 45, 309);
Clandon and Moran (C'.R., 1887. 104, 1187); and .Vtorin (C.R., 1887, 105, 1019), all

U'ing unable to definitely locate a hexyl or heptyl alcohol.

8. J.CJS., 1852, 4, 372. 9. Ann., 1835, 13, 80.
10. Colbe, .\nn., 1842, 41, 58; Mulder, Berz. Jahrsb., 23, 456.
11. Wetherill, Jahrsb., 18.53, 441.
12. Defuselation of alcohol. .\s fusel oil imparts to alcohol a very unpleasant

o<lor and possesses a toxicity greater than ethyl alcohol, it l)ecomes a matter of

considerable importance to remove as much as possible traces of fusel oil from
jMitato spirits. This is a matter of no small difficulty, and is seldom attained on a
practical scale by distillation alone, although a great discrepancy iK'tween the
iKjiling points of ethyl and amyl alcohols exist. Careful and slow rectification with
column stills re<luces materially the amount of fusel oil which may paiw over, but
filtration through animal charcoal or wood charcoal from beech or birch wood
manifosts itself in a peculiar manner in the apparently selective influence which it

amvl alcohol. To effect this defuselation with the minimum of charcoal,
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Wyschnegradsky ^ concludes from his investigations that normal and

i«oamyl alcohol and methylethyl carbinol are the three amyl alcohols

present, the latter member having been independently reported by

Bemont.2 Rabuteau ^ obtained from one liter of potato fusel oil the

following proportions of various alcohols^:

/sopropyl alcohol 150 cc.

Propyl alcohol 30

/sobutyl alcohol 50

Normal butyl alcohol 65

Methylpropyl carbinol 60

/soamyl alcohol 275

Products boiling above 132° and retaining amyl

alcohol 170

Water .125
Ethyl alcohol, aldehyde and ethyl acetate 75

the spirit may be caused to slowly percolate through a tall layer of the charcoal,

previously broken into pieces about the size of a pea. Treatment in the cold is

seldom resorted to, mainly on account of the unavoidable loss of spirit from l)eing

meclianically held in the charcoal. The usual procetlure is to add the charcoal
to the spirit in the rectifying apparatus, where it is subjecte<l to the influence of

the former at an elevated temperature, and by which the maximum absorptive
power of the charcoal may be taken aidvantage of. .\nother method is to pass
the vapor of the spirit through a column of charcoal, the latter being heated U) a
temperature which will not cause the licjuefaction of the gaseous distillate. Those
processes which have to do with the addition of various chemical agents to destroy
the fusel oil in the alcohol, in the main, have Ijeen ineffective. Peters (Dingl. Polvt.,

1848, 108, 79) prefers to add powdered manganese dioxide with the charcoal, while
slaketl lime (Hourier, ibid., 1847, 141, GS); soap lye (Xalhau, ibid., 1H46, 100, 80);
zinc chloride, ibid., 1S60, 158,378); calcium chloride (Stein, ibid., 1824, 13,429);
and (^uO ((Jnop. Pharm. ('entrahl., 1S47, 617). are among other chemicals suggested.
( I rote and Pinnetta (D.R.P. 41678, 1887) have patented a pnKess for freeing spirit

of fusel oil, by adding an ignited mixture of sodium or potassium nitrate to the
lifjuid liefore distillation, from 4r>-60 grams jK-r 100 liters ijeing used. This is said

to retanl the distillation of the fusel oil. The author's experience corroborates this

retardation, which may extend to an extent where the stills will refuse to distill

over, due to the formation of a thin deposit of nitrate on the sides of the still, which
deposit acts as an efficient insulator between the st«am in the still jacket anil the
spirit in the still. The action of charcoal is also applied to carl)onizing the jnsidc
of the barrels in which the spirits are stored, this carixmization, it is held, aidin>4

in the production and development of those ethers and esters to which the peculiar
aroma (Ijouquet) is due.

1. .Ann., 1878, IttO, 365. For isolation of amyl alcohol from fusel oil see Beck-
mann and BrUggemann, Z. (lenuss., 1899, 2, 709.

2. J.S.C.I., 1902, 21, 182.

3. C.R., 1878, 87, 501; J.Ci3., 1879, 36, 36; cf. Ordonneau, Bull. Soc. Chim.,
1886, 45, 333.

4. Schiipphaus (I.e.) ha<? cited the work of Berthelot (I.e.), Frieilel (I.e.). Men-
deleff, (Zeit. f. Chem., 1868, 4, 25), Chancel {CM., 1853, 37, 410), Pierre and Puehot
(Ann. Chim. Phys.. 18(58, (4), 22, 234). Kraemer and Pinner (Ber., i869. 2, 401;
1870,3, 75), and Perrot (C.R., 18.'»7. 45. .309), in supiwrt of the statement that
other investigators have faile<l to find the i.wpmpyl alcohol claimetl by Rabuteau
to liavc becu found in fusel oil.
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Karl Wimiisch • gives the following as the composition of one kilo

(water and ethyl alcohol free) fusel oil from potatoes:

Normal butyl alcohol 68.54 gm.
/sobutyl alcohol 243.50

Amyl alcohols 678.60

Free fatty acids 0. 11

Fatty acid ester. . 0.20

Furfurol and bases 0,05

In 100 parts free acids and acid esters from the same source there

was obtained

:

Capric acid , 36 parts

Pelargonic acid 12

Caprj'lic acid 32

Caproic acid 14

Butyric acid 0.5

Acetic acid 3.5

1. Morin (C.R., iaS7, 105, 1019) distilled 29 1. genuine cognac made in 1883 from
Charente Inferieure wine in the Claudin-Morin apparatus. The last fraction being
the fusel oil portion after dehydration with potassium carbonate weigheil 352 gm.,
and consisted of water, 7; ethyl alcohol, 130; normal propyl alcohol, 25; wobutyl
alcohol, 25; amyl alcohol, 175; furfurol, 2; and wine oils, 7 gm. The water con-
tained acetic and butyric acids, together with a small amount of wobutyl alcohol,
and apparently glycerol. The residue consisted of tannin and the residues extracte<i
from the woo«l. In the following table, (k)lumn 1 gives the percentage of the
comix>unds in 100 liters of the cognac, while Column 2 states the compounds
ol)taincd in the same manner from the fermentation of 100 kilos of sugar:

(1) (2)
.^J^lehvde traces traces
Ethylalcohol .'>0,S37.0 gm. .W,615.0 gm.
Normal propyl alcohol 27.17 2.0
/«obutvl alcohol 6.52 1.5

Amyl alcohol 190.21 51.0
Furfurol bases 2.19

\. Kailian (Monatsh., 1903, (7), 24, 5.33) has examined several samples of fusel

oil, incladini; commercial amyl alcohol free from pyridine, and amyl alcohols from
mohuwes spirit, com spirit and potato .spirit, in order to test the accuracy of a
statement by Bemont (J.8.C.I., 1902, 21, 182) that fusel oil consists mainly of

methylethylcarbincarbinol, which, on account of its low optical rotation, must be
present as a mixture of the dextro and laevo modifications. After determining
the physical characters of the different samples, they were converted into the
correspon<ling valeric acids, then into their sdver salts, which were s«?parated by
fractional crj'stallizations. The fu.sel oil from mola.sses spirit in this manner was
found to contain aljout .50% of ».sopropylcarbincarbinol. while all the other samples
of fu.sel oil containetl over 75% of this alcohol. The Iwiiance in each case was made
up of f-methylethylcarbincarbinol. the dextro modification l>eing absent. Kailian

found tliat the proportions of the two constituents calculate«.l from the solubilities

of the various fractions of the silver salts, confirm the approximate vaUdity of

Markwald's law, that the proportion of active amyl alcohol (f-methylethylcarbin-

carbinol) in fusel oil may Ixj calculated from the rotatory jKiwer. .See al.'*o Kailian

Essig-in.t., 1901, S, 325.
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In 1 kilo com fusel * oil there whs fouiid

:

Normal propyl alrohol . . , 36.90 gm.

/.sobutyl alcohol 157.60

Amyl alcohols 758.50

Hexyl alcohol 1-33

Free fatty acids 1.60

Fatty acid esters 3.05

Terpenes 0.33

Terpene hydrate 0.48

Furfurol, heptyl alcohol and bases 0.21

The free acids and acid esters in 100 parts by weight of com fusel

oil contain:
Free Fatty Fatty Acid

Acids. Esters.

Capric acid 44.1 40.7

Caprylic acid 26.7 34.8

Caproic acid 13.2 9.6

Hutyric acid 0.4 0.4

Pelargonic acid 12.9 14.2

Acetic acid 2.7 0.3

Kruis and Rayman^ find in potato fusel oil the following constit-

uents by weight

:

Ethyl alcohol 48.88

Normal propyl alcohol 0.85

/sobutyl alcohol 4.19

Amyl alcohol 942.42

Hexyl alcohol 0.19

Caprylic acid ethyl ester (ethyl caprate) 0.26

Caprylic acid amyl ester (amyl caprate) 1 .00

Capric acid O.OC)

Residue undetermined 1.45

Long and Linebargiu •' have examined fusel oil from American dis-

tilleries, who chiefly use corn and other raw grain. It had a sp.gr.

of 0,810 at 20°, and when dehydrated and separated b}' fractional

<listillation there passed over from one liter, as follows: 80-90°, 17 cc;

90-95°, 8 cc; 95-105°, 30 cc; 105-115°, 55 cc; 115-120°, 95 cc;

120-125°, 240 cc; 125-130°, 515 cc; 130-135°, 25 cc, and a small

1. Le Bel found 0.2. cc. (C.R., 1883. 9«. 19. i:J68) as the averajre amount of
fusel oil in natural whit* wines, and finds that pure sugar fermented with lieer

yeast yields less of these alcohols than wine or IxH^r. See Le Bel., Bull. Soc. Chim.,
1879. .^1, 104.

2. L.C. 3. J. Analyt. Chem., 1890, 4. 4.
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residue. A careful cxjimimilion of thase fractions showed that active

aiul inactive ainyl alcohol were the moat important constituents,

next in importance l>einK i«obutyl, i«opropyl and ethyl alcohols.

Traces of normal propyl and butyl alcohols are said to have been found.

Haitinger * and Bamberger and Einhoni ^ have called attention to the

presence of pyridine and 2:5-dimethylpyritIine and their homologues

in rectified fuseL oil, used in toxicological and alkaloidal analysis.-'' * *

According to Thorpe's " Dictionary of Chemistry," 2, 169, the following

list shows the alcohols which have, or are saitl to have been 8eparate<l

from fusel oil: ethyl, n-propyl, tsopropyl, n-butyl, tsobutyl, tertiary

butyl, active amyl, inactive amy I, methyl-n-propylcarbinol, n-pri-

mary amyl, a primary hexyl and a primary heptyl alcohol.

Methyl Alcohol, although not a constituent of fusel oil, in its

commercial form is extensively used as a cellulose nitrate solvent,

due to the small amounts of acetone which it always contains. Being

an excellent solvent of castor and blown cottonseed oils, it finds extensive

use in the preparation of coating compositions for the manufacture

of artificial leather, but always in conjunction with higher lx)iling

and less volatile liquids. As a solvent for shellac, dammar and the

majority of other varnish resins, it is far inferior to ethyl or propyl

alcohols. It is immiscible with benzine or benzene, but may be made

to unite in the presence of amyl alcohol. Acetone-free methyl alcohol

1. Chem. Zeit., 1882, 6, 961.

2. Ber., 1X97, 30, 224. Schrotter (Ber., 1879, 12, 1431) has also described a
base found in fusel oil. See Bechmann. J. dist., 1902, 19, 300.

3. Richmond and Goodson (.\., 1905, 30, 77) have reported the presence of

petroleum in an alcohol owing to the use of petroleum casks for the packing of the

alcohol. The authors state that as much as 4% of petroleum has been recorded

as found. This in a barrel of average capacity (45 gallons) would equal two gallons,

an amount entirely too high to be the result of accident, .\ccording to M. Prud-
'honmie (Rev. Mat. Col., 1*)0(), (4), 43, 20<.>), a slightly ulkaline solution of magenta
at the ordinary temperature imparts a red color to amyl alcohol containing valeric

acid, and gives a pink color to the same alcohol if soilium valerate be present.

The valeric acid present must be very small, for experiment demonstrated that

0..»% valeric acid imparts to fusel oil its distinct and chiracteristic odor, exceed-

ingly difficult to mask. S. F. Burford (J.S.C.I., 1905. 24. .391) reports distilling

commercial amyl alcohol which gave abnormal results in milk analysis and obtained

therefrom a high boiling point fraction (above 145°) possessing a distinct arid putrid

cheesy odor.

4. For fusel oil from madder root see Jeanjeau, .\nn., 1857, 101, 94.

5. .\slx)th (J.S.(M., 1H89, 8, 734) has examine<l a numlxjr of specimens of

amyl alcohol as solvents for picric acid, and they were foimd to yield yellow

crystals of what proved to Ix; pyridine picratf. Hungarian amyl alcohol was
found to l>e free from pyridine, and this is considered by the author to be due to

the fact that in Hungary the spirit is distilled by steam (Bohm-Fredersdorf or

Ilges method employetl), while in many parts of (lermany from which the samples

containing pyridine were obtaine<l. Doru's or the Pistorius apparatus was used.

In these the 'flames come in (lin'ct contact with the boiler containing the alcohol,

and any insoluble matter originally present might l)c partially carijonized, thuj
;.'ivitt'.r risp to pyridine and «|uinoiine bases. Pyridine picratc melts at 144.5°,

:iii 1 !- iitlicultly soluble in water.
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Is a non-rtolvent of tin; iivdustriul cellulose nitrates. It is an open

(juestion as to whether it dissolves the lower nitrates, the so-called

" friable collodions." Using methyl alcohol obtained from methyl

oxalate, the author in the examination of commercial pyroxylins

covering a period of several years and embracing over a hundred

samples, has been unable to obtain -a nitrogen-containing extractive

upon Soxhlet extraction. While in some instances gelatinization

apparently resulted, a nitrogen-containing filtrate was not obtained.

Wood spirit (wood naphtha, pyroxylic spirit) names which are applied

to the impure methyl alcohol of commerce, is an excellent solvent for

the cellulose nitrates, due to the presence of methyl formate and acetate,

acetone, dimethylacetal, allyl alcohol, acetaldehyde, etc., but is sel-

dom if ever used, on account of the presence of free acids and a very

penetrative and disagreeable smell. The " tailings " containing

furfurol, methylethyl ketone, allyl acetate, etc., is even a better sol-

vent than the wood spirit, although the odor clings tenaciously and is

removable with difficulty.

Ethyl Alcohol is present in improperly rectified fusel oil. Anhy-

drous alcohol is a solvent of the lower cellulose nitrates, its solvent

power rapidly decreasing with the addition of water, so that 95%
alcohol is practically a non-solvent of all cellulose nitrates. Alcohol

Ls miscible with chloroform, amyl alcohol and acetate, carbon tetra-

chloride, acetylene tetrachloride and ether; an excellent solvent of

shellac, copal, dammar, elemi, sandarac and vegetable oils. Like

methyl alcohol it is immiscible with benzine and benzene, but may be

brought together by the presence of amyl alcohol. Denatured alcohol

is treated in Chapter XXI. The physical constants, properties and

reactions other than outhned above, are readily obtainable in the

literature.

Normal Propyl Alcohol was first discovered in the fusel oil

from wine by Chancel,^ and later by Kramer,^ who obtained it in

large amounts in the raw spirit in corn fusel oil, boiling at 96-100°.

The fusel oil operated upon consisted approximately of 30% each

water and isobutyl alcohol, 20% ethyl alcohol, and the remaining 20%
mostly propyl alcohol.^ Propyl alcohol is formed in small amounts
in the fermentation of glycerol by the Bacillus butylicus,^ and may be

conveniently prepared in a pure state in the hvl)oratory by treatment

of the interaction products between trioxymethylene, zinc dust and

1. Jahreb., 1853, 508; Ann., 1869, 151, 298.
2. Bnr., 1870. 3, 75.
li. S<M- alw FittiK, Zeit. f. CJhem., 1868, 4, 44; Pierre and Puchot. Ann., 1872,

nw. Jr,.-).

I. Fitz, Ber., 1880, W, 1311; Morin, Bull. Soc. Chim., 1887, 48, 803.
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water/ or hy distilling zinc dust with oil of vitriol and water.^ Thus
preparetl, and freetl from traces of water, this alcohol is a iitrongly

smelling liquid, burning with a bright, blue flame. It boils at 97.1°,'*

has a si)ecific gravity of 0..SO41 at 20°/ 4° * an«l ().S177 at 0°/44°* and
is miscible with water in all proportions without turbidity. This la.st

pro|>erty is of ron.sitlerable moment in conne<'tion with the nmiuifa<>ture

of fommcrrial iimyl acetate from crude fusel oil, a large iKJrtipn of the

propyl alcohol coming over in the aqueous portion of the first distillate,

where it is difficult to separate and reclaim from the aqueous layer.

Failure to proi>erly recognize and make allowance for this fact may
appreciably lower the yield of acetate as calculated from the original

fusel oil used.^ According to Traube,^ the specific gravity of aqueous

propyl alcohol is as follows: At 20°/4° and containing 10% alcohol,

0.9J^; 30%, 0.9510; 50%, 0.9541; 55%, 0.8995; 70%, 0.8697;

100%, 0.8051.* Propyl is distinguishetl from ethyl alcohol by its

insolubility in a cold saturated calcium chloride solution, Gottig, in

his investigation of the compound * having first obtained it as a by-

product when dr}-ing commercial propyl alcohol with calcium chloritle.*°

Primarj- propyl alcohol is not used as such in the arts^* or manufactures,

but according to some observers may be present in commercial fusel

1. Tischtscbenko. J.A.C5., 1897, 19, 483.
2. Ciiutavson, J.pr.C, 1887, (2), 36. 301.
3. At 752.4 mm., R. Schiflf, .\nn., 220, 101.

4. Bnihl, Ann., 1883, 203, 268.

5. Zander, Ann., 1884, 224, 79.

6. Martin, Spellbury and Emerson have proposed a process (E.P. 158, 1862)
for manufacturing propyl alcohol, which consists in passmg steam and fusel oil

va|K>r through red-hot tubes, and condensing the propyl alcohol in a water cooled
worm attached to the other end.

7. Bcr.. 1886, 19, 881.
8. It will thus Ije seen that the specific gravity is a criterion of strength where

the alcohol exists in a comparatively pure state.

9. Ber., 1890, 23. 181.

10. Although Chancel in 1853 (C.R., 18*i, 38, 410: Ann., 1853, 87. 127)
showed that normal propyl alcohol was contained in the fusel oil resulting from the
manufacture of wine brandy, he apparently did not fully investigate it. Mendelcff
(Zeit. Chem. 1868, (2), 4, 25). who in 1867 examined a sample of the same fusel oil,

did not succeed in .separating propyl alcohol from it. and TromsdorfT (Tagblatt,

Krankf. Naturf., 1867, 62) was etjually unsuccessful. .\11 attempts to obtain it

s>nithptically also proved alwrtive (Butlerow, Zeit. Chem.. 1S67, (2), 3, 680). Shortly
rifton^ard I^ittig, (Zeit. Chem., 1868. (2), 4. 44) succeede<l in recognizing this

prin»ar>' alcohol in fu.sel oil. .\t the same time Schorlemmer (Proc. Roy. Soc.,

1S32, I, 29) prepared it from propane, and Linneman by the re<luction of propionic
aldehyde (.\nn., 1S68. 148. 251). Since that time the exi.stence of con.siderable

amounts of propyl alcohol has been recognized antl its properties more carefully

examnied (I*ierre' and Puchot, C.R., 1868, 66. 302; 1870, "0, 354: Bull. Soc.
(him.. 1870, (2), 14, 58; Chancel. Ann., 1869, 151, 298; C.R., 1869, 68, 659;
Chapman ami Smith, J.C.S., 1X69, 22, 193).

This alcohol is found, together with ethyl and butyl alcohols, in the acid liquors

of starch manufacture, and also accompanies lactic and butyric fermentations
(Houcliardat. C.R.. 1874, 78, 1145).

II. E.IM0112, 18W.
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oil up to 70%. Its (Iciivatives are prepared in a manner similar to

those of ethyl alcohol, whii li they closely resemble.

/«opropyl or Secondary Propyl Alcohol, CH3.CH(OH).CH3,

was fust ohtaiiicd by Bcrthclot ' in IS.l.j, by cornbiniritf propylene

with sulphuric acid, and (Ustiihiig with water. At thai time no iso-

niciic alcohols bein<i known, it was assumed this alcohol was identical

with that first obtained from fusel oil. In 1862 2 Bertholot i)iopaiT'd

it from acetone, and later in the year, Kolbe^ recognized this bod\

as the first representative of a class of secondar>^ alcohols predicted

by him. Propyl alcohol may be prepared in the pure state in the

laboratory by distilling glycerol with excess of fuming hydrio<lic acid

with addition of red phosphorus.* It is a rather pleasant-smelling

liquid, boils at about 82°, and has a specific gravity of 0.7876 at

16°/ 15°, and 0.7887 at 20°/4°.5 A characteristic of this alcohol is

its benzoic ester (wopropyl benzoate), which upon distillation is en-

tirely decomposed into propylene and benzoic acid. Propyl alcohol

mixes readily with ethyl and amyl alcohols and acetates, forms a

crystalline compound with calcium chloride, is a non-solvent of cel-

lulose nitrates and acetates, an excellent solvent for camphor and its

substitutes, and dissolves shellac and the softer rasins to a clcai-,

transparent solution. The specific gravity of aqueous isopropyl

alcohol according to Traube '^ is as follows: 5% alcohol, sp.gr. at 15°,

0.9934; lO*;:;, 0.9868; 18.2';^, 0.9787; 30%, 0.9605; 40^^, 0.9477;

50%, 0.9054; 100%, 0.7970. This alcohol is miscible in water in all

proportions. When the aqueous solution is distilled on the water

bath, the hydrate, (€3117011)3.2H2O is formed according to Linneman,''

who obtained a monohydrate upon treatment with potassium hydrate,

although Erlenmeyr ^ and Thorpe ® dispute this formation.

Normal Butyl Alcohol has been more often foimd in fusel oil

fermented with impure yeast,^^ and hence with modem methods of

ferment control and the use of pure cultures, it is of more infrequent

occurrence. Emmerling failed to detect this alcohol in conmiercial

fusel oil from potatoes, but found small quantities of it in a corn fusel

oil distillery in Westphalia. The fusel oil was fractionated in u small

column apparatus, the suitable fraction converted into the correspond-

ing iodide, and this into the acetate and back into the alcohol. In

1. Ann. (:him..Pliv-. Is."..., :; l;{. :;'.im: Ann , 1 s:,:,, JU, 78.

2. Rep. Chim. Pure, 1. Sol; Aim., kSW, 124, U.'l.

3. Zeit. Cliera., 1862, S, 627.
4. Maxwell SiiniJ.soii. I'roc. Rov. Soc., 1S63. 12. ;)33.

6. Hrulil. Aim., Issd. 2(i:i, IJ.

6. Her., Is-.:., Is. VNJ; al-u I'l il.i:iin. ll:ii„ll. Mcnat .s.. 2, 667.
7. .\nii., ls(i,"., \:U\ ID. s. Anil., ls(i;{. 12<», M)7

.

9. JA'.^.. Is''7. 71. '.'JO. U). ijuincrling, licr., I'.m.ij, i}."), (.]). G'.M.
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this manner 2.5 gnu of normal butyl alcohol wad obtametl from 10 k.

fusel oil, the alcohol boiling at 116."

Obviously, this is no suitable source for the preparation of this

body, which may be more readily manufactured by the fermentation

of glycerol, brought about by the presence of various fission fungi

(Schizomycetes).i The yield averages 6-8%, so that the high price

charged for this aU>ohoI appears unwarrantable.^

Pure normal butyl alcohol is a highly refractive, and somewhat

oily liquid, possessing a peculiar smell which readily excites coughing.

It l^oils at 116° 3 has a sp.gr. of ().S239 at 0°/4°^ and dissolves in 12

parts of water at room temperature, from which solution it is precip-

itated by the addition of calcium chloride.*

Jsobutyl Alcohol and the precetling alcohol are the only meml)ers

of the four possible and known isomeric butyl alcohols which have been

detectetl in fusel oils from various sources. This body occurs prin-

cipally in potato fusel oil, and is known as the butyl alcohol of fermenta-

tion. The discoverer, Wurtz,^ obtained it in large quantities from

beetroot fusel oil, although its isolation from this source, involving as it

does tedious distillation, is seldom carried out. Probably the best

method '^
is to subject the fusel oil obtainetl in the rectification of

mangel-wurzel molasses to fractional distillation, the portions which

distill at 8o°-105,° 105°-115°, 115°-125° being collected separately.

The first fraction is washed with water, and the oily layer repeatedly

rectified, the fraction passing over at 104°, being each time set aside.

This is then boiled for 4 hours with concentrated caustic potash solu-

tion in a flask with return condenser, distilled, dehydrated with lime,

and finally rectified. Thus prepared it is nearly anhydrous and quite

pure, and is a transparent, colorless liquid, more mobile than the

amyl alcohols, and having an odor similar to the latter, but less pungent

and more vinous.* It dissolves in 10.8 parts of water at 18°®, the

larger portion of the alcohol being separated from the solution upon

the addition of calcium chloride, or alkaline carbonates and phosphates.

With calcium chloride a crystalline compound, and with zinc chloride

a syrupy liquid is formed. The b. pt., is 108.4°, and sp.gr. 0.8106 at

0°, and 0.8003 at 18° ^^. At 15° the specific gravity of the aqueous

1. Ber., 1883, 16, 1438; 1896, 29, 72.

2. Fitz, Ber., 1877, 10, 278, rejwrts finding normal butyl alcohol in potato spirit.

3. Under 740 mm. pressure, Liel>en and Rossi, .\nn., 1871, 158, 137.

4. Fitz, I.C. 5. Lc Bel and Greene, Am. Chem. J., 1880, 2, 24.

6. Ann. Chim. Phys., (3). 42, 12<>.

7. C.R., 35, 210; Ann., 18.55, »3, 107.

8. The odor is said to strongly resemble that of the ordinary eyringa (Phila-

delphus coronarius).

U. Traube, Ber., 1886, 1», 883. 10. Limieman, Ann., 1871, 160, 238.
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Bolution is for 2.5% alcohol, 0.1)950; 5%, 0.9930; 0%, 0.9915; 10%,

0.9875.'

The commercial application of tsobutyl alcohol is confined to the

manufacture of Musk-Baur and other artificial musks, which are mainly

trinitro derivatives of butyl toluene and butyl xylene, and may be

prepared by nitrating the conclensation product of molecular propor-

tions of isobutyl alcohol with toluene or xylene.^

Amyl Alcohols."' There are eight alcohols of the general formula

CgHiiOH, as indicated in the subjoined table:

Name.
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Inasmuch ua this variety of umyl liydrulc is the protloininatiii^ umyl

alcohol in fiisel oil protlucetl by fermentation, sul).se<juent statements

have respect to this variety.^ The simplent way to obtain tliirt alco-

hol is by the distillation of fusel oil - or by starting with isobutyl

alcohol, and first converting it into valeric acid.^

P. Freundler and E. DamonU * have recently prepared this alcohol

in large quantitioH by starting with methylethyl ketone, which they

obtained by the rectification of commercial acetone oils (which see).

The method usetl was that of Sabatier and Senderens,* where the ketone

is reiluced to secondary butyl alcohol, and subsequently transformetl

into the bromide by means of phosphorus tribromide. The magnesium

derivative is then formed by means of Grignard's reaction, the prod-

uct being finally treated with the theoretical amount of trioxymethy-

lene.^ The yield is stated to be about 73% of the amyl alcohol and

79c ®f ^^® corresponding formol, CH2(OC6Hn)2-
Pure amyl alcohol is a colorless liquid, neutral in reaction, this

neutrality being unaffected by indefinite exposure to light. It has

a peculiar, cough-producing odor, induces frontal headache, and has

an acrid, burning taste. Dropped on paper, an oily mark results,

which disappears but slowly. One part of umyl alcohol is said to

dissolve in 39 parts of water at 15.5°, forming a liquid of 0.998 sp.gr.

Conversely one part of water dissolves in 11.6 parts of amyl alcohol,

Ber., 1873, 6, .')60; Bakhover, J.pr.C, 1S73, (2), 8, 272; Le Bel, Ber., 1873, 6, 70;

1876,9, 358; Chapman, Zeit. Chem., 1870, 6, 40G; Petilar, Ann., 1868, 147, 243.

Tissier, Bull. Soc. ('him., 1893. 9. 100.

1. Diethylcarbinol (CjHs)j(-HOH sp.gr., OP/V, 0.832, may be formed by addinR
water to the product of the action of^ zinc ethide on ethyl formate (Wagner and
SaytzefF, -\nn., 1875, 175, 351). It gives diethyl ketone on oxidation:

Methyl-n-propyl carbinol, (CHj),CHj('HjCHOH, may l)e formed from its iodide

or by reducing methylpropyl ketone with 9<xlium amalgam (Belohoulx?k, Ber., 1876,

9, 924). So prepare<l it is inactive, but if it be dis.solved in 20 parts of water and a
culture of Penicillium glaucum added, it becomes less rotatory (I^Bel, C.R., 1879. 89,

312). On oxidation, methylpropyl ketone is formed. It gives the io<loform reaction.

Methyltsopropylcarbinol, (Cil,)3CHCH0H, is formed from methybsopropyl
ketone with sodmm amalgam (.Munch, .\nn., 1876, 180, 339), or by adding water
to the product of the action of zinc methide on bromacetyl bromide (WinogradofT,
Ann., 1878, 191, 125), or chloracetyl chloride (Bogomoletz, Ann., 1881, 209, 86;

Bull. Soc. Chem., 1880, (2), 34, 330). It has a sp.gr. of 0.833 at 0°/?\
Tert iaryamyl alcohol, amylene hydrate, dimethyIethvlcarbinol,(C,Hi)C(CII,)jOH,

boils at ia2° corr. (Perkin, J.C.S., 1SS4, 45, 471), sp.gr., 0.8144 at 15° 15°, and
0.8070 at 25°/2.i°. It may be formetl from tertiarj- amyl iodide or from zinc methide
and propionj'l chloride (PopofT, Ann., 1868, 145, 292; JermolajefT, Zeit. Chem.,
1871, 7, 275; Wyschnegravlsky, .\nn., 187S, 190, 336). It has a canip!ior-like smell,

and iias been used as a substitute for chloral as a narcotic and soporific.

Fermentation hexyl or caproyl alcohol, which lx)ils at 1.50°, and is obtaine<l

by the distillation of fermente«l grape skins, has lieen reported as present in crude
fuael oil. Secondary isoamyl alcohol has l>een synthesize<l from bromacetyl bro-

mide (WinogradofT, Ann., 1878, 191, 125), chloracetyl chloride (Bogomoletz, .\nn.,

1881, 209, 70), and wobutylcne cixide ((Ml., 190<.>. 145. 21).

2. I^ichuwitz. .\nn., 188;i, 229, 171. 3. Balbiano, (;az., 1876. 6. 2'2'».

4. C.Il..l'M).->, 111.830. Cf.Gentil.J.Dist, 1897, 14, 393; .Mon. Sci.,ls79,5H,5168.

5. JiS.CI., 1903, 22, 1012. 6. JiS.CI., 1902, 21, 286.
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forming a clear liquid of 0.835 sp.gr.* It forms crystalline com-

pounds with calcium,^ stannous •'* and antimonic chlorides.'*

Amyl alcohol is miscible in all proportions with alcohol, ether,

chloroform, benzine, benzene, carbon bisulphide, carbon tetrachloride,

and is an excellent solvent for resins, sulphur, phosphorus, iodine,

camphor, r.'kaloids and many other organic compounds. It dissolves

in all proportions in glacial acetic acid diluted with an equal bulk of

water, which differentiates it from the neutral amyl esters (formate,

acetate, butyrate, pelargonate, valerate, etc.,) which are not soluble

in this mixture. The injurious effects of new whiskey has been attrib-

uted to the presence of traces of fusel oil or amyl alcohol.

Detection of Amyl Alcohol. If amyl alcohol be warmed with

twice its volume of concentrated sulphuric acid, amyl sulphuric acid is

formed with production of a brown color, and development of a peculiar

leathery odor. In the presence of sugar or readily carbonizable organic

substances the test is fallacious, unless submitted to a product of

distillation, especially if boiling between 120°-140°. Under these

conditions, the production of a red or faint pink color must be regarded

as strong presumptive evidence of the presence of traces of amyl alcohol.

When amyl alcohol is heated with a strong acid (sulphuric) and

formic acid, the peculiar peach odor of amyl formate may be recog-

nized. So also, if acetic or valeric acids be substituted for formic,

the characteristic odors of amyl acetate or valerate may be detected.

The amyl acetate when perfectly pure is said to have the odor of

jargonelle pear, and when a pear-like odor is apparent, the addition

of a small amount (not over 5% of the supposed amount of amyl

alcohol present) of ethyl alcohol, changes the odor to that of the

bergamot pear.

1. According to Kopp (Ann., 1855, 94, 289) the sp.gr. at 0° is 0.S248, and at 18.7*=,

0.8113. It is 0.715 at 130.5° acconling to R. Schiff, Ann., 220, 102. It slowly
evaporates on paper, leaving a temporarily greasy stain. See Wittstein, Jahrsb.,

1862, 408; Balbiano, Ber., 1870. 9. 14.37). Herz (Ber., 1898, 31, 2671; liKM, 37,
4746), who has made careful determinations of the .solubiHty of amyl alcohol in water
at 22°, gives the following summary: 100 cc. water dissolves 3.284, cc. amyl alcohol,

sp.gr. of solution, 0.9JM9. Volume, 102.99 cc. 100 cc. amyl alcohol dis.solve 2.214
cc. water; sp.gr. of solution, 0.8248. Volume 101.28 cc. sp.gr. water, 0.9980, and
amyl alcohol, 0.8133, both at 22°. See also .\lexejew (Ann. Thys. Chem., 1S,S6. 2S.

305). For solubility of ?.wamyl alcohol in water see Balbiano, Ber., 1876. 9. 1437:
for solubility in aqueous ethvl alcohol see Bancroft, Phys. Rev.. 1895-96, 3, 193;
Ifeiffer. Zeit. Phys. Ch., 1892, », 444; Grassi, Pogg. Beibl.. 1888, 12. 242; Costa.
Ibiil.. p. 239. The expansion of crude fusel oil by heat is !in important mat-
ter when large (luantities are being purchajsed by volume. From careful exper-
iments using botli Ru.s8ian and German fu.sel oils from various sources, it has Ixvn
determineil that within the range 15° -40°, crude fu.stM oil expands 1 part in 1,6(K)

per degree; i.e., 800 gals, at 20° would U'come 801 gals, at 22°.

2. Handl. Monats., 2, 209. 3. Bauer and Klein, Ann.. 1868, 147, 249.
4. For derivatives of the amyl alcohols from fusel oil sec W. Markwald and E.

Nolda, Bor., 1909, 42, 1583.
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If amyl alcohol be heated with an oxidizing agent (e.g., sulphuric

acid and j>ota.ssiuni bichromate) an apple-like otior of valeric aldehyde

C5H10O first result**, which upon continuetl oxidation passes into

the corresponding aci<l (valeric), recognizable by its strong an<l peculiar

smell. The presence of much ethyl alcohol results in the formation

of rtrotnlilohyde and acetic acid, which seriously interferes with the

(l<-!i(;u \ of the test.

The quantitative determination of amyl alcohol may be approx-

imately made by cautious oxidation with chromic acid mixture, and

distillation, titrating the resulting aqueous distillate for valeric acid.

Synthetic Fusel Oil. I^ess than two decades ago fusel oil and

conunercial amyl alcohol was regarded as a troublesome and ill-

smelling by-product, and one which could be purchased for little

more than the cost of carting. In those days its consumption was

extrcnioly limited, and but a small percentage of the normal pro-

tlu( tion. h \\:is used as a fuel, in small quantities as an ingredient

in illuminating gas,—all uses which indicate the reduce<i value placed

upon it. The earlier experiments as to the origin and production

of fusel oil, were conducted mainly from the purely scientific stand-

point, or in a lesser degree to attempts to reduce to a minimum an

undesirable and difficultly salable poisonous by-product of the normal

fermentative processes.*

The gradual but steadily increasing demand for fusel oil in the

arts, not only as a direct solvent in the celluloid and kindretl indus-

tries, but for the production of amyl esters—principally the acetate

—

gradually forced the position of fusel oil from an undesirable to a

much sought for commodity, and turned the attention of investi-

gators toward methods to increase rather than to eliminate or minify

its production. The discoveries and inventions of Stevens, Schiipphaus,

Hale, Crane and Field, in the early eighties of the past century,

opening as they did, many new uses for the product, have caused the

cost of cnule fusel oil to rise steatlily, and with it the cost of its prin-

cipal derivative, amyl acetate. With the increase in price of fu.sel oil,

the luultiplication of uses to which it was put, and its growing scarcity

due to underproduction, it is to he expected that interest in its syn-

thetic production should have engaged the attention and time of men

of reflection and research.

Morin found in 1888 2 that normal amyl alcohol is pro<luced in the

fermentation of glycerol in quantities amounting to 4*^; of the mixture

1. And ?rith considerable success as attested by the researches of Linnet (C.R.,

1«91. 112. 663), and SprinRer (Sci. .\m. Suppl., 13125).
2. C. R., 1888, 106. 816.
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of ale hols obtained (equivalent to al>out 1% of the glycerol used).*

L. Perdrix 2 investigated an amyl alcohol forming bacillus which he

isolated from Paris drinking water, and by means of which he obtained

105-110 cc. alcohol per k. of potatoes.^ In 1896 Rayman and Kries,

in a series of investigations on the by-products of alcoholic fermen-

tation, determined that amyl alcohol was produced by pure cultures of

yeast, quite apart from any contamination with bacteria, but at that

time failed to establish the conditions necessary, for its production.

Later * they claim to have definitely ascertained that the formation

of amyl alcohol by pure yeast is not attributable to the unfavorable

physiological condition of the individual yeast cells. They found that

pure cultures of distillery yeast produced no amyl alcohol in artificial

glucose media, but that if barley worts be employed, amyl alcohol is

found among the products of fermentation. Consequently the inference

was drawn that the amyl alcohol is not the product of the fermentation

of hexoses (starches or sugars), but of those carbohydrates accom-

panying the hexoses, and which belong to the class of * furfuroids

'

prepared by ToIIens by the acid hydrolysis of brewers' grains.*

The experiments of Emmerling ^ with various races of yeasts and

several different fermentable carbohydrates, showed that under normal

conditions of alcoholic fermentation only infinitesimal quantities of

fusel oil are protluced so long as the fermenting wort remains pure.

On the other hand it has been well established that many bacteria

possess the property of forming higher alcohols ^ from carbohydrates.

Amongst these may be mentioned the " amylic ferment " ^ of Pereire

1

.

This corroborated the previous work of Fitz, who isolated from the products of
glycerol fermentation a specific micro-organism, the Bacillus butylicus.

2. Zeit. f. Spirit. Ind., 1891, 14, 177.

3. The bacillus was found to grow only out of contact with air and was easily

cultivated in an atmosphere of hydrogen or carbon dioxide, the most favorable
temperature Ijeing 35° and the maximum 43°. Under favorable conditions spores
reailily form, which remain for 10 days at a temperature of 50°. It tliffers from
Pasteur's Vibrio butyricus of Van Tieghem's amylobacter. The author, from analyses
made by him, considers the ultimate products of fermentation to consist of butyric
acid and amyl alcohol, with smaller amounts of acetic acid.

4. Woch. f. Brau., l'.)04, (2), 21, 25.

5. A series of experiments was therefore undertaken in which glucose solutions
containing peptone and nutrient salts were fermenteil with pure cultures of Sac-
charomyces cerevisia;, due precautions having been taken to guard against con-
tamination. Some of the fermentations were continuevl up to thnx* w»H»ks, and the
pro»lucts subsecjuently obtained included ammonia, organic bases and sulphur
compounds. In addition to these decomposition pnxlucts there were usually
formed formic and valeric acids, acetaldehyde, ethyl alcohol, but never amyl alcohol.
On the other hand when the wort was prepared from raw Imrley saccharifieil by
malt fennonted for 1 1 months, and containing added ' furfuroids,' yieUleti ethyl
alcohol and acetaldehyde and also large quantities of amyl alcohol.

(5. Ii<'r., 1!M)1. 37, 3535; Zeit. f. Spirit. Ind., lUtM. '^7, 477.
7. Especially butyl alcohol; see Zeit. f. Spirit. Ind., 18JM>, 1», 136; 1804, 1", 233;

Rec. trav. Chim., 1.S93, 12. 141.
8. .\lflo (iranulol>acter butylicum and BacilluA orthobutyricus.
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and Guignard.' Bacteria which are especially active in this kind of

fermentation occur on potato skins. The most suitable carbohydrates

appear to Ix? starch and cane sugar, especially in the unhydrolyzed

state.^ ICmmerling found that the addition of de<-omposed yeast

was not favorable to the production of fusel oil. The next year ^ he

reported continuation of his investigations on the fermentation of

mola.s«es by bacteria present on potato skins, and found it necessary

to dilute the molasses to a concentration of about 10*;^ sugar, since

with higher concentrations the fermentation soon subsided and the

formation of lactic acid ensued. The yield of total alcohols averaged

4.3* (' on the molasses, or 8.9^^ on the sugar.*

Pringsheim ^ confirmed the observations of Emmerling as to the

existence of a fusel oil forming bacillus on potatoes, but was unable

to obtain satisfactory and well-controlled yields.^ It is worthy of note

1. J5.C.I., 1902, 21, 558, 1090. In the patentetl method obtained by these
authors (F.P. 316062, 1901), an amylic fermentation is induced in any suitable
saccliarine solution by means of the added culture of the amylic vibrio, the process
being conducted at 40' in presence of an excess of chalk. When sufficiently ad-
vance«I, the wort is cooletl to 24°, and transferreil to another vat, where it is pitche<l

with distillers' yeast, and fermentation completed in the usual manner. It is claimed
that on distillation a spirit highly charged with amyl and other more complex
alcohols is obtained.

2. F'or instance, 1,000 gm. boiled potatoes and 50 gm. wheat grist suspended
in 3 1. water with a little chalk, and infected with potato peel, yielded 25 cc. in-

soluble fusel oil; 5(K) gm. molasses containing 48% sugar, yielded 19 cc. fu.sel oil

under similar conditions. The fermentations were carried out anaerobically for

4 weeks at 37°, hydrogen, carlwn dioxide and butyric acid being the by-products.

The same materials saccharified by malt yielded only 1.5 and 1.8 cc. fusel oil re-

spectively. The products c<»isi8ted of propyl, butyl and amyl alcohols with only
traces of ethyl.

3. Ber., 1905, 38, 953.

4. When isolated, the product was found to contain a large amount of ethyl

alcohol and some n-propyl alcohol, but the main constituent was n-butyl alcohol,

amyl alcohol Ijeing practically absent. The bacteria appeare<l to ferment l)est

in the absence of air, but found not to Ijc obligator}' anaerol)es. The motility of

young cultures is lost as the growth.s age. In the absence of a mild alkali (chalk)

It was found tliat the amount of higher alcohob was materially reduced, the bulk
of the sugar l)eing converted into acids of the fatty series, principally butyric.

5. Ber., 1905. 38, 486.
6. He found that when pieces of American ptotato were digesteil for some days

under water at a temperature of 35°, three elates of organisms were isolatetl from
the slimy mass, viz., a round coccus, an organism apparently identical with B.
mesentericus vulg., and the fusel oil bacillus. This latter is a motile rotllet which
converts potatoes into slime with the copious evolution of hydrogen an<l carl>on

dioxide, ami the production of amyl alcohol. When spores are procluccl, the

rodlets were observed to .swell up into clul>-8liaped cells, the latter surx-iving heat

at 80° prolonged for 10 m-nutes. It was ol)serve<l that no growth on potato resulte<l

when alcohol in 10% amount was present. It would therefore appear unlikely

that this liacillus is refjponsible for the pro<luction of fusel oil in distdlery washes,

lie also (Biochem. Z., 10. 4W) found that certain inorganic salti», notably ammonium
sulphate, repressed the formation of fusel oil, and this inhibiting action «lependeil

on the amount of salt present. For instancewhen 175 11)8. of rj'e, 75 llwi. of maize
and 80 Ite. of malted Ijarley are fermented in a volume of 2000 1., 5 1. of hydrous
fusel oil are obtaiqe<l; when 250 gm. (NH<)^Oj were a^lde<l l)efore fermentation

2.5 I. arc given; 500 gm. gave 2 1. and further increase to 1 k. gave no decrease
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that in the third of a series of articles on the chemical mechanics of

alcoholic fennentation, E. Biichner and J. Mesinheimer ^ found that

an examination of the alcohol produced by the fermentation of sugar

by yeast cell juice yielded only minute traces (about 0.01%) of fusel

oil.2

In the work of the previously quoted authorities, the formation

of the amyl alcohols has rested upon the supposition that in the normal

hydrolysis of the carbohydrates (starch and sugar) the molecule under-

went a systematic degradation, with the splitting off of ethyl and

amyl alcohols. However, previous hypotheses did not satisfactorily

explain the low yields of fusel oil obtained by investigators when their

theoretical deductions were adhered to on a practical scale, and also

from the discouraging fact repeatedly observed, that conditions ap-

parently identical did not result in the production of equal quantities

of alcohol. In other words, the process w'as not under approximate

control.

It apparently has been left to Dr. Felix Ehrlich of Berlin,^ to ex-

perimentally demonstrate the theory first enunciated by Miiller in

in l.S.')7, that the fusel oil of fermentation is a product of the activity

of yeast upon the albuminoid derivatives of the wort, and that the

in the fufel oil produced. A fractionation of the fusel oils did not show any per-

ceptible difference in content for that produced with or without (NHjjSO,. Iso-

propyl and n-butyl alcohols were found, but these were traced to l)utyric acid

fermentation. The addition of (NHJ^SO, to potato mash fermentation showed
no change in the quantity of fusel oil produced.

K. Windisch (Zeit. f. Spirit. Ind. 1901, 27, 311) hi continuing the work of Ray-
mond and Kries, inoculated a series of nutrient sugar solutions, both with yeast.-*

rejuvenated by culture through numerous generations, and with others which ha I

finished their alcoholic fermentation years before. It was found that neither un-
favorable composition of the nutrient medium or the age or physiological con-
dition of the yeast cells influence the formation of amyl alcohol. On the con-
trary his work showed that amyl alcohol is a product of the culture yeast, that it

is formed only in the presence of certain carbohydrates, and that it is the nature
of the nutrient medium on which the formation an«l yield of higher alcohols de{)end.

None of the artificial nutrient solutions yielded a trace of amyl alcohol with pure
di.'dillery yeast, but with a clear, sterile, barley-wort malt, amyl alcohol always
appeared. From this observation the conclusion was reached tliat the source
of the alcohol was not the hexoses, but fermentable sugars ohtainetl l)y the hy-
drolysis of other polysaccharides occurring in the raw materials used.

Lindet (C.R. 1891, 112, 663) has contributed to the question of the origin of the
higher alcohols, and prepared two solutions each of cane and brewing sugar. One
of each sugar was fermented with a large and one with a small quantity of yeast.
The solution seeded with the large quantity of yeast yielded an alcohol containing
1.47 cc. higher alcohol per liter, ethyl alcohol obtaine<l. The cane sugar solution
sot^led with a .small quantity, gave 2.3 cc. high alcohols per liter ethyl alcohol.
It was also found that if the fermentation was conducted at a higher tem|>orature,
more higher alcohols were produced. From the experiments recorded the opinion
was reache<l that the higher alcohols are not produced by yeast, but are formed
by some other organism present as an impurity.

1. Ber., HMXi. 39. 3201.
2. Zeit. f. Zucker Ind.. lOOfl, «.">, 539.
3. D.R.P. 177174. 19(>.->.
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jmgar plays no part in its formation.' In showing that previous

theories have restcnl upon false premises, he apparently proves that

fusel oil arises from the (lerom|)osition of proteid matter such as the

iimino acids,^ not by bacterial action, but from the vital activity of

the yeast itself—an autofennentation. As the conclusion to an ex-

tendetl series of experiments, /.sole\icine was discovered in the uncrjstal-

lizable portion of a strontian molasses residue, and which he has

est^blishetl aa lieing a normal factor of decomposition occurring in the

aU)uminoids and associated with leucine. In constitution, m)leucine

has shown itself to be the first of the known amino acids containing

two asymmetric carl>on atoms, and representetl therefore by the

formula,

CH3\*
>CH.CH.NH2.COOH,

in which it appears to be a methylethylamidopropionic acid, standing

in vU>M- relation to the optically active amyl alcohol. The latter may
t)e protluced from /.soleucine by means of the aldehyde and cyanhydrin

reactions, and subsequent saponification. That similar relations exist

l)etween leucine and i.soamyl alcohol is indicated by the following

reactions, in which t-sobutyl and normal propyl alcohols are included:

CH3\ »

CHs'^ M.-u.ii.o

NcH.CH2.CH.\H2.rOOH +H2O =

CHaV
yK^H.CHij.CHzOH + NH3 + CO2,

Cri3 /-uoamyl alcohol ammonia carbon
dioxide

1. \ portion of the credit for this discovery ought perhaps to lie accorde<l to
Hans Prinersheim (Ber., HKK), JW, 4(>4S; \V(x;h. IJrau., 24, 31) who has developetl a bio-

logical mcthtKl of anaiy.sis to determine the presence or absence of the important
XII.C'H.CO group in albuminoid bodies, and other sul)stance8 closely relateil to
the proteids. This is of importance as pointing to a po8.sil)le analytical method
to be applied to organic material to indicate its value as a source of raw material
for fu.««el oil formation. He cites the literature on the nourishment of yeast, and
their fermentative power, and finds that yeast nourishe<l with nitrogenous food
-iich as leucine, tyrosine, asparagine, hippuric acid, glycocoU and phenyl glycocoll,

which contain the NH.CH.CO group, have decided fermentative power, while yeast
nourished with acetamide, acetanilide, pyridine, quinoline, or acridine chlorides,

dimethylaniline chloride, naphthionic acid and diphenylamine, all nitrogen-contain-
ing compounds, do not possess this powder. His method is to grow the yeasta
for some time in a solution of the substance to t>e examinetl. then inoculate a sugar
solution with the yeasts and note whether or not fermentation takes place. The
fact was noted that yeasts grown in a sugar solution can utilize the sugar or car-

l)onaceous food for growth without the sugar fermenting. For formation of fusel

oil in the "acetone Datier" yeast fermentation see Pringsheim, Ber., l\HM\. 39, 'ATlli.

2. 8ee the eighth Faraday I^ecture by Emil P'i.scher (J.('>5. 1«K)7, 91. 1749),
"Synthetical Chemistry in its Relation to Biology," for development of this field

of research: also C. Alsberg. J.A.CJ3., 1910, 32, 704; R. Bradbury. J. Frank. Inst.,

1909, IRS. S.i.
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CH3\ CH3\*
^CH.CH.NHo.COOH +H,0 - ^CH.CHgOH +NH3 +CO2,

C2H5^ d-wolcucine C2H5 optically active amyl alcohol

CH3\ CH3\
Vh.CH.NHz.COOH + H2O = j>CH.CH2.0H +NH3 +CO2,

CUy o-amido-wovaloric acid (butalanine) CHs'^ Mobutyl alcohol

CH3.CH2.CH.NH2.COOH + H2O = CH3.CH2.CH2OH +NH3 +CO2.
a-anrii(li)-n-butyric acitl n-propyl alcohol

(Klutuminic acid)

These reactions indicate the suggestion first put forth by Ehrlich

'

that isobutyl alcohol is produced from a-amino-isovaleric acid and

n-[)ropyl alcohol from glutaminic acid during fermentation. The

amyl alcohol so produced remains in the solution as fusel oil, while

the ammonia is at once incorporated by the yeast to form living pro-

toplasm. Experimental proof of this is furnished by the observation

that when pure yeast is allowed to grow upon pure sugar an<l pure

leucine, ammonia cannot be detected in the solution at any stage of

the fermentation; moreover, acetone yeast, which contains no en-

zymes capable of synthesizing proteins, does not convert leucine into

fusel oil. The author has carried out a number of fermentations in

5-10% cane-sugar solutions, continuing the fermentation until no

more sugar was left; it was found that solutions containing leucine

were more rapidly fennented than others. The yield of amyl alcohol

in the raw spirit was raised by the addition of leucine from 0.4 or 0.7%
up to 3%. From rough measurements it appears that with a strong

yeast culture the amount of amyl alcohol produced corresponds fairly

closely with the amount of leucine used up. The addition of asparagine

or ammonium carbonate generally diminishes the amount of amyl

alcohol formed. By means of the enzyme endotryptase ^ the proteins

arc split up not alone to peptones, but again as far as the amino acids.

The interaction resulting in the formation of amyl alcohol is intimately

associated with the buikling up of protein substances in the yeast

cell and inseparable therefrom; thus the fact of amyl alcohol resulting

from the fermentation of pure sugar becomes explicable. The author,

as a result of his work, concludes that the other higher alcohols and

a portion of the fatty acids are derived from other members of the

amino-acid series. It was found that whereas pure cultivated yeast

acting upon pure sugar yielded only a trace of fusel oil, the same

1. It is SHRKCsted that laobutyl alcohol is producod from n-aminovalcric acid,

and n-propyl alcohol from glutatniiiic acid (lurinR fenneiitation. t'f.
'* H!ict<>rial

l)(K;»>mpo.sitK)n of Primary Protcid i^ecomposition Proilucts," W. Brasch. Biochem.
Z., HKM), 22, 40:t.

2. Biochem. Z., through Z. ges. Brauw., 1907, 88, 19.
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mixture yiel(le<l inactive amy I alcohol when leucine was a<l(letl, and

<i-amyl alcohol w^hen {.s«leucine was added, the quantity of amyl alcohol

protluced being approximately equivalent to that of the amino acid

consumed. It was also found in the case of leucine, that the yeast

had selectively attacked this raceniic amino acid, ami had confined

its action solely to the /-leucine, leaving the rf-leucine unchanged.

The NH3 formed by this process is immediately utilized by the

yeast for building up albuminous matter. After being killed by

acetone the yeast no longer is capable of forming proteins by synthesis,

and therefore has no effect upon the amino-acids. In solutions of

sugar and leucine, comparatively more amyl alcohol will \je produced

by a yeast poor in X which needs more XH3. hWen in pure sugar

solutions the yeast produces some fusel during fermentation, l>ecause

its albumin is partly split up l)y autolysis into amino acids as tyrosine,

leucine, i.s'oieucine and valine, which are, in turn, transformed into

fusel. If more readily a.ssimilable X is present, such as contained in

XH3 salts or a.sparagine, the yeast takes its supply of X mainly from

them without splitting up the amino acids to the same extent, whence

considerably less fusel is formed. A whole series of alcohols and

analogous substances are therefore obtainable from the various amino

acids through the action of yeasts during the fermentation of sugar.

Ehrlich has assumed, and supported his assumption experimentally,

that the small quantity of fusel oil produced in the fermentation of

pure sugar is derived from the amino acids of the yeast, the quantity

being limited by the re-sj-nthesis of the albumin from the products

of the proteolytic enzyme. It would appear, therefore, that amyl

alcohol is formed only in appreciable quantities when the yeast is

supplied with an excess of amino acids.*

From the foregoing, the explanation follows that the formation of

the single optically active constituent of fusel oil, viz., optically active

amyl alcohol, from isoleucine, is one in which one of the asymmetric

carbon atoms remains unattacked. In continuation, just as the opti-

cally active amyl alcohol results from isoleucine, other optically active

compounds are derived from this body, specifically the widely occurring

dextro-rotatory valeric acid. In a later communication ^ he raises

1. Three hypotheses as to the formation of amyl alcohol from leucine have
been experimentally investigate<l, the most likely explanation probably being
that the amino acid combines with water and separates ammonia under the action
of the yea-st enzymes, with the production of the corresponding hydroxy acid,

and that this latter is decomjxjsed into carbon dioxide and amvl alcohol in the

same manner as lactic acid probably yields carl>on dioxide and ethyl alcohol under
similar conditions. See also this authtir, Mon. sci., I><n0, (:i), 32, iW.i.

2. Ber., IJXHi. 39, 4072; Zeit. f. Zucker Ind., 1906, 2, 1145, copious bibliographic

references being given in the footnotes.
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the question as to whether the enzyme wliich causes this fermentation

is separable from the Hving cell or not. It has been found that by

means of pressed yeast juice or the acetone-killed yeast, only a trace

of fusel oil is obtained. P^hrlich is of the opinion that the formation

of fusel oil takes place together with the upbuilding of albumen by

the yeast, and that the separation of the enzyme causing this has not

been successful.'

1. V. Ehrlich (Ber., 1907, 40, 1027) sums up the present state of our knowledge
on this subject, by saying that the higher alcohols are the unassimilated residues

from the synthesis of albuminoids by the yeast from the amino acids. The ammonia
which constitutes the nitrogenous residue of these acids can never Ije detected a«
such in the liquids; it must therefore be converted, in proportion as it is split off,

into insoluble nitrogenous yeast substance, whilst the higher alcohols arc e.xcreted

in equivalent quantities. In the ordinary fermentation of pure sugar l)y yeast
the percentage of fusel oil calculated on the total yield of alcohol, varies from
0.4-0.7%. A yeast poorer in nitrogen takes a longer time to ferment a given
quantity of sugar, and produces a larger quantity of fusel oil than a yeast rich in

nitrogen with a higher fermentative power. When leucine is added to the sugar
solution the quantity of fusel oil pro<iuced may rise to 3% uniler similar conditions.
The highest proportion of fusel oil is formed when a relatively small portion of yeast
is caused to act on a large quantity of sugar, proportions of 1 : 5 being very favorable
to the production of the maximum (juantity of fusel oil. On the other hand, when
fermentation is efTectctl rapidly, with a large quantity of yeast rich in zymase,
the decomposition of the leucine present is relatively small. In industrial fermenta-
tions the composition of the fusel oil varies according to the nature of the amino-
acid constituents of the wort. Fusel oil is also produced from amino acids excreted
by the yeast, but this factor only comes into play to any serious extent >when, in

con.sequence of deficient nitrogenous nutrition, high temperature, or other unfavor-
able conditions, a partial autolysis of the older yeast cells takes place to afford

nutrition to the younger ones. The highest yields of fusel oil are ol)tained bv the
fermentation of pure sugar by yeast poor in nitrogen, with or without the addition
of leucine. The presence of other nitrogenous substances, as in natural worts,

decreases the production of fusel oil. It is decreased almost to nothing, even in

presence of leucine, if a suflTicient quantity of some other easily assimilable nitrog-

enous compound be added, especially if that compound be readily susceptible
to hydrolysis. Asparagine and particularly ammonium carljonate can be use<l

to suppress the production of the higher alcohols. The yield can l>e increa-setl

by the addition of leucine prepared by the evaporation of the prwiucts of the hy-
drolysis of albumen by acids, but it is decreased if these hydrolytic products be
added direct without evaporation. The synthesis of albumen from its amino-
acid decomposition protlucts does not take place by simple condensation, as in

Fischer's synthesis of the polypeptides, but involves the complete degradation of the
nitrogenous residue into ammonia, with an elimination of the non-nitrogenous
portion comparatively unchanged. The alcohoHc fermentation of the amino
acids would appear to be an important general biological phenomenon accompanying
the synthesis of albumen. Its l>earing on the profluction of odorous principles
in plants is illustrated by the fact that the author has obtained o-hydroxyphenyl
ethyl alcohol by fermentation in the presence of tyrosine, and phenylethyl alcohol
similarly from phenylalanine, and l^enzylethyl alcohol antl benzaldehyde from
phcnylaminoacetic acid. Ehrlich (Biochem. Z., 8, 438) was able to use his discovery
in splitting racemic amino acids by partial fermentation with yeast in sugar solu-
tion. He thus isolated d-leucine, rf-alanine, i-valine, ^/-phenylalanine, rf-.serine, and
/-a-aminophenylacetic acid, the latter lieing new. See also P. Ehrlich, (Z. Ver.
Zucker Ind., 1906, 2, 1145) copious bibliographic references being given in the foot-
notes.

J. Effront (Z. f. Spirit. Ind., 1906, 29, 103; C.R., 19as. 14«. 779; U.S.P. 9,>3025.

1910) has shown that the phenomenon wherein i)eer veast decom|>o.ses racemic
amino acids with production of higher alcohols is intercellular; no ammoni:! can l)e

detected in the liquid and the enzyme concemeii is not present in the ct'U-juice
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The present theory of fusel oil fonnation is compatible with the

researches on the polyj)eptitles by Emil Fischer and his pupils, Mandel,

Levine and others, on their studies of the fission of the albumen mole-

cule, and constitutes a new and peculiar degradation of albumen and
of the amino acids. This is distinctively different from the well-known

elimination of carbon dioxide from the amido acids of putrefaction.*

In the first instance the yeast deamidizes the amido acids, for

leucine under the hytlrolyzing action of an acid ferment, in all proba-

bility at first passes to the corresponding oxy acid (leucic acid), which

then in a manner similar to the formation of ethyl alcohol in lactic

acid fermentation by the splitting off of carbon dioxide, is converted

into amyl alcohol. In the tle-amidizing process, the molecule of am-
monia lil)eratetl is used by the yeast for albumen synthesis. Ehrlich

has demonstratetl quantitatively that the fusel oil formation corre-

sponds in an entirely analogous manner to the upbuilding of the pro-

teid molecule of the yeast. In this process of transformation of a

definite amount of leucine or its isomers into the corresponding amyl
alcohols, a definite (juantity of sugar and yeast is utilized, and this

amyl alcohol synthesis is due primarily to the life process in the yeast.

In the future protluction of fu.sel oil on a conmiercial scale the first

retjuisite indicate<l is the acquisition of large amounts of leucine or

similar Ixxlies at a not prohibitive cost. \s leucine is obtainable

from all kinds of waste products rich in nitrogen, as proteids and

cxpre8se<l from tlie yeast. The author has studied another action of yeast on
amino acids, which is attributable to a specific enzyme, "amidase," which decom-
pixses amino acids and their amides into ammonia and volatile acids. The action
of amida.*^ may Ix? studied by mixing 2 gm. of asparagine with 10 gm. of yeast
and a little water, adding 6 cc. of AVI sodium hydroxide and diluting with water
to 100 gm. The solution is incubated at a temperature of 40° and the ammon-
iacal nitrogen is .determined from time to time by distillation with magnesia.
After 72 hours the whole of the nitrogen of the asparagine and the greater part
of that of the yeast is converted into ammonia. If the licjuid Ix; filtered after

(M) hours, the enzynip. amidase, is present in the filtrate and its presence may
lie demonstrated by the addition of a further 1 gm. of asparagine, which will l)e con-
verted into ammonia in 6 hours. The active substance in autolyzed yeast also

decom|x>ses aspartic aci<l, leucine and glutamic acid in a similar manner. The pro-

duction of ammonia and volatile acids from the amino acids in this way takes place

without the formation of alcohol; the presence of alkalis is favorable. From 10
gm. of asparagine, 5.5 gm. of volatile acids, (b. pt. 110'-145°), consisting chiefly of

propionic acid, were obtained. Amidase is present in top-fermentation yeasts and
wild yeasts; it has also been observed m Amylobacter bulyrictm {Chlostridium

butipicum, Vibrio bubjricus, Bacillus amylobacter), but its presence in Ijottom-fermen-

tation yeasts is doubtful. See Naviasky, (.\rch. Hyg.. 6<8, 209).

1. See " Derivatives of Isoleucine," K. Alxlerhalclen, P. Hirsch and J. Schuier,

Ber., 1909, 42, 3394; " Derivatives of p-iodophcnylalanine," Abderhalden and G. A.

Brossa, Ber., 1909. 42, :J411 ;
" Constitution of .\mino .\cids." H. Ley and M. Ulrich,

Ber., 1909. 42, 3440; " Monamino .Xcids." Ablerhalden and H. Dean. Z. physiol. Ch.,

1909, 59, 170; with W. Weichardt, Ibid, 174; "Cleavage of .\mino Compounds,"
T. Takeuchi and R. Inoue, J. Coll. Agric. Imp. Univ., Tokio, 1909. 1, 15. For
hydrolvsis of proteins see AMerhalden, abst. J.C.S.I., 1909, 28, 240, 323, 518, 978,

1083; 1910, 2«, 146.
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albuminoids of every description, this portion of the problem presents

but little difficulties. Perhaps the source of leucine of first importance

is the waste liquors from the strontian sugar-extraction process, from

which leucine may be made to directly crystallize out in a state of

quite high purity. Next in importance, perhaps, are the vinasses or

uncrystallizable residues in beet-sugar refining which are also high in

other nitrogenous compounds, principally the primary amines. The

waste liquors from starch and glue manufacture and those obtained

from horn and blood, are all high in nitrogen, and offer inviting fields

for experimentation in leucine yields. The technical and remuner-

ative possibilities of these discoveries are at once apparent. Ehrlich

has obtained patent protection for the manufacture of fusel oil ^ in

which he takes hydrolized or peptonized albumen or mixed amino-

acid extracts with ferments (distillery yeast) in presence of carbo-

hydrates (preferably in the form of distillery wort). The fusel oil

produced in the fermentation is separated from the ethyl alcohol

in the usual manner. Products as molasses mash are used as the carbo-

hydrate containing portion.

A further step has been taken by Pringsheim in this interesting

field,2 he having found in a fusel oil prepared on a large scale from

maize,*' uopropyl and 7i-butyl alcohols in addition to the n-propyl,

isobutyl and amyl alcohols ordinarily found in fusel oil. The.se former

alcohols are femientative products of the ordinary butyric acid bacillus,

and hence it was inferied that the fusel oil in question owed its forma-

tion to two distinct processes, viz., (1) the action of yeast on the decom-

position products of proteins as discussed above, and (2) butyric acid

fermentation. In support of this view, the author draws attention

to an analysis of fusel oil from potatoes published by Rabuteau ^

;

in this case also both n-butyl and isopropyl alcohols were present

in addition to the ordinary constituents of fusel oil. If these researches

are corroborated, the whole field of butyric acid fermentation is open

to the possible synthetical production of fusel oil. He also has proven ^

that leucine, which is converted into amyl alcohol by yeasts during

r.lcoholic fermentation, may be in part shielded by the presence of other

sources of nitrogen, e.g., ammonium sulphate, from the attack of the

yeast. This conclusion has been confirmed by experiments made on
a large scale, 500 gm. of ammonium sulphate for 2,000 1. of mash
suffice to reduce the formation of fusel oil to a minimum. Double
this quantity of ammonium sulphate produces no further reduction

in the amount of fusel oil, showing the amino acids cannot be entirely

1. E. P. f)640, H>06; D.E.P. 177174, 1905.
2. Biochem. Zeit.. 1«KM>. 1«, 243. 4. C.R., 1878, 87, 500.
3. J.S.C.I., 1908, 27, 824. 5. Biochem. Zoit.. 1«)08, 10, 490.



FUSEL OIL AM) THE AMYL ALCOHOLS 199

protocicd. In some instances, particularly in the case of materialu

lacking sufficient protein, the addition of ammonium sulphate causes

an increase in the amount of alcohol. Investigation of the nature

of the fusel oils obtained in these experiments showe<l that they all

contained n-butyl alcohol in quantity. That formed without ammonium
sulphate contained also tsopropyl alcohol, which was almost absent

from tiic })ioduct prepared in presence of this salt. These two prod-

ucts, which do not occur in properly conducted fermentations, are

the fermentation products of the ordinary butyric acid bacillus. The

fusel oils investigated were formed on the one hand by the action of

the yeast on protein degradation products, giving rise to n-propyl,

i8obutyi, and amyl alcohols, and secondly by the action of the

butyric acid bacteria. The alcohols were identified by fractional

distillation and conversion into the corresponding iodides.

A. Sultan and I. Stem,* working along similar lines, have l)ecn

grantcil a patent in France 2 for the production of fusel oil from split

albuiniiHtus substances, or their isolatetl cleavage products rich in

amido nitrogen. They propose to increase the yield by adding to

the mash crude leucine obtained by the decomposition of casein or

fibrin.^ E. A. Mislin and L. Lewin have been granted patent pro-

tection in both England and France "* for a method bjised on the fore-

going principles. They propose to ferment mashes of potatoes, com
or maize saccharified by malt or mashes of cereals, leguminosa; or

other nitrogenous seeds and fruits which have been geraiinated, or

mashes made from the residues of spirit or yeast manufacture. Organ-

isms obtained by the fermentation of plum and prune mashes are also

named as being suitable. These are rendered alkaline by the addition

of 0.5^0 alkaline earth before fermentation. After fermenting for

120-150 hours the liquor is distilled at 136-1 «F. The di.stillat« of

fusel oil is mixe<l with acetone to separate the water. The average

jield by means of this process is not stated.

Rene Locquin * states that he has prepared large quantities of

synthetic uoamyl alcohol, starting with a carefully rectifio<l isobutyl

chloride obtained by the action of hydrochloric acifl on ortlinary

i«obutyl alcohol, the constitution of the latter being undisputed. After

1. Bull. Assoc. Chim. sucr. dist., 24, 764.

2. P.P. 365619, 1906.

3. In one experiment by their process there was obtained from l.CKK) k. potatoes

saccharified with 20 k. malt and 25 k. crude leucine. 120 1. rectifie.1 alcohol in-

cluding 10 k. amvl alcohol. In another experiment the patentees record obtain-

ing 300 I. alcohof and 40 k. amyl alcohol from 1,000 k. molasees (80° Brix.) and

Sf^Yc sugar.

4. E.P. 10435, 1905; P.P. 354807, 1905; abst., J.S.C.I., 19(M, 23, 124, 876,

1107; 1905, 24, 683.

5. Bull. Soc. (him.. I'.MM. (S> 31 .V,»9.
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condensation of magnesium with this hydrochloric acid ester (Grignard's

method), the magnesium chloride derivative in anhydrous ether solu-

tion is acted upon by dry trioxymethylene, synthetic isoamyl alcohol

being obtained. The boiling point was found to be 131° (corr.) and

sp.gr.,^/?^, 0.823.

Fusel oil is dutiable at one-fourth cent per pound when imported

into the United States, according to the Tariff Act of 1S97 ^ In

England there is no duty, if it contain less than 15% proof spirits.^

Toxic Properties of Fusel Oil. A great deal has been written

concerning the highly poisonous nature of the propyl, butyl and espe-

cially the amyl alcohols (rectified fusel oil). Allen * says " a few drops

will produce all the intoxicating effects of a large quantity of ethyl

alcohol, with giddiness, nausea and other unpleasant symptoms." Rabu-

teau ^ finds the intoxicating effects of amyl alcohol to be fifteen times

as intense as those of ethyl alcohol, those of butyl alcohol being five

times as intense. Researches of other observers have apparently shown

that the physiological effect of the alcohols increase with the number

of carbon atoms, commencing with ethyl. Dr. B. W. Richardson ^

states that the action of amyl alcohol is similar to that of butyl, but

intensified. In the third stage of the action there is observed tremors

of regular occurrence, reduction of temperature and profountl coma,

1. Paragraph 38, where fusel oil is designated as " amyHc alcohol." In Treasury
Decision 20'Mi7, Nov. 23, 1898, the classification of fusel oil as " araylic alcohol

"

and not lower alcohols is sustained, but if consisting of a mixture of " alcohols,"
Trea.sury Decision 13860, G.A., 2065, of Mar. 22, 1893, stands. The latter decision
refers to the protest of Wm. S. (Jray to a 2.3% ad valorem duty on a liquid which
lx>ilcd Ijetween 85°-100° and consisted of lower alcohols, and the protest was over-
ruled. The present importation of fusel oil rests upon these two decisions. (See
protest 38145 a-59818).

2. The excise test for this fusel oil is to shake the liquid with an equal volume
of water to remove the spirit, and then ascertain the amount of alcohol contained
in the aqueous liquid by taking its specific gravity. This test is obviously erroneous
on account of the ready solubility of the alcohols lower than amyl. CJ. L. Ulex,
(.N.J.P., J19, 333) has suggested an miprovement on tliis test which consists in heat-
ing in a retort 100 cc. of the sample until 5 cc. passes over. The di.stillatc is shaken
with an c(iual volume of saturated acjueous salt solution, and the mixture allowe<l
to stand. If the separated fusel oil amounts to one-half or more of the distillate,

the sample is sure to contain less than liy% spirit, and is free from any fraudulent
admixture with the same. If less or no fu.sel oil at all separates, the inference may
l)e .siifely made that at lea.st 15% of spirit is present. In tne latter case, the quantity
of the adulterant may lie determined by shaking a known volume of the sample
with an c(]ual bulk of saturated salt solution (in which propyl and butyl alcohols
are sparingly soluble), allowing the aqueous litjuid to separate?, which is then dis-
tilled, and the alcohol pre.sent calculated from the volume and gravity of the «li.s-

tillatc. A. H. Allen's metluxl is to a,'ntat<» the sample in a graduate<i*tul)e with an
equal volume of l)enzine or benzene, subse«juently adding sufficient water to cause
the l)enzine to separate. The increase in the volume of tlie latter indicates with
approximate accuracy the amount of amyl alcohol in the sample under examination.

3. Comml. Org. .\nal., 1, 1()5.

4. L. c. Sec also Dingl. Polyt., 1.S89, 272, 86; abst., J.S.C.I., 1889, 8, 560.
5. 1875 Cantor Lectures, London.
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recovery sometimes requiring two or three daj-s. Brockhaus, who has

personally investigated the effects of these alcohols on the system,

corroborated the al)ove, amyl alcohol lieing found most toxic. He con-

cluded that the impurities of potato-brandy had a much more active

influence on the human organism than was exerted by ethyl alcohol.*

Rectification of Crude Fusel Oil. There are three distinct

brands or grades of purity of fusel oil on the market, the original com-
mercial pixxluct, the so-called "rectified," which is colorless or nearly

so and practically free from water, and the so-called C.P., which Ls use.!

in forensic and analytical work, and from which traces of nitrogenou:^

bases have been removetl.^ A conmiercial interest attaches to the

first two only.

It has been conservatively estimated that 20-25^^ of the fu.sel

oil proiiuced outside of the United Statos finds its way into the Amer-
ican markets. Practically no rectified fusel oil is imported as such.

S. F. Ball * has calculated that of the 450,000 gallons crude fusel oil im-

1. The author's personal experience as to the extreme poisonous nature of fusel

oil is decidedly at variance with the above. In connection with the rectification

of fusel oil and production of aniyl acetate, at least ten instances have come under
personal observation where the workmen in withdrawing samples of crude and
refine* 1 fusel oil for analysis, by means of a tliief (form of pi{)ette), have uninten-
tionally swalloweti a large mouthful (40-60 cc.). In addition to a severe ga.stralgia,

burning sen.sation in the epiga.strium and soporific effect, no detrimental after-

effects were notice*!. In one instance where upon a wager, 3 ounces (Ho cc.) was
taken at once, and the rectified amyl alcohol remained in the system 40 minutes,
^)eforc emetics (apomorphine hypodermically) were reactive, acute ga.stric dis-

turlwince followed by prolonged sleep as before, constitute*! the only ol>servable

disturbance. .\n apparent immunity is acquired by workmen engaged in the hand-
ling of fusel oil as an occupation. This is especially noticeable in the decrea-sed

tendency to cough upon prolonge<l contact with fusel oil vapors, and the produc-
tion of the peculiar frontal hea<lache. It is not unusual for workmen to descend
into tanks and stills to clean out or repair the same, and to remain there for one
or more hours at a time without relief, in an atmosphere which would suffocate

a person unaccustomed to the smell. The workmen experience no disagreeable
symptoms, and to persons who have manufactured amyl acetate and handled
fusel oil for 25 and 30 years, their physical condition is apparently normal. In
fact, at one time, the inhalation of the " fumes " of fu.sel oil wa.s consideretl a specific

for certain forms of asthma, and wa.s suppose<I to al)ort or minimize the paroxysmal
attacks of the sneezing or corj-za of hay fever. So far as the individual experience
of the author goes, the toxic effects of these alcohols have been given undue prom-
ience. For comparative toxicity of ethyl and amyl alcohol see W. Salant. Proc.

S<»c. Kxp. Biol. Med.. 1«H>.). «. 134.

2. The purified alcohol for toxicological work is prepared from the rectifieil

fusel oil, bv distillation from alkaline pjotassium bichromate, then from phosphoric
or sulphunc acids, and finally from a strong caustic soda solution, the fraction

being reser\'ed which passes over l>etween 127-133°. .\n amyl alcohol prepare*!

in this manner will give a practically negative result for nitrogen upon coml)ustion.

3. J.S.C.I.. lOO.^, 24, 17. In the commercial market there is a decided pref-

erence for .\merican-produce<! fusel oil as distinguished from the (lerman and Ru.s-

sian prorluct. It has a less di.sagreeal)le odor, contains a larger proportion of higher

akohols. as indicated by the increa.>»ed yield of rectifie<l fusel oil obtained upon
distillation, and the amyl acetate from conversion of this .\merican oil has a more
agreeable odor, and has been stated by competent authorities to be a more energetic

and efficient solvent for the celluloee nitrates, than amyl acetate produced from
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ported annually into the United States, SCK^ of the entire quantity con-

sumed is used in the manufacture of amyl acetate, while about 19% is

rectified and used as such. One of the largest firms of amyl acetate manu-

facturers in the country,

computes that of the crude

fusel oil received, not over

15% is rectified, the balance

being converted into acetate.

In the author's experience

this is more nearly a correct

average. Crude fusel oil is

a light amber to straw-yellow

liquid, usually clear, and

having a persistent and char-

acteristic odor. In order to

purify the commercial prod-

uct, it is placed in an

ordinary rectifying still of

copper (Fig. 37), with goose-

neck and condenser as

shown, the still being filled

not over three-fourths full.'
^^^^^ 37

(Jentie- steam heat is ap-

plied to the still of crude oil,

and the distillate for con-

venience is usually divided

into four fractions as follows,

none of the distillates being

composition.^

foreign fusel oil. The superioritv of American fusel oil and the acetate produced
from it is evidenced from the smaller and more pleasant residue left upon evaporation,

and this fintls importance especially in the pyroxylin lacquer and artificial leather

industries.

1. In order to allow for expansion of the oil upon heating, and to give room for

too vigorous boiling.

2. Too rapid ebullition at first may cause siphoning of the contents of the still

over into the receiver.

3. .\ccording to the patented methotl of J. K. Field, and II. Ujhcly (E.P.

2517, 18.S2) water may be removed from fusel oil by first distilling about IKK^ of

the fraction in the usual manner, the distillate l>eing mixetl with petroleum spirit.

After agitating the mixture, it is gently heated, and then alloweil to stand, the

water wliich separates Iwing removed by decantation and the petroleum spirit

separated from the fusel oil by distillation. S. Roessler claims (E.P. 3352, ISSO)

that fusel oil may Ih» freed from the disagreeable smell and made colorless by fat

or vegetable wax. The rapidly decreasing cost of metallic calcium produced elec-

trolytically, has letl to the patenting of a metho<l (I). R.I*. 175780, 15)05) for dehy-
drating fusel and other alcohols, by wanning with calcium shavings and then
distilling off the alcohol. On account of the nitride content of the calcium, the

I'usel Oil Rectifying Still. (Vulcan
Copper Works design.) The inside jacket of

the still is spherical- in form and maile of heavy
copper to withstand the steam pressure. It is

supported in an independent wrought-iron
stand, and equipped with brass draw off in

bottom, glass gauge and manhead.

dear cut or definite as to chemical
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First Runnings. This comprises small amounts of ethyl alcohol,

propyl alcohol and water, and is usually miscible with 2-3 volumes

of water at the room temperature. It comprises that fraction which

contains a sufficiently large excess of water so that the distillate comes

over turbid and upon standing separates into an upper layer of alcohol

and the water underneath.^ The entire fraction is allowed to rest

until separation has become complete,^ when the supernatant liquid

is withdrawn into another tank, and agitated with a dehydrating agent

as calcium or magnesium chloride, preferably the former.^ Agitation

is continued for several hours, the layers allowed to separate, the

upper one of alcohols then distilled separately and used either alone

as a shellac solvent,"* or divided into the two fractions, which will

and will not mix with an equal volume of benzine without turbidity.*

Eroduct contains ammonia or its derivatives, and is consequently conducted through

unit alum, which is in itself an advantage.
1

.

.\s has been mentioned, the alcohols are much more soluble in water than the

corresponding acetates. Therefore the recovery of solvent from the aqucou.s por-

tion of idcohol distillation, assumes more importance than the recovcrj' of the lower

acetates, as explained under amyl acetate manufacture. The calcium chloride

solutions are further distilled in long column-stills, with hot-water separators, the

water being kept at a temperature of 75-80°. About 75% of the alcohols arc

regenerated in this manner, and after dehydration added to rectified fusel oil or

useti for pyroxyUn dehydration under pressure, being freely miscible with water.

2. Usually over night.

3. Ball (1. c.) has called attention to the fact that the United States imiwrt

duty (1906) on ethyl alcohol is $2.25 per proof gallon, while that levied on " fusel

oil is but one-fourth cent per pound. It merchandise containing excessive quan-

tities of ethyl alcohol could be "entered" and "passed" as " fu-sel oil," a con-

siderable saving in duty to. the importer would result. In view of the fact that

fusel oil of this character might be imported, the Customs authorities caused analyses

to be made of numerous samples, with the result that the average amount of alcohol

in 50 importations was found to be 5.04%. In 4 instances the amount was 16.38,

IS.'Jl, 27.60, and 77.35% respectively.

.\ccording to Gottig (Ber., 1890, 23, 181) who appears to have first discovered this

combination of propyl alcohol with calcium chloride, a crystalline body is formed
less soluble in water than propyl alcohol. He reports that after ilistilling the mix-
ture ol propyl alcohol and calcium chloride, there separated two crj-stallizable

Ixxiies, one of which gave results indicating the formula CaCl,.3(',HgO. To deter-

muie whether this was an accidental mixture, the Ixxly was recrystallize<l from
propyl alcohol and again gave the same analytical figures. The product formc.l

transparent acicular crystals, slightly heavier than water. It is a fact that 6-15%
of alcohols boiling at 80-95° are to l>e obtained from distillation of the calcium

chloride solutions used for fusel oil dehydration purposes.

4- Five or more years ago, when fusel oil could compete in price with wood
alcohol, large quantities of these partially dehydrate<l alcohols, containing 11-13%
water by the Customs Hou.sc alcoholmeter, were u.sed under tnule names of LX9,
1.x 10, and by other names as solvents for various resins, principally shellac, copal

and dammar. None is being used for this purpose at the present time, due to the

high cost of crude fusel oil.

5. -\ method of purification of low-boiling residues has been suggested, which

craisist« in adding to the alcohol .saturate<l with the water some water-repellant

liquid miscible with the alcohol, as petroleum Itenzine. or the higher-lioiling ker«>senes,

or light spindle oils. The petroleum precipitates out a further amount of water,

which IS separated by decantation and the alcohol distille«l away from the jx'tmleum,

the latter l>eing used again for a similar purpose. It has l>een stated tliat a rp|K>ti-

tion of this method will render the lower alcohols of crude fusel oil sufficiently
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The former is tuldcd to rectified fusel oil,^ und the latter re-treated.

The temperature of the distillate will seldom rise above 90°.-*

Second Fraction consists of that portion which distills clear, but

still shows the presence of water by reacting cloudy when benzene

is added to a sample. It represents that portion of the total distillate

containing water, but not to the point of saturation, the fraction

being discontinued when the absence of a cloudy solution when mixed

with benzine, indicates the water present has been reduced to a neg-

ligible quantity. It is dehydrated in a manner similar to the first

fraction, and the anhydrous final portion added to it.

Amyl Alcohol Fraction. This comprises all that portion of the

distillate which upon the addition of one or more volumes of benzine

mixes without turbidity.^ When the distillation has been properly

conducted this portion may be considered as practically pure amyl

alcohols. If the fusel oil is to be used in the manufacture of " high-

boiling " amyl acetate, the still is stopped at the point when the dis-

tillate reacts clear with benzine, and after cooling of the still contents,

removed to the amyl acetate building for conversion. Where fruit

ethers and pharmaceuticals are to be prepared, the amyl alcohol third

fraction is sold without the addition of the lower dehydrated fraction.

In the selection of rectified fusel oil for the dilution of an amyl acetate

pyroxylin mixture used as an application over real leather, this third

fraction without admixture is sold. I'sually amyl alcohol prepared in

this manner by direct steam distillation of cruile fusel oil, while water

white at first, after exposure for some days to air and light, acquires

a light yellow color, which varies in intensity with the care and speed

with which the original distillation was carried on. To obviate this

anhydrous for commercial purposes, without exposing them to the solvent action

of calcium or magnesium chlorides. So long as any considerable amount of water
remains in the still, the boiling-point of the distillate will always be at a temperature

close to that of boiling water. The artificial leather and pyroxylin lacquer trade

demand a refined fusel oil with the minimum limit of moisture represented by the

ability of the fusel oil to mix clear with one or more volumes of benzine. (For fallacy

of this, see Tests. Cf. Ilges, E.P. 171)27, 1892.)

2. Inasmuch a.s the present term "refined fusel oil" is ratiuT jiciurio th:i!i

specific, and comprises all anhydrous products, colorless and obtainai)lc' from fus«'l

oil, the lower colorless alcohols are usually disposed of this manner. The liwk

of uniformity of results in the pyroxylin coating of real leather, is often traceable

to the variation in speed of evaporation of the contained fusel oil due to the pre-

ponderance of lower or higher alcohols in different lots of the coating composition.

Crude fusel oil from potatoes has the most pronounced and disagreeable smell.

3. According to Pierre and Puchot (.\nn. ('him. Pliys., IStkS. (4). 22. 2:J4.) a

mixture of amyl alcohol, b. pt. 130°, and water, boils at 96° and the distillate con-

sists of 2 volumes water to 3 of alcohol. In the case of butyl alcohol, b. pt. 1()S°.

the boiling point is lowered to 90.5°, and the constituents pass over in the propor-
tion of 1 volume of the fonncr to i) of the latter.

4. Other conilitions remaining the same, the slower the distillation is conducted
the greater will be the amyl alcohol fraction.
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tendency, a second distillation may be made with potassium perman-

ganate * or potassium bichromate, aided by the ad<lition of a small

amount of caustic socla.^ When thus redistille<l, the procJuct will

remain colorless indefinitely.

Bottoms. From 3-l(Kf of liquitl will usually remain Ijehind in the

still, which the steam pressure fails to distill over. This may Ije with-

drawn after cooling and usetl for umyl acetate production, or a partial

purification may lie eflfecjteil

by blowing over the portion

by means of a live steam jet

introduce<i directly into the

liquid inside the still,^ separ-

ating the .supernatant alco-

hols, which, after deh\'dration.

can be di.stilled and rendered

sufficiently anhydrous for use.

Yield. It is exceetlingly

difficult to give even a rough

approximation of the average

\ield of rectified amyl alco-

iiols from commercial fu.sel

oil, due to the variation in

composition of the latter,

and the method of distilla-

tion. In general, taking a

fusel oil of same composi-

tion, the more uniform and slower the distillation, the larger the yield

of the amyl alcohol-containing fraction.^ The author is aware of

importations of the crude oil,* all of which were miscible without

turbidity in an equal volume of water, and in which, therefore, the

amj'l alcohols must have been very low. A good crude fu.sel oil, con-

Fig. 38. The Wollbrink Benzine Purifier.

1. Care must l)e taken not to use an excess of permanganate. Instances are
on record where the rea<ly oxidation of the permanganate ha.s resulte<l in fires.

2. 0.4% pota.ssium bichromate and 0.6% caustic soda calculated on the weight
of fusel oil operated upon, is efficient.

3. The Ixtttoms may also be advantageously distilled with live 8team in a
lienzine purifier of the Franz Wsilbrink style (tig. 38), where the bottom of the
still carries a coil with perforations which causes the fusel oil bottoms to lie carried
over with the steam. By means of the separator or divider attached to the con-
denser, the water and fu.sel oil flow out of the two orifices, the latter from the
higher one, on account of its gravity being less than water. The practical insolu-

bility of this high l>oiiing portion in water, causes but Uttle loss by solution of the
oil in the discarded water.

4. Fusel oil fractionated in this manner is usu&lly of a light straw color.

5. In each instance, potato fusel oil. For separaticm of the fusel oils, see G.
Garbarini, Bull. Assoc. Chim. sucr. di.st.. S6, 1078.
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tttining not over 7'/l water, ought to yield at least 60% amy] alcohols,

80';^ of wliich shouKl boil above 128°.

All iliijilish piitcut* has been granted W. D, Field for a process

of rectifying fusel oil by distillation, and is described by the patentee

as follows: The crude fusel oil containing the propyl, butyl, amyl

alcohols and water, is distilled with light petroleum spirit which has

a boiling-point of not over 100°, Amyl alcohol is said to be com-

pletely dissolved in the petroleum, while the water accompanying it

and the lower alcohols are insoluble, and separate therefore in a dis-

tinct layer. After their removal the petroleum-amyl alcohol fraction

is distilled, the petroleum coming over first, and being used again for

a similar purpose.

Traube and Bodlander - have originated a method for the purifica-

tion of crude fusel oil, and the separation of fusel and ethereal oils

from aqueous methyl and ethyl alcohols. It has been found that if

mixtures of methyl and ethyl alcohol and water in which fusel oil is

contained be nearly saturated with certain salts, as sodium carbonate

or ammonium sulphate, a separation of the entire liquid in two well-

defined layers takes place at certain degrees of concentration and

temperature, and upon examination it was found that the upper stratum

of liquid contained nearly all the admixture of fusel oils originally

present in the alcoholic liquids. The most favorable results were

arrived at by taking 39-40 k. anhydrous sodium carbonate or ammo-
nium sulphate, dissolving in 1 hecto of water, to which solution is added

at a temperature of about 20°, 50 1. raw fusel oil. After formation

of the well-defined layers, they are separated in a suitable manner,

and by once repeating the treatment, a highly concentrated solution

of fusel oil may be obtained. This process does not take into account

the considerable losses due to the solubility of the alcohols in the alkali

solution, or the cost of fractionally recovering the same, and the re-

generation of the carbonate or sulphate. It is also apparent that the

method requires a large tank capacity if manufacturing amounts are

to be daily purified in this manner.

1. E.P. 2517, 1883. Cf. Franz Pampe, D.R.P. 205034, 1906.
2. For other references in English to the alcohols of fusel oil and their purifi-

cation, see J.S.C.I., Vol. 1, 1882, 115, 157, 197, 294, 331, 377; 1883, 357, 389; 18S4,
514; 1885, 238, 420, 462; 1886, 249, 393, 395, 457, 496, 498, 546; 1887, 52, 144,
146, 338, 376, 514, 555, 563; 1888, 42, 127, 129, 238, 348, 405, 449, 450, 453, 527.
762; 1889, 219, 309, 310, 441, 559, 560, 734, 924, 995; 185)0, 18, 537, 541. 1155;
1892, 161, 391, 487, 699, 717, 831; 1893, 283, 373. 951; 1894, 167, 287, 427, 9()9.

982; 1895, 174, 376; 1896, 140, 273, 300, 477, 552, 680; 1897, 253. 348. 374. HM).

774; 1898, 174, 483, 685, 864, 954; 1899, 107. 387, 613; 1900, 378. 38:^. 472, 76S,

1105, 1148; 1902, 182, 193, 199. 367, 419, 720. 785; 1903, 790, 1017, 1098. 1259;
19(M, 124, 305, 451, 726, 773, 1107, 1113; 1905, 18, 246, '299, 340, 344. .391, 68:?.

692, 1121, 1247, 1322; 190(i. 398, 604, 650. 999, 10(X), 112.'), 1167; 1907, 28, 4S();

1908, 516, 824, 913; Chem. Abst., 1909, 3, 223, 819, 1322, 2196, 2484.
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Commercial Uses. Until the manufacture of amyl acetate be-

came a distinct industry, the use« of fusel oil, both commercial and

rectifietl, were limited to the extraction of alkaloids, the preparation

of a few dyestufTs, and as a synthetic source for valeric acid, the valer-

ates and the so-called amylic ethers. Although proposed many times

as a solvent for resins in spirit varnishes *, its use did not meet with

much approval at first, mainly on account of the odor and low volatility.

Cyaninc or quinoline blue,^ a color used quite e.xtensively as a silk

dyestuff, may be produced by treating quinoline or its homologuea

with amyl iodode and neutralizing. When anhydrous oxalic acid is

heated with amyldiphenylamine, a bluish substantive dj'estuff results,

the amyl halides required in the intermediate steps of manufacture

beine: obtained from fusel oil. In the production of methyl and

('th\l green from methyl violet and the rhodulines, one method of

purifying the crude dyestuff is by agitating its aqueous solution with

amy] alcohol.^ H. Briem has suggested fusel oil obtained from the

fenuoiitation of beet sugar molasses as crude material for the pro<Iuc-

tion of illuminating gas of superior quality, and in ISSO'* reported

that several German factories had introduced the process and ap-

parently with satisfactory results.^ Valeraldehyde and valeric acid

result from the careful oxidation of the amyl alcohols, potassium

bichromate being usually taken as the oxidizing agent. The valerianates

find extensive use in medicine and pharmacy as nervous sedatives.*

Pental (trimethylethylene), one of the amylenes, a local anesthetic

ami hj-pnotic, is derived from the reduction of amyl alcohol by heat-

ing with zinc chloride. Prior to 1860 this liquid was used extensively

in dentistry, but owing to imperfect methods of purification, dis-

agreeable after-results attended its use, and it gradually fell intci

disuse. Amyl alcohol and amyl nitrate added to nitroglycerol (gly-

1. In 1859. J. C. Fischer, E.P. 1278, obtained the first patent for an amyl
alcohol containing spirit varnish, the resin specified being shellac. Sixteen years

later. W. E. Pitchfonl obtained prot^tion for a combination of copal with fusel

oil. The next year, M. Zingler, E.P. 215, published his process for tne dissolution

of the softer copals, in which the fusel oil was assisted by acetic or nitrous acid.

2. A. W. Hoffman, E.P. 121)1, 1863.

.3. Organ ties Central-Vereins fiir Ruben2ucker-Ind. in der Oest. Ung. Moiuirchie,

1S77, 180; 1S79, 265.
4. Ibid., 18S0, 20. For cobalt reaction of Danziger by means of amyl alcohol,

ammonium thioacetate and stannous chloride, see Pharm. Centralh., IWi. 43, 369.

5. One factory was a distillery, where a value of but eight cents a gallon was
placed on the crude oil.

6. .\mvl alcohol enters into various pharmaceutical products, as the urethanes
(F. Bayer! E.P. 25069. 1899). carlmmic esters of secondarj- alcohols (E.P. 18802,

1899). vanillin (E.P. 22351. 1895), carbamic esters of acidylamidophenols (E.P.

24901. 1894). acetvl salicylic acid (E.P. 14699. 1902). acetyl-/>-o.\yphenylurethanes

(E.P. 22757. 1892). and diphonylhydrazine (E.P. 1216, ISW). For patents!

process of increasing the djTiamic energy of amyl alcohol by the ad<lition of small

amounts of nitrobenrene, see F. de Mare, D.R.P. 1M575, 1902.
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cerol trinitrate) form E. Liebert's process ' for diminishing the sen-

sitiveness of the latter to oohl antl concussion. An untifouiiug composi-

tion for ships' bottoms has been proposed ,2 composed of zinc dust,

shellac and amyl alcohol, said to be exceedingly resistant toward sea

water. Amyl alcohol has been made the basis for a process of purifica-

tion of mineral oils,^ wherein the latter are purified from asphaltic

and tarry matters. By mixing the crude oil with fusel oil, the latter

dissolves the mineral oil mixture, but not the tar. The mineral oils

are recovered from the fusel oil by distillation.* In the early seventies

and eighties when fusel oil was cheap, the process of G. W. Bentley *

for the extraction of oily and fatty matter from wool and cotton,

was extensively used in England. It consisted in subjecting the mate-

rial to the vapors of amyl alcohol, the latter being afterwards purified

by distillation. The Gratz method ^ of preparing rubber for vulcan-

ization depends upon treating the rubber with hot amyl alcohol mixetl

with water for the purpose of keeping down the temi^erature during

vulcanization.

Junker and Degener have patented ^ a process for preventing

moisture and frost collecting on window panes, which consists in

applying to the glass a mixture of glycerol 10, amyl alcohol 4, and

yellow amber oil 4.

The above uses of amyl alcohol are unimportant as compared with

the use of fusel oil as a solvent of resins in spirit varnishes and pyroxylin

lacquers, as a cellulose nitrate solvent in conjunction with camphor

and the application of heat, and for conversion into amyl acetate.

(See next chapter.)

Analysis of Crude Fusel Oil. The commercial examination

of crude fusel oil comprises a series of approximate tests upon which, in

their entirety, a judgment as to the value of the sample may be obtained.

The following are the more reliable:

1. Specific Gravity. Is taken with an ordinary spindle, at 15.5°

or 25°. The determination may be'made more accurate by the use

of a volumetric flask (Fig. 3£*) graduated from 95 to 110 cc. in 1/5 cc.

By filling the weighed flask to the 100 cc. mark, and weighing, the

amount found divided by 100 will give the specific gravity desired.

Crude fusel oil will range from 0.81-0.835, the density increasing with

increase of water and lower alcohols.

2. Boiling Point. 200 cc. are carefully distilled in a 300 cc. three-

1. D.R.P. 51022, 1889; so also dinitromonochlorhydrin (lab, Chem.Tech., 1876,
22,481).

2. M. E. DeJouge, E.P. 19160, 1890. 3. E.P. 10663, 1901.
4. E.P. 8923, 15)01. 5. E.P. 2262, 1874.

6. E.P. 3889, 1906. 7. FJ». 360715, 1905.
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bulb Ladenburg flaak (Fig. 40) the temperature at which the first drop
and each 10 cc. comes over being noted. The results are expressed in

percentage i*'ith a constant heating surface, and the same speed of

distillation use<l for each determination. An average (Jerman or
Russian crude oil will give results somewhat as follows: 90-100°,
•ifv;: 100-110°, 15%; 110-120°, 10^'^^; 120-135°, 55%; above 135°,

.scKiuia ovej" 5%. __^

3. Lottvr Alcohols (Government Test).' "The oil after having
been washeil and drawn into packages shall be thoroughly plunged

;*.—Volumetric
ilask.

Fig. 40.—Three-hulb Laden-
burg Fractionation Flask.

i
Fig. 41.

U. S. Government
Fusel Oil Tester.

or agitated and then specimens drawn from each package into a test

tulje, to he provided by the distiller, for examination. The test tube

is of glass (Fig. 41), bulb shaped and closetl at one end, having a gradu-

atetl scale marked upon the glass in degrees from near the top to

near the swell of the bulb. The bulb will contain three times as

100 much liquid as that of the tube, which is graduated from 0-100°.

The tube having been filled with water up to the mark 100, oil shall

be added until the tube is filled to the mark 0. The oil water shall

then be thoroughly mingled by violently agitating the contents of the

tube. If, after sufficient time has been allowed for the oil to fully

separate from the water and resume its position at the top of the tulje,

1. Rules and Regulations Concerning the Tax on Distilled Spirits, under the

Revised Statutes of the United States, Apr. 15, 1901, page 61.
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the scale shall show that not more than 10° or IO9; of the oil has

disappeared or been dissolved in the water, the oil shall be passed

as merchantable, that is to say, containing so minute a quantity of

alcoholic spirits as not to be profitably recovered by distillation; but

if over 10° of oil disappears, the oil will not be considered as suf-

ficiently purified, and cannot be removed in that condition." This

compulsory removal of lower alcohols before offering for sale, thus

insuring a much more uniform product than foreign crude fusel oil,

is perhaps one reason why American crude oil commands a higher

price than the foreign product.

4. Amount of Water. 100 cc. petroleum benzine is placed in a

volumetric flask (Fig. 39) and 10 cc. oil added, and vigorously shaken,

the fusel oil will pass into solution in the benzine, and the major por-

tion of the water will be precipitated and rise to the top, where, after

several hours' standing, it may be read off in terms of percentage,

5. Water Absorption. Equal volumes water and oil are mixed,

and the increase in bulk of water noted. The increase is in direct

proportion to the presence of lower alcohols.

6. Color and amount of water separating out over night are noted.

7. Calcium Chloride Test. Equal parts of a saturated aqueous

calcium chloride solution is mixed with the oil, thoroughly agitated

and allowed to separate. The increase in volume of the calcium

chloride is an indication of the amount of lower alcohols present. The

increase will usually fluctuate between 10-25% .^

1. According to some authorities, crude fusel oil when shaken in a Rose's tube
with about 3 times its volume of calcium chloride solution, sp.gr. 1.225, ought

to show not less than 75% real fusel oil (insoluble), the_remainder being ethyl alcohol

and water. The following quantitative method is proposed for the determination

of the ethyl alcohol: 50 cc. of the crude oil is shaken m a separating funnel with

KK) cc. of the above calcium chloride solution, and after running off the latter, the

residual oil is washed twice with 50 cc. of the calcium chloride solution. The
extract and washings being mixed, 100 cc. are distilled, the volume of ethyl

alcohol lieing calculated from the specific gravity of the distillate. For r^sum<5

of quantitative methods of determinuig fusel oil see W. L. Dudley, (J..\.C.S., 1908,

:M), 1271). A. S. Mitchell and C. R. Smith (U.S. Dept. of Agric; Bull. No. 122,

(1909) 199) have worked out the conditions necessary to prtxluce definite oxidation

of the various higher alcohols by alkaline potassium permanganate solution and
give the following process for the determination of the higher alcohols obtained

in the carbon tetracnloride extract from distilled spirits. This carbon tetrachloride

solution of the alcohols, obtained as in the .\llen-Marquardt process (see Schidro-

witz, J.S.C.I., 1902, 21, 815), is placed in a separating funnel, 10 cc. of pota-ssium

hydroxide solution (1 :1) are added, and the mixture is cooletl to a temperature of

approximately 0°. Exactly 1(X) cc of a 2% potassium permanganate solution

are placed in a fla.sk and also cooleil to 0°, the bulk of this solution l>eing then
added to the contents of the separating funnel. The fininel is now removetl from
the ice-bath, its contents are shaken for 5 minutes, and allowed to stand for 30
minutes, during which time the mixture attains the ordinary temperature. One
hundnnl cc. of hydrogen peroxide solution of a strength slig'litly in excess of the
permanganate solution are next placet! in a 1-liter Erlenmeyer flask. 1(X) cc of

25% sulphuric acid are added, and the contents of the separating funne' then
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Amyl Alcohol. Tests of Purity. 1. SjH-n'ftr (jrnvity \'i°'\')°,

0.812-O.H16.

2. Non-volatile Matter. 10 gm. evaporated to dryneas on the water

bath should leave no appreciable residue.

3. Solubility in Water. 5 ee. alcohol and 95 cc. water at room
temperature shaken thoroughly, should not produce a clear solution.

(IJmit of lower alcohols).'

4. Water. Any rectified fusel oil which will mix with one or more

volumes of benzine without turbidity may be considered sufficiently

anhydrous for technical use.^

5. Amyl Aret^iie and \eutral Amyl Estera. The alcohol is agitated

with an etjual volume of 50 [ acetic acid. Amyl alcohol di-ssolves, any

separation Ijeing neutral amyl esters (acetate, etc.)

G. Benzine and Similar Peirdeum Pro<lucts. One volume oil and

2 volumes concentrated sulphuric acid agitate<l, should not develop

an upper colorless layer in one hour.'' The sulphuric acid ought not

to \)e <larker than a light yellow.*

ruit in gradually with constant shaking. The funnel and the flask containing the
residue of the permanganat« solution are rinsed with water and the washings
addeil to the peroxide solution. The excess of hydrogen peroxide is then titrated

with an accurately standardized potassium permanganate solution containing alM>ut

10 gm. of the salt per liter. .\ control experiment is run at the same time, using
the .same amounts of the various solutions. One gm. of potassium permanpanate is

ec|ual to 0.475 gm. of propyl alcohol, or 0..5S5 gm. of j.sobutyl alcohol, or OAV.Hi pm.
of amyl alcohol. Consequently, the difference in the amount of permanganate
consumed in the two determinations, expressed in grams and multiplied by 6.6<J6,

gives the quantity of alcohols present in terms of amyl alcohol. See Beckmann,
Z. ang. Chem., 1901, 14, 951: Z. Genuss., 1901, 4, 1059; Chem. Ztg., 1JH)1. 2.j, 7S7.

L. Bigelow (J..\.C.S., 1896, 18, 397) has indexed the hterature on the detection and
estimation of fusel oil in spirits.

1. This test will differentiate between a fusel oil consisting of the higher boiling

fractions exclusively, and one to which have been added the water-freed lower
fractions. The " Bower's Test " for lower alcohols consists in shaking 2 parts
fusel oil with 1 part water, and noting increase in volume of aqueous layer.

2. It is a peculiar and inconsi-stent fact that large users of refined amyl alcohol
in the arts insist upon a product which will remain clear with two or three volumes
of lienzine, and »nll not accept an oil which will remain clear when mixed with
(say) one volume of benzine, the difference being at the most only one or two-
tenths per cent, of water in the fusel oil, yet they will incorporate in the same
lacquer or varnish formula, wood alcohol containing 2%, or 3% of water without
any determination of water present in the latter.

3. It is necessary to place a time limit on this test, for it has been repeatedly
demonstrated that fusel oils of unquestioned purity will give an upper layer of

from 0.2-1.5% when treated with sulphuric acid in this manner. A. sample of

Kahll>aum's amyl alcohol for toxicological work, when examined in this manner,
gave with the author 0.8% upper colorless layer after 25 hours. The liquid

obtained from 3 k. of this alcohol when fractionated, lx>iled at 220-250° and was
practically without odor. It refused to acetate.

4. .\ccording to L. Udransky (Ji^.CM., 1889, 8, 309) amyl alcohol which give«

a colorless li<jui(l when mixetl with sulphuric acid can only ^x; prepare<l by repeated
and troubles<jme treatment of the commercial prt-paration with cfmcentrate«l sul-

phuric acid, and the chemically pure alcohol can only be obtained by decomposing
potassium amyl sulphate.
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7. Acidity. 5 cc. alcohol agitated with 10 cc. 0.2% neutral azo-

litmin in water, should not assume a decided red color.'

8 For Gerber's Fat Determination? 1 cc. amyl alcohol, 10 cc.

sulphuric acid and 11 cc. water mixed in a (lerl)er butyrometer, then

centrifuged 5 minutes, should not exhibit an oily portion after stand-

ing 24 hours.

9. Foreign Organic Matter, Furfural, etc. An equal volume of the

alcohol and concentrated sulphuric acid, when shaken together, should

develop not darker than a faint pink color. Or, an equal volume of

the alcohol and 20% potassium hydroxide solution shaken together,

should acquire no color.

1. H. D. Richmond and J. A. Goodson (A., 1905, 47, 77) have drawn attention to
the fact that amyl alcohol is liable to contain petroleum as an impurity, owing to
the use of petroleum casks for packing the alcohol, the presence of as much as 4%
of petroleum having been recorded. The authors report examining a sample of

commercial amyl alcohol containing about 1% of petroleum and which gave ex-
cessive results when employed for the determination of fat in milk by the (Jerber

method, and state that any amyl alcohol which gives any insoluble layer when
2 cc. are treated with 10 cc. of water and 10 cc. sulphuric acid should not be used
for testing milk. The writer's experience is that any amyl alcohol which contains

4% petroleum, equivalent to 2 gallons, per barrel, must have Ijeen added inten-

tionally and not incidentally.

2. Cf. N. Gerber and M. Craandijk, Milch. Ztg., 1898, 27, 611; Chem. Centr.,

1898 (5), 2, 907; M. Prud'homme (R.G., 1900, 43, 20<0 claims that a slightly

alkaline solution of magenta at the ordinary temperature imparts a retl color to

amyl alcohol containing valeric acid, and a pink color when sodium valerate is

present. He claims it is practically impossible to obtain amyl alcohol free from
valeric acid or its so<lium salts. For critical review of the methods of determining
water and ethyl, propyl, butyl, and amyl alcohols in fusel oils, see Faustein and
Bengs, Chem. Ztg., 190^), 3.3, 1057; H. von Wyss, E. Herzfeld and O. Rewidzoff,

Z. Physiol. Ch., 1910, 64, 479.
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CHAPTER VI

AAIVL ACETATE

r \' 11 ('( tho possible amyl alcohols may theoretically be converted

into tlu* corresponding acetate, C5HnC2H302, by replacement of

OH of the alcohol by the acetic acid radical C2H3O2. For all prac-

tical purposes, however, t«oamyl acetate * is the only isomer which

needs to Ix' considered, and it is this ester which forms the major

portion (»t (ommercial amyl acetate, both that used as a flavor and

technically as a solvent. This is especially true if the acetate be

produced from refined and not crude fusel oil 2

There are two distinct qualities of amyl acetate to be obtained

in coniiiKicr, and int(ii<l(Ml for different purposes—purified amyl

acetate nuule by the so-called " cold " process and technical amyl

acetate produced by the " hot " process. That produced by the

former process has a much more ethereal and pleasant odor, is prac-

tically free from homologous esters, and its use, which comparatively

is very limited, is restricted to flavoring essences, synthetic fruit

flavors, and as an ingredient in confectionery and soft drinks, and

consists of nearly pure isoamyl acetate. It has also recently come

into some prominence as a standard for photometric measurements,

1. Thf otluT isomeric amyl acetates whose properties have been studied with
much certainty are: Normal amyl acetate Ijoils at 146.7° (Gartenmeister, Ann., 1886,

233, 260), or 148.4° at 787 mm. pressure (Lieber and Rossi, Ann., 1871, 159, 74).

Sp.gr. 0°/OP, 0.8948; 20°/20°, 0.8774. Prepared from normal amyl iodide and
silver acetate. Methylpropvlcarhinyl acetate Iwils at l.'J3~135° (Wurtz, Ann.,

1868, 148. 132) or 134-137° (Schorlemmer, Ann., 1872, 161, 26U), sp.gr. 0°/?. 0.922.

Mcthyl/.s«propylcarbinyl acetate, l>oiling point 12.5° (Wurtr, .\nn., 1864. 129, '.{67).

Dicthylcarhinyl acetate Iwils at 132° at 7*41 mm. with a sp.gr. of 0.?M>!> at 0°/?.

(Wagner and Saytzeff, Ann., 1875, 175, 306). Tertiary amyl acetate, Ixtiiing at

124°. I'M mm. pressure, and with a sp.gr. of 0.891 (Flawitzsky. .\nn.. 187;). 179,

.i48), which is decomposed by heat into amylciic and acrtic ari<l (Menschutkin,
C. R., 1882, 95, 648).

2. In the lalwratory small (juantitics may Ik* readily obtainwl by lieating 1

part each of amyl alconol and conccntnite<l sulphuric acid, untl while the heat of

combination lietween the acid and alcohol is at its height, 1.5 parts glacial acetic

acid is carefully introduced in small portions at a time by means of a separatory
funnel, no external heat lx;ing applie<l. After the two layers have been fc»nne«l

the upper is decanted and after washing and neutralizing with a(|ueou8 sodium
carlxinate, is carefully distilled, and that portion which passes over alwve 132°

reserved as the finished product, which will be found practically pure.

213
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the Hefner photometric lamp giving a steadier and more reliable

luminosity, it is claimed, than a standard candle. The combined

use as an odoriferous fruit ether ' and as a photometric standard is

probably not over 2% of the amount produced by the " hot " process,

the latter finding its principal use as a solvent. The cold process is

comparatively a simple method of production, and is carried out in

open, shallow earthenware or copper pans, involving no complicated

or costly apparatus. The acetic acid in the free state (about 80%
strength has been found the most economical to use), or more often

as an acetate, sodium acetate being used almost exclusively, is mixed

with rectified fusel oil, in which the lower boiling alcohols have been

eliminated by careful fractionation. Sulphuric acid is added as a

dehydrating agent only, to combine with the water eliminated in the

interaction between alcohol and acid if free acetic acid be used, or in

addition to combine with the base if an acetate be employed. The

usual proportions are 200 parts by weight sodium acetate containing 3

molecules of water of crystallization, 110 parts of carefully rectified

fusel oil and 85 parts of oil of vitriol 66° B6. (about 93.5% absolute

sulphuric acid) . Where the acetic acid used is above 80% in strength,

it has been found that the ester yield per unit acetic acid introduced

is diminished, and hence the process becomes more expensive.^ The
fusel oil is placed in the open pot, sulphuric acid added gradually and

with continual agitation. If acetic acid be used it is introduced

gradually and at the last, whereas an alkaline acetate is placed in the

converter first and the fusel oil-vitriol fraction added in small portions

at short intervals with frequent and thorough agitation. Combina-

tion occurs at once, the mixed amyl alcohol and acetate rising to the

surface. After standing for some time, usually over night, the super-

natant liquid is withdrawn and partially separated from the uncon-

verted alcohol by a slow distillation, after having been entirely neu-

tralized by the addition of a dilute alkali, usually sodium carbonate.

Upon distillation an aqueous portion at first passes over, after which

pure amyl acetate. The yield is about 85% of the theoretical by
weight, that is, from 100 gal. refined fusel oil weighing 675 lb. there

should be obtained about 850 lb. purified acetate.^ There are still

small amounts of unchanged fusel oil present, and where a liquitl of

exceptionally fragrant odor is desired, the amyl acetate is treated

1

.

Usually in combination with other esters.

2. The theoretical proportions arc 88 lli. amyl alcohol, and fiO Ih. abeolute
acetic acid, or 82 lb. anhydrous sodium acetate, I'M crystallized sodium acetate.
However, in practice, it is always necessary to have 10-20% excess of acetic acid.
If this was not added, but a portion of the alcohol would be transformed into acetate.

3. Calculatod as amyl acetate.
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again with alkaline acetate ami sulphuric acid in order to further

convert any remaining fusel oil into acetate.*

The manufacture of this ester for commercial purposes has assumed

enormous proportions, requiring considerable capital, and involving

a high degree of intelligence and close application to seemingly unim-

jwrtant details where the maximum yield is to be obtained. It

is estimated that the United States at the present time consumes

annually aver 450,000 gal. amyl acetate, which quantity is yearly

increasing. The ramifications of the application of the cellulose

nitrates, opening up possibilities practically limitless, has steadily

increased a demand which has never been satisfied by the production.

The continual rise in price of crude fusel oil without a correspond-

ing increase in the selling price of amyl acetate, has necessitatctl

the introduction of many refinements looking toward an increase

in yield from a given amount of fusel oil. Free acetic acid is now no

longer used as the source of acetic acid on account of the cost as com-

pared with acetate of lime. Manufacturers have been compelled to

recover solvent dissolved in the aqueous portions, and to regenerate

the excess of acetic acid required in the process. The commercial

manufacture of amyl acetate as at present carried on, is given some-

what in detail, on account of the almost entire absence of reliable

information on this important solvent, its rapidly increasing prom-

inence in a progressing industry, coupled with the fact that to-day

it is the most important and extensively used liquid cellulose nitrate

solvent.

Charging the Still. For the sake of convenience and uni-

fonnity, the following description is based upon a charge of 100 U.S.

gal. :5s7.") I.) fusel oil.2 The equivalent of 800 lb. oil of vitrol of 66°

1. Some manufacturers seek to improve the acceptability of the odor of the
acetate by first distilling the fusel oil with about 1% potassium bichromate and 3%
.sulphuric acid. A small part of the amyl alcohol passes into valeraldehyde and
then into valeric acid. Upon subsequent esterification, amyl acetate mixed with
a small quantity of amyl valerate is produced, and a more fragrant bouquet is

thought to result. See H. Trimble, .\m. Jour. Pharm.. 18S7. oU, 275.
'2. Thi.s neces-sitates a still of about 400 gal. capacity to the upper rim, l)eing

niughlv alK)Ut four times that of the fusel oil introduced. Where fu.sel oil is imjwrte<i,

a.s is tlie cu-stom in the United States, there is always a considenible discrepancy
l>etween the ciuantities billed and received. The crude oil is usually importe<l
in wocxlen casks or hogsheads, anil looses from leakage during transportation are
considerable. Importation in iron drums is not feasible, both from the high initial

cost of the drums and the cost in forwarding back to the foreign port, but usually
l>ecause they are in such a rusttMl and filthy condition as to be practically useless a.s

lacquer or solvent containers for use in the traile. In order to minimize loss from
evaporation and produce a fairly uniform sample, the contents of the containers are
run into large iron tanks until uscl. The ca.sks after the liquid has Ih'cu entirely

emptie<I out, are place<l over a live steam jet, and the inside thoroughly steame<f.
It this manner from the condense<l steam is recovertMl from each ca.sk i to } gal.

cudc oil of more value than the .selling price of the empty casks. The recovery of
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hi. strength > but reduced to 63° B6.^ is previously mixi -l in a separate

iron or lead pot with the fusel oil, preferably crude ;iii(l allowed to

fusel oil and otlier alcohols from casks and other wwxlen containers by steaming
has been recently patenUxI by J. (Jilchrist (U.S.P. 951110, I'JIO) and Wm. Miller

(Ui>.P. 95132S, 951507, 1910). The discrepancy Ix'tween the weight of oil as bille<i

and received will vary between wide limits, some casks being received not over half

full. In general, the combined shortage varies within the limits of 4-7%, and occa-

sionally reaches as high a figure as 10%, although the latter must be considere<l

excessive. The crude oil as received varies greatly in composition in the individual

containers from the same shipment, although casks of same size and shape as

indicating an individual lot or consignment from one phice, will l)e quite uniform
in composition. The general storage tank is thoroughly agitated after filling,

a sample withdrawn for laboratory examination, from which the ratio of higher

and lower alcohols is determined, and the conversion process into acetate varied

accordingly.

1. This is equivalent to about 750 lb. absolute sulphuric acid. It is difficult

to procure oil of vitrol of 63° B^. strength in the American market, which necessitates

the reduction of the 66° B6. strength. Where the 66° B^. acid is used, the heat of

reaction between the crude oil is so intense that loss from evolution of lower alcohol

fumes usually occurs. Furthermore, the stronger sulphuric acid is reduced by the

small amounts of tar present in the acetate of lime, sulphur dioxide is evolved,

and disagreeable sulphur-containing compounds result which distill over with the
amyl acetate, and are removed therefrom only with great difficulty.

2. The object in mixing the fusel oil and oil of vitrol separately and .some hours
previous to introduction into the still is that the reaction of the acid upon the
alcohol results in the formation of amyl-sulphuric acid, ('jHii-HSO^, a viscid red,

or reddish-brown product soluble in water and alcohol, which from thermochemical
considerations and the support of actual experience causes a larger percentage
of the fusel oil to acetate when brought in contact with the calcium acetate than
if the acetate and vitriol were first brought into contact and the fusel oil then adde<l.

When the amyl-sulphuric acid comes in contact with the calcium acetate, interac-

tion ensues, calcium sulphate is precipitated, and amyl and the acetic acid radical

in statu nascendi, as it were, are brought together in a condition most favorable
for union. The sulphuric acid, of course, must be largely in excess of the actual
amount required to unite with the calcium and form sulphate of lime. There must
l)e a sufficiently large excess of acid present to exert a marke<l dehydrating effect,

as in other reactions for the formation of similar esters, where the reiiCtion soon
ceases through the liberation of water, unless a poweriful dehydrating agent Ije

continually present to overcome the dilution of the reacting mixture. As is usual
in esterifications of this nature, the reaction never takes place to any degree in

quantitative proportions unless in the presence of a strong dehydrating agent,
for as soon as a certain quantity of water is hlieratetl, the latter saponifies the ester

back to the original alcohol, and a period of eouilibrium in ester formation results

in the reacting system. In order to reduce tne quantity of vitriol employed to
63° B<5. strength (86% acid), 70 lb. water is added. It is a fact that where rectified

fusel oil rather than the crude is used, reduction of the acid by the furfural and
other con.stituents is much less noticeable if not entirely absent. The problem
of sufficient dehydration is of much more importance in this process than if acetic
acid in the free state were used, instead of acetate of lime, the saponifying action
of the increased amount of water lil>erate<l woulil l)e much more evident, and espe-
cially owing to the long-continued heating at the elevated temperature. Accord-
ing to the patente<l process of Wilson (E.P. 4669, 1885) the sulphuric acid may with
advantage be replaced by hydrochloric acid, but in practice it has been found that
chlorine substitution products of a disagreeable odor result, the yield is unsatis-
factory, and the finishetl solvent prone to tuni yellow and become acid upon exp<xsurc
to light and air. The great ailvantage claimed for this process is the formation
of calcium chloride with the acetate of lime, the chloride Ixsing readily soluble in

water and a dehydrating agent.
3. Crude fu.s<'l oil is u.se<l by the majority of .\mericiui manufacturers on arroutit

of the fact that the yield (sec this) apix'ars to Ihj ^ust a.s high jus with refined oil.

Although a larger proportion of lower acetates is dissolved in the aqueous portion
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remain from 12-21 hours.* Into the still is first placed 900

lb. gniy juctato of lime.- the fusel oil-vitriol mixture run in,

usually stirred by hand,^ after which the cover to the man-

hole is luted on."* By means of a two-blade agitator*' the

contents is kept in slow motion, and heat is gradually® tum<'d on

of each fraction of the ilistillate, yet the nerccntagc increiise l>y weight of u given
amount of the lower alcohols is more timn coutitorl)uliiiicecl by their incn-ase*!

solubility. Furtherruonv the cost of refined fusel oil is ut least iiy'/f, more than the
original cnnic oil fron> which it was fractionated. A refinetl fusel oil pro<luces a
less disagreeable smelling acetate.

1. The temperature of union raises the oil-vitriol mixture to <JO-yj°, and if this

hot mass was run into a still containing acetate of lime, serious loss from volatiliza-

tion might result. It is customary, where the acetate is manufacture<l contin-
uously, to combine the oil and vitrol immediately after one charge is run into

the still, when it then has from 12-15 hours in which to cool. The mixing tank
must be tightly covered to avoid loss of lower alcohols, and especially is this true
when the crude oil is employed.

2. Although per unit content of acetic acid the brown acetate of lime is much
les.s expensive, yet the presence of tarry matters so inhibits the union of acetic

acid and amyl alcohol that at the present day it is seldom if ever u.se<l in this process.

The lowering of the yield of acetate is much greater than the saving in cost of acetic

acid. On the assumption that the acetate of lime as.says available acetic aci<l

tHiuivalent to 82% calcium acetate (the usual strength), and that the 100 gal. fu.sel

oil consisted entirely of amyl alcohol, the theoretical amount of acetic acid require*]

for union would be 474 lb., assuming a sp.gr. of O.S45 for the fu.sel oil. As 800
lb. acetate lime of 82% calcium acetate is eciuivalerit to 551 lb. ab.solute acetic

aciJ, it is evident the above charge contains about l.")')^; acetic acid in exce.ss, and
this proportion has l)een found to give the largest yields. It is impossible to cal-

culate in advance with any high degree of accuracy the proportion of fusel oil to

acetic acid, tlue to the varying nature and composition of the former. The more
lower alcohols contained in the fusel oil, the larger the quantity of acetic acid
rtH|uire«l for combination. .\ comparatively high excess of acid ha.s l)een found
neces.sary that the finished product shall be high in ester, i.e., that the mitiimiim
of fusel oil will pass through the process imchanged. Until recently the acetic

acid wa.s the most expensive ingredient entering into the process, and where the
uncombineti acetic acid is not subse<|uently recovere<l, Jicetate of lime over the

theoretical quantity must l)e exceedetl but slightly. Where this is practiced it

is impossible to produce a finished solvent which will assay acetic aci(l e(|uivalent

to 97-99% amyl acetate, unless a large proportion of lower boiling point esters be
present, to raise the apparent per cent.

3. In order to prevent caking of the precipitat(?d calcium sulphate.

4. First a luting of clay or cement is matle with water, the cover laid over this

and then screwed or bolted fast. As soon as the heat of the still drives the moisture
from the lute, it bakes to a hard and non-porous ma-is.

5. It is ati open question -as to whether a mechanical agitator is or is not desirable.

It is generally conceded that the continual agitation of the still contents aids in a
more complete union of acid and alcohol, but the pres<*nce of an agitator in the
still necessitates obtauiing the heat by means of a double jjicket. It has Ijeen

found that the largest item of expense in maintaining a still of this construction
is the wearing out of the inner steam jacket due to the galvanic action produce<l
by the heat on one side and the sulphuric acid on the other side of the copper
sheet. For this reason, heating the still contents by means of steam coils does not
cost more for maintenance, the life of the still is more than double<l, and imperfec-
tions in the lower steam jacket, which is usually ca.st-iron. do not l)ccome apparent.

6. If the agitator be starte«i l^efore the cover is affixe<l or the fusel oil-vitriol

mixture entirely run in, the sudden reaction may cause the evolution of a large

volume of fumes, and loss therefrom due to cvap«)ration. Those who have had
experience realize how important it is to gradually place the heat on the still con-
tents, as any sudden application of heat may cause an ebullition greater than the
capacity of the gooseneck to receive it, with the result of danger in blowing ofT the
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the still.* The heat of reaction is usually so great that but little

external heat is nniuired to place the contents of the still in active

ebullition, the steam pressure bein^ gradually increased as dis-

tillation proceeds, the temperature of tlie interior of the still, how-

ever, as indicated by a thermometer inserted therein from the top,

seldom rising above 115°.

When a steam jet is introduced into the still in order to distUl

the acetate with live steam, the temperature of the still contents

does not rise to such a height as where the jacketed steam is

the sole source of heat. The first portion of the distillation proc-

ess is necessarily slower than the last, due to the large bulk of

fluid in the still and the necessity of the cautious application of

heat in order that the still contents may not go over in a solid

stream by suction. As the still contents lower in volume from disr

tillate passed over, the volume of steam admitted to the jacket or

inside coil is gradually increased.

In order to obtain the maximum union of alcohol and acitl in

ester formation, it is of decided advantage that the head of the

still terminate in a Y-shaped copper pipe, both containing valve

shut-oflfs. One pipe leads to a reflux condenser in which the vapors are

condensed and run back. The object of this is to preliminarily heat

the fusel oil-acetic acid mixture to the highest point where the reflux

condenser will entirely condense the vapors, this preliminary- heating

lieing continued from one to three hours before actual distillation is

allowed to commence. Practice has shown that this preliminary aid

to esterification not only tends to increase the volume of the final

yield, but produces an amyl acetate higher in absolute ester than

where the preliminary heating under a reflux condenser is omitted.

The top of the reflux condenser terminates in a small copper

tul)c of about } in. diameter, formed by successive bushing down
of the larger pipe. This is so located as to be readily observed,

the heat on the still being kept at the maximum temperature

which will not cause liquid to run out of the reflux condenser ter-

mination. It ha.sbeen found that heating the still contents for a

too long jjeriod, especially where brown acetate of lime is usetl, or

with gray acetate if the tarry products therein are unduly high,

tiiat incipient decomposition of the sulphuric acid takes place, the

odor of sulphur dioxide is much in evidence, and the finished acetate

is apt to ^ake- on a peculiar odor due to combination with small

top of the still. After tho poculiar rumhlo cause*! hy steady ebullition has com-
menc<Ml, danger from Huddon spurt lug is u.sually pa.st.

1. It is necessary to carry at least 'JO lb. steam pressure in onlcr to distill the
contents with economical rapidity.
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amounts of sulphur. After heating the still contents in this manner
the desired length of time, the valve in the reflux condenser i>ortion

is shut off, the goose-neck valve opened, and there begins to patw

over into the receiving tank, the

First Fraction.2 This is usually arbitrarily considered as all

that portion of the distillate which can Ik? and is driven over by the

unaided heat of the steam, either in coil or jacket, and without direct

steam Ix^ing inti-oduced into the still contents; that is, all that can

be obtained by direct steam distillation. It is usual for 1 or 2 gal.

of clear acetate to pass over at the commencement of the distilla-

tion.3 The volume of the distillate will vary in direct proportion to

the steam pressure, aiul as to whether a crude or refined fusel oil was

used.* In general, 50-GO gal. of aqueous layer, and about 125 gal. of

oily layer w^ill comprise the fraction,* the former being greatly

1. There is apparently strong exjjcrimental proof to corroborate the statement
that heating with a reflux condenser increases materially the esterification of the

alcohol. Some authorities have contended that the union of alcohol and acid was
practically instantaneous and that further heating might induce reversible reactions

and regeneration of unchanged alcohol. With amyl alcohol, laboratorj- experiments
do not substantiate this assertion. Above four hours, however, it is doubtful
if additional heating with reflux condenser increases the union of alcohol and acid,

at least not enough to more than offset cost of heat and wear of still. The temper-
ature inside the still fluctuates between 96-()S° during this preliminary heating,

and seldom rises above 100°. The maximum heat is given which will not distill

the contents of the still. With an agitator, the contents of the still is kept in slow
motion continually during this period.

2. The reason for the separation of the distillate into two or more fractions

is well founded. The solubility in water of the alcohols and their corresponding

acetates increases with decreased molecular weight and boiUng point, i.e., the rnore

solul)le alcohols and acetates pass over first. The acetates have a higher boiling

point and lower solubility in water than the corresponding alcohols from which
they are derived. It will be noted from an inspection of the relative amounts
of aqueous and oily distillate in the two fractions obtained, that by means of a
separation into fractions, the more soluble acetates and unconverted alcohols pass

over with a much lower ratio of water than if the total distillate con.sistcd of but
one fraction. Therefore the yield is obvioasly increased by a separation into frac-

tions. Furthermore, the aqueous portion of the second fraction will always dis-

solve the oily layer of the first fraction. Calculated in terms of percentage, in the

first fraction there is twice as much by volume of acetate as water, and in the second

fraction ten times more water than acetate.

3. Being usually that acetate which had accumulateti in the columns and con-

denser worm of the still during the preliminary' heating.

4. That is, with a crude oil the first fraction will be considerably increased.

If an agitator be usefl, the relative amounts of water and oily portion in the first

fraction is materially changed, the agitation exposing new surfaces to distillation.

an<l preventing in a great measure occlusion of amyl acetate in the precipitated

calcium sulphate by " pocketing." This variation m the volume of fractions is

especially noticeable where refine<l fusel oil is use<l in preference to the crude.

5. Some manufacturers of amyl acetate renew perifKlically the volume of water
in the still so that it remains fairly constant during the pa.ssing of the first fraction.

The empyreumatic pnxiucts normally present in acetate of lime combinwl with the

elevate*! temperature, cau.se a nnluction of the sulphuric aci<l an<l evolution of SO,.

The ad<lition of water to the still inhibits this. Where water is addeil directly,

it is previously heate<l to boiUng, so as not to impe<le distillation bv a re<luctic»n of

still temperature. The disadvantage of adding water is that it adds water directly
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increaaed in amount with a higluT steam pressure. The watery

portion will contain 12-1')',,' free acetic acid and the oily layer 6-8%.

This fraction is kept separate from the balance of the distillate.

Second Fraction. When in the direct steam distillation the

oily layer comprises not over 10';^ of the total distillate, a jet of live

steam is turned on the still contents, and the distillate allowed to flow

into a separate tank, being continued in this manner until the

aqueous portion consists of from 98-99% of the distillate passing

over. This fraction will consist of about 75 gal. of water carrying

4-5% acetic acid, and 5-10 gal, oily layer with 1-2% acetic acid.

The passing over of this portion occupies much less time than in the

distillation of the first fraction. In general, about 12 charges per

kettle are run each week of 6 days of 24 hours each.

Bottoms.! The residue remaining in the still ^ is immediately

discharged through the tap at the bottom, as soon as distillation

has ceased. It is received in a dump cart, and discarded as being

of no further value.^

Aqueous Distillate. The watery layer of the first fraction is

kept separate from that of the second, but otherwise similarly treated.

The liquid is drawn to a tank on the floor below, wliicli is usually

earthemware or copper, where solid * sodium carbonate or other alkali *

to the process, which water has a solvent action on the acetate and also adds bulk
which must l>e subsequently treated. The selection of an acetate low in tar will

materially refluce this difficulty. Any water introduced has to be subsequently
neutralized, distille<l for solvent recovery, and finally evaporatetl to crj'stalliza-

tion to recover neutralized acetic acid present, each process intro<Juced requiring
time and power and involving loss of material.

1. Often when the lx)ttoms have cooled an oily peUicle is visible on the surface,

which is not alcohol or acetate, but is soluble in cold water and consists of sulphuric
acid. A properly conducted distillation will have eliminated entirely any dis-

cernible amyl acetate or alcohol from the still contents. Steam is usually blown
in the still while the bottoms are being discharged to clear from the sides any tar
which may have adhered. Where brown acetate of lime is used, it frequently
iKKJomes necessary to remove the adhering tar from the sides of the still with a ham-
mer and chisel. It requires but a thin layer of tar to so insulate the still as to
seriously impede distillation by a reduction of temperature. This applies also to
steam coils. The bottoms consist of sulphate of lime, sulphuric aciil, water and
tarry matter, and make excellent material for country roads. The tar acts as a
cementing material for the sulphate of lime, while the gradual leaching out of the
sulphuric acid by rain destroys vegetation and keeps the ditches free from weetls.
The material packs firmly, and such a road is usually free from dust. The most
apparent disadvantage is the retention of the fusel oil odor, which persists for a
long time.

2. There is usually present in the aqueous portion of the bottoms leas tlian 0.5%
acetic acid if the distillation Iw properly conducted.

3. Attempts to recover and use again the sulphuric acid have been unsuccessful
in the author s experience, due to the low cost of the vitriol.

4. In order to obviate the necessity of adding water, the idea being to reduce
as much as possible the volume of water re(|uire<l in the whole process. There is

more than sufficient liquid pre.sent in the distdlate to di.s.solve the so<lium carlMMiate
requirefl for complete neutralization.

5. More inexpensive neutrulizants liave from time to time been proposctl, such
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is addctl to an alkaline reaction with litmus,* being usually stirred

in by hand with ;i paddle. After allowing the solution to stand for

some hours, during which a light layer of acetate forms on the top and

is removed, the solution is run directly into the column still, Fig. 37,

similar to that used in the manufacture of ether from ethyl alcohol. The
separator C contains water kept at a temperature of 75-S0°, whereby

the water falls back into the still through the passage D and the lighter

lx>iling acetates and unchanged lighter alcohols pass over through

the bend E, being condensed in the worm F, through which cold water

circulates. The cool liquid Ls withdrawn at G.^ The distillate may
a.lv,iin.iir( <)ii>ly lie collected in several distinct portions.^ After allow-

ing the water to separate by standing, the several oily portions are

united, dehydrated l)y agitation in the cold with solid calcium chloride,

as native Franklinite (zinc carbonate), plentiful in New Jersey and other sections

of the codntrv'. Limestone has l)een sujjgested, hut is too feeble and a carl>onate

has to be used in addition. This requires as much carbonate as if no lime had IxKjn

U8*il, for the 8o<Huni carbonate first neutraHzes any calcium acetate which may
have re8ulte<l from the action of the limestone upon tne free acetic acid, precipitates

the lime as calcium carlx>nate, and afterwards neutralizes what free acetic acid

may l>e left. Quicklime has met with more favor, especially in neutralizing the
aqueoiLS portion of the first fraction. It cannot be used without first water-slaking,

on account of the intense heat developed. It has \>een found that water-slakeil

quicklime will completely neutralize the aqueous portion to a decided alkaline

reaction with azolitmin, and can l)e evaporattnl to dryness and the calcium acetate

recoveretl without difficulty. Franklin sand appears to offer the advantage that
should traces of sulphuric acid l>e mechanically carrietl over in the distillation process

no precipitation upon neutralization would ensue, on account of the ready solubility

of zinc sulphate in water as compared with the analogous calcium salt. The alkali

hydroxides are unsuitable on account of their ready saponifying action. Native
dolomite (calcium, magnesium carbonate), easily procurable in some sections, has
been proposed. Magnesite (magnesium carbonate) appears to l>e too feeble with-

out the assistance of a stronger alkali, anil sodium hydroxide has been proposed
to assist it, on account of the fact that magnesium hydroxide which would l)e forme<l

is distinctly alkaline itself. There is an advantage with an insoluble material as

limestone or <juicklime, in that any excess remains out of solution and can Iw u.s<hI

at a subsequent time, whereas with a water-soluble salt the entire amount passes

into solution and is temporarily lost.

1. Neutralization materially heats the solution, often to eO-TO", which indicates

neutralization should be gradual in order to keep the temperature down, and also

the use of tightly fitting covers to guard against loss from evaporation.

2. It is necef*sary in this distillation to keep the heat carefully regulate<l in order

to obtain the maximum of solvent mixed with the water. The total amount of

liquid is re<luce<l alxjut one-half in the still, before the gravity of the distillate indi-

cates that pure water only is Ijcing recovere<l. The cost of distilling in this manner
in practically nil where the solution is finally evaporated to dryness to recover the

alkaline acetates.

3. On account of variations in solubility, the first fractions where crude oil

is usetl consist largely of etliyl and propyl acetates and alcohols, and these are

completely soluble in not over 15 volumes of water at room temperature. The
aqueou-s portion of each distillate is retume<l to the still to l)e re-fractionate<i, and
the containotl solvents rocovereil. It often occurs in the distillation of ]i(|uids

containing a small portion of alkali, where the latter is difficultly soluble in the

former, that a thin layer of salt will form on the sides of the still and so impe<Ie

distillation as to necessitate its removal before the process can be con-

tinue<i.
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and finally purified by rectification alone' This portion is finally

atl(le<l to the rectified amyl acetate from tlu; original process, and
the combined fractions sold or used as commercial amyl acetate.^

Fig. 37.—Represents a Spirit Rectify-

ing Apparatus for the recovery of

lower alcohols and acetates from

aqueous solutions, as designed by the

Vulcan Copper Works, Cincinnati, O.

The liquid is introduced into the

still, where the vapor pa&ses through

the external tubular condenser A,

through the pipe B and into the

separator C. Water is kept at any

desired temperature in this separator,

whereby the aqueous portion of the

distillate is cooled to the liquid form,

and condensing, passes back into the

still through the pipe D, the uncon-

densed vapor of alcohol and acetate

passing through E into the final con-

denser F, where it is finally drawn

off at the divider G.

1. The separation of the calcium chloride layer is clear-cut and distinct. This
Eortion is usually not submitted to solvent recovery by distillation, it having
een found too pcxir in solvent. It has lieen suggested to use the chloride solution

for road sprinkling (H. Schrieb, Chem. Ztg., 1907, 31, S41) or for refrigeration

purpo.scs.

2. Strictly speaking, this comprises all the products obtainable from the aceta-
tion of crude or refined fusel oil, irrespective of the composition of the latter. With
refiiKHl fusel oil a.s the starting point, the yield of lower acetate by distillation of

this^ieutnilizcd a(|ueous portion is seldom over 2%, while with crude fusel oil from
4 S% may l>c considered the average amount regenemttNl. The yield of the atjueous
portion of the second fraction with crude oil as the starting point is from 1-3%,
while with refined oil the amount is too small for profitable recovery. ('on.siderable

di.screpancy in obtaining uniform and easily diiplicateil results in the commercial
pr(x*es.se.s in which amyl acetate enters is undoubt<?dly due to the varying nature
of the commercial acetate used and the inability—except in a few instances—of
obtaining commercial Jicetates of fairly constant comix>sition as regards the propor-
tion of higher and lower alcohols pontaine<l therein.



AMYL ACETATE 223

Oily Distillate. The amyl acetate layer of the first fraction

should Ihj neutralized separately. The acetate is first agitated with

dr>' sotla ash a-s long as elTervt*scence continues, and then treated with

a hot solution of soda ash with vigorous stirring, until a sample

taken out and washetl titrates not over 0.03^,^ acetic acid, phenol-

phthalein Ix'ing used as indicator.* The sc^contl oily fraction, Ix'ing

so small in comx>arison to the first, is usually allowed to accumulate

until sufficient has been obtained to make neutralization atlvisable.

The several neutral |X)rtions when united and allowed to clarify from

subsidence of water, will average 122-135 gal^

Recovery of Acetic Acid. The neutralized acetic acid from

the aqueous and oily portions, having first been distilletl to recover

dissolvetl alcohols and acetates, is allowed to cool and then transferred

by hand or pumped witliuiit <()oUng to shallow evaporating pans,

heated by means of exhaust steam and further concentrated. The

slight alkalinity due to excess of carlwnate is overcome by the cautious

addition of weak acetic acid ^ the evaporation being continued nearhy

to drjness, either with partial vacuum, or more often at normal press-

ure. When the concentration reaches a point where the salt dei)<>sits

1. It is of great importance in the preparation of lacquers for polished metallic

-urfaces, as that of hra.s.s and the bronzes, that the solvents use<l be as free from
acid aa ix>ssible. Commercial amyl acetate is never neutral. When titrate«l with
a delicate in«licator the amount of free acid will usually fall l)etween the limits

0.01 -0Xr2o%. It has l)een found that thd addition of 0.01% acetic acid in a lacquer
tonnula intendeti for application to a copjxfr-containing alloy, has no vi.sible effect

on the metal. I^acquers intentletl for this purpose seldom contain to exceed 5(¥^i amyl
acetate, therefore on this l>asis there is an allowance of 0.02% acetic acid in the free

:-tate, which if present, cannot be recognizetl by an alteretl appearance of the metal.
There is always a peculiar tlark-colored layer at the line of demarcation l)etween

aqueous and oily portion, composed principally of acetate, but containing in addi-
tion soli<l matter in suspension, and which is removable with difficulty by filtration.

This layer is siphonetl o<T antl treated separately. It is either allowed to settle

for a niunljer of days, and the supernatant layer skimmed off, centrifugetl through
.'u'avy piano felt, or returned to a receiver containing unneutralizetl acetate.

I he increase in yield of amyl acetate cannot \ic attributetl to the success of one
definite process, but rather upon careful and constant attention to minor details

as regards losses by evaporation and the recovery of solvents from aqueous solution,

a< well as the excess of acetic acid required to produce an acetate high in amyl ester.

2. The amount of free acetic acid in suspension will cause this to swell to 130-
l;>7 ual. l)efore neutralization.

;{. If an excess of s<xla a.sh l)e used, the solubility of this salt as compared with
idium acetate is so much less, that the carlxinate will n^ach a point of saturation
ill precipitate on the steam pipes long Ijefore the acetate reaches a concentration

1 vvfiich it will solidify on cooling. The deposition of the carl)onate insulates the
eating surface and impedes evaporation. It is therefore neces.sary to free the soIut

iion from carbonate, which is done with acetic acid, usually an unneutralixetl

aqueous di.stillate. The product finally obtained is sodium acetate with 3 mole-
cules of water of crystallization, ting»»<l green from copper di.s.solved from the still,

and containing in addition 2.V.5(y/J moisture. It may !« u.se<l for amyl acetate

prtxluction either by itself or mixe<l with acetate of lime. It is a jx-culiar fact,

but a clmrge of sodium acetate obtained in this manner will efTectually remove the

tar from the interior of an acetate still.



224 NITROCELLULOSE INDUSTRY

on the sides of the evaporators and steam pipes and impedes further

concentration, the liquor is withdrawn and left to solidify on cooling.^

Redistilling the Amyl Acetate. The crude but neutral acetate

must be rectified in a different still from that used in its formation,^

being distilled alone without addition of any chemical. Approx-

imately the first distills over of a milky color from which water sep-

arates on standing. This portion is dehydrated with calcium chloride,

the solvent in solution recovered by distillation, similarly to the orig-

inal acetate. The second portion consists of acetate which comes

over clear but which reacts turbid with a small amount of benzine,

thus indicating excess of water, while that portion comprising the

third fraction is the commercially acceptable solvent. The amount

left in the still is very small and is never given special treatment, being

usually redistilled with another fraction. These bottoms seldom

exceed 2% of the original crude acetate.^ That portion which remains

clear when twice its volume of benzine is added is usually considered

as acceptable to the trade.'*

Yields. The yield of amyl acetate depends primarily upon

strict attention to comparatively unimportant details, and to the

ability of the sup(!rintendent to modify the process to accord with

the composition of the fusel oil at his disposol. I'pon theoretical

considerations, 100 parts by weight of methyl, ethyl, propyl, butyl

and amyl alcohols when converted into their corresponding acetates,

give a yield of 2.31, 191.3, 170, 1.5.3.8, and 147.7' ,' by weight respect-

ively, i.e., with increasing molecular weight of the alcohol the incre-

ment of increase in passing into acetate diminishes. Where the alcohol

to be converted is refined fusel oil, and this may be assumed to mean

1. It is evaporated to a density of 22° B€.
2. On account of tlie acidity and presence of tar l)oth in the .still, in the con-

densers, and throughout the apparatus.
3. The trade has })een educatetl ])y certain manufacturers who liappen to

produce an amyl acetate which will remain clear when mixed with an indefinite

amount of Ixjuzine, to regard the moisture indicated l)y the aildition of one or more
volumes of l>enzinc as a criterion of the purity and strength of the solvent, an<l as
of puriunount importance in judging of (luality. As a matter of fact, the difference

iH'twt^en an acetate which recjuires one, and another which requires, say, three
volumes benzine to induce opalescence, is at most a matter of hut a few hundre<lths
per cent of water—an entirely negligible quantity. The pyroxylin which may Iw
us<>d with this solvent may vary within ',\% of contained water, without apparently
exciting interest.

4. They may l)e dispose<l of in various ways, the most satisfactoir being, perhaps,
to allow them to remain in the still and be fractionateil with the next portion.
Or they may Iw distilled with live steam (l>lown over) which will pnxluce a light-

c«ilore<f acetate, suitable for pyroxylin-resin lactjuers. It has l)een advocate«l, wlien^
large (juantities of amyl acetate are iM'ing producinl, to accumulate these high-
boiling pnKlucts, nnd periodically distill them, with a free flame. The first or " milky

"

fnicti(Hi is allowed to settle, until the acetate layer Ixscomes clear, when the acetate
is dehydmte<l. and distilleil again in the usual manner.
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amyl alcohol, the yioltl by weight is loss than if mixed alcohols be uHeti,

Hiid the appan'iit (locri'a.s<» in yield reported by manufacturers u«ing
(III. If oil must be accounted for either by an abnormal amount of

water in the crude oil or incomplete methods of recoverj- of dissolved

solvent in the several a(|ueous portions incident to the final purifica-

tion. The only point of advantage in using refined fusel oil is the
decr(-as<Ml solubility of the same and the acetate in water.* The lower
acetates o\cee<l in Hpce<l as pyroxylin solvents, although their more

CVAPORATC

•OWIION SqplUM ACETATE ,^owER aCCOHOLS, ACETATES

DEHYDRATE

ftOOlUM AlCTATE

AQU^OwS
I CtEAfj BY BENZINI

AMYL Acetate

\ WATER LOWER ALCOHOLS ETC.

Fig. 44.—-The Commercial Manufacture of Amyl Acetate.

rapid evaporation precludes their use alone. This point is of con-

siderable moment in the coating of real leather (which see), where

a slow and uniformly evaporating .solvent is a prerequisite to the

proper application of the pyroxylin. If the author's personal exper-

i( IK (• is a trustworthy criterion, the German and Russian crude fusel

oil as it arrives in the United States is capable of producing a larger

yield of combined acetate than if the water and lower alcohols be

removed and refined fusel oil be used instead. The use of crude

1. The odor, of course, is less disagreeable. Amyl acetate ia also known as
" pear drops " and '" banana o«l."
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or refined oil is partly governed by the market price of the crude

oil. Several years ago, when fusel oil and. wood alcohol both com-

manded about the same price, it was of advantage to first make a

preliminary distillation of the crude oil and sell the lighter fractions

as shellac and other resin solvents. " Lightno," " LX9," and
" Berry's Best " are trade names applied to these lighter alcohols.

The first fraction at that time brought a higher price than the crude

oil, on account of it being more nearly dehydrated, transparent, of

less disagreeable odor and an excellent solvent. The advantage

over wood alcohol came from a lower volatility and absence of absorp-

tion of moisture from the air during drying. The economic condi-

tions have now changed to such an extent that the first fraction must

be utilized in amj'l acetate production, and the complaint of some

branches which employ amyl acetate, that the quality has been grad-

ually diminishing, appears to be founded on fact in those instances

where a high boiling ester is required. The production of amyl acetate

from crude fusel oil was made cumpulsory by the continual rise in the

cost of the latter. By general consent, any product obtained from the

acetation of crude oil fusel, may with propriety be considered as

commercial amyl acetate. The boiling point and proportion of

various esters may therefore vary within wide limits. With a crude

fusel oil of a composition similar to that given on page 129, a yield

of 92% of the theoretical by weight ought to be attained continuously,

where the various refinements previously outlined are taken into

consideration. With crude fusel oil f.o.b. the factory costing 100,

leakage, deterioration of plant, general factorj' expense and super-

intendence and cost of production all taken into consideration, it

is the author's judgment that an equal weight of commercial refined

amyl acetate should cost not to exceed 108. A yield of 92^^^ of the

theoretical by weight calculates to 131.3% by volume. Consider-

able confusion apparently exists as to the terms volume and weight

as applied to these alcohols and acetates. This ensues from the fact

that the density of the alcohol and corresponding acetate is not the

same, so that in stating the increase in yield with, say, amyl alcohol

going into the acetate there is a greater increase in per cent by weight

than by volume. This is much more evident in the transforma-

tion of ethyl alcohol into ethyl acetate, for ethyl alcohol is lighter than

amyl alcohol, and ethyl acetate heavier than amyl actetate.*

1 . For instance, the specific gravity of 9.')% ethyl alcohol at 15.5** is 0.7900.
ethyl acetate 0.f)2, amyl alcohol 0.845, and amyl acetate 0.879, or a Hi?, gallon of
each weighs 6.32, 7:M\, 0.76, and 7.23 av. \h. respectively.

The amount of acetic acitl in commercial amyl acetate calculates to 88-98%
amyl acetate, and the wide variation is due to the amounts of lower alcohols present
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Properties and I'ses. Purified ftmyl acetate is a colorless,

limpid, rather agreeahle-smellinj: licpiid of neutral rt»action, of Hp.gr.

().SS;i7 at 0°, and O.STO'i at 150/40° » boils at 13.S.r>-13<r,2 and i.s

iifficultly soluble in water.'' It dissolves in all proportions in alcohol,

ether, chloroform and amyl alcohol, anil is undoubtedly the most

important and widely useil of the cellulose nitrate solvents. The
modem pyroxylin-lacquer industrj', with its many ramifications, rests

primarily upon the diversity of u.ses to which this solvent may Ik*

applied. It will dissolve cellulose nitrates of a greater range of nitra-

tion than any other knoA\Ti .simple liquid. As a solvent of waxes,

H'sins, balsams and the fixed and volatile oils, it is rather inferior

to amyl alcohol. In the preparation of imitation fruit flavors it has

an extensive field, the essence of Jargonelle pear being a 10'/,' solu-

ion in purified ethyl alcohol. Combination with ethyl butyrate

I orms. commercial banana essence. In the artificial flavors of rasp-

l)ern.', strawl)erry, gooselwrrj', melon, prune, etc., amyl acetate enters

as an essential constituent.* Bergamot pear essence is 30 parts

in the fusel oil used, and to the excess of acetic acid used in the converting process.
Where considerable amounts of lower acetates are present, it is quite possible to
obtain an amount of acetic acid in saponifying the ester, to calculate over 1(K)%
amyl acetate—an impossibility. In acetic acid content, ethyl acetate is equivalent
to 123% amyl acetate. It is a peculiar fact and worthy of note that amyl acetate
wf 90% strength is apparently the equal in solvent power of a similar solvent assay-
ing 9H-99% amyl acetate. It appears that insolubility as judged on a commercial
scale, the intro<Juction of the maximum quantity of the usual pyroxylin non-
solvent (l)enzine) and in speed of solution so far as can be ascertained in the
manufacture of large quantities of working formulas, no preference base<l upon
DJvent value is noticeable.

L. Paget has sought (E.P. 7784, 1893) to increase the yield by the addition
"f methyl alcohol and benzine or benzene to the crude fusel oil before acetation.
There has been considerable experimentation along this line of mixed ester and ether
formation, but as yet with no satisfactory results. (See E. Todd.) A mixed ester
formetl by this chemist (E.P. 7277, 1893) with amyl alcohol, sulphuric, acetic

and salicylic acids, produced a mixed amyl acetate and salicylate—an excellent
solvent combination—but entirely too costly for commercial use, and therefore
practically valueless.

1. .Mendeleeff, Jahrsb., 1860, 7.

2. R.SchifT, Ann., 1883, 220, 110; 1884, 223, 77; 1886, 234, 344.
3. .According to Bancroft (Phys. Rev., 1895-1896^ 3, 131, 196, 205,) and Traube

(Ber., 1884, 17, 2304) the amyl esters are soluble m water and alcohol at 20° aa
follow.s: Amyl acetate in water, 0.2%, isoamyl acetate 0.2%, amyl butyrate
"<)6%, amyl propionate 0.1%, i/wamyl formate 0.3% (the latter at 22°). The
•iubility of ijwamyl acetate in aqueous ethyl alcohol mixtures is as follows: When

' cc. ethyl alcohol in each in.stance was mixed with the cc. water state<l, the cc.

oamyl acetate dissolved is given, 7 cc. water, 0.41 cc. isoamyl acetate dis.s«lved.

(.0.7; 5-1.31; 3.61-3.0; 3.01-4.0, and 2.60 cc. water, 5.0 cc. woamyl acetate dissolved.
/.Hoamyl acetate dissolves in all proportion.s in ether, ethyl alcohol and amyl alcohol,

and is an excellent solvent for camphor, alkaloids, tantun and resins.

4. These odoriferous liquids are erroneously termed ethers, when in reality

t hey are not ethers, but esters. The former designates the combination of an organic
nulical united with oxygen, or water in which the two replaceable hydrogen atoms
have lieen substituted by organic ratlicals, whereas an ester is the combination
of the same radical with an organic acid in which the replaceable hydrogen has been
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amyl acetate, 1 part ethyl acetate and KM) parts ethyl alcohol. In

order to increa.se the delicacy of aroma, the fusel oil used in the prep-

aration of the acetate intendtul for flavors is several times distilled,

and sodium acetate employed for the source of acetic acid.*

Whitely Williams proposed ^ and Hefner perfected ^ a standard

photometric lamp designed to burn amyl acetate, claiming it as a

standard illumirumt and superior to candles, and also less expensive.

Hefner's lamp is fitted with a solid wick completely filling a round

nickel wick tube 8 mm. internal diameter and standing out free 25

mm. when the wick is saturated with amyl acetate. The wick has a

known capillarity from which the velocity of consumption of acetate

can be (calculated in advance, and after 10 minutes' burning it is claimed

a perfectly steady flame 49 mm. high above the upper edge of the

wick tube, and burning in pure air, gives an illumination equivalent

to one standard candle. This lamp has been wid(>ly u.sed.* By
U. S. Customs Decision June 16, 1894, purified amyl acetate, imported,

was made dutiable at $2 a pound as a " fruit ether under paragraph

21 of the Tariff Act."

The variability in composition of commercial nmyl arctate appears

to increase with the scarcity and increased cost of fuse 1 oil.''

Methyl Acetate occurs in crude wood vinegar,'' and may be

prepared by distilling 2 parts wood spirits and 1 part each concen-

trated acetic and sulphuric acids, removing excess of wood spirit

by means of calcium chloride and rectifying over sodium carbonate.^

The difficulty in preparing methyl acetate on a manufacturing scale

suljstituted. The ethers may he considered as organic oxides, and esters organic
salts. For method of cleaning brushes with amyl acetate, see Alkohol, 1899, 9, 290.

1. It has been used in the manufacture of a restricted class of smokeless powders,
the Wett«ren, for example.

2. J.S.C.I., 1885, 4, 262.
3. Jour. f. Gasbel, 1887, 30, 489; 1891, 34, 265. For development of amyl

acetate in photometric work see Kruss, Central Z., 1888, 9, 31; Leifjonthal, Jour. f.

(Jasbcl, 1887, 30, 814; Elektrot. Z., 1887. 8, 501; Drehschnudt, Chem. Z.. 1891. 15.

313; Eder, Phot. Corr.. 1902, 39, 386; English, Phot. Mitth.. 1901, :», 157; J. of

Phot. Suppl., 1901, 48, 43; Phot. C. Bl., 1901, 7, 268; Bunti, Jour. f. Gasbel, 29,

1022. For Stine amyl acetate lamp see Elec. World, 1899, 34, 778. Sec also

Onimus, C. R., 1898, 127, 663.
4. A. J. Tempers (E.P. 10772, 1894) claims to be able to deprive petroleum

hydrocarbons of their disagreeable odor by mixing a small amount (5-10%) of

amyl acetate with the hydrocarlwin, and Church has endeavoretl to increa.se the

illuminating power of kerosene by the same methotl. See Reimann's Z., 1898, 29,

425.

5. Judging from the author's examinations of crude imported fusel oil, and
representing several hundred thousand gallons, at least 25% acetates, other than
amyl, would Ik; a fairly close approximation of the average amount of lower esters

in commercial amyl acetate as offered for sale in the United States at the present
time.

6. Weidmann and Schweizer, Pogg. .\nn., 1838. 43, 593.
7. Dumas and Peligot, Ann. Chim. Phys. (2), .VS, 46.



AMYL AC'ETATK 229

is the expense of removing sufficient water to admit of its profitable

use as a pyroxylin solvent, and in preventing loss from evaporation

due to the low boiling-point. In mixed formulas where the max-
imum of Ijenzine has been added, methyl acetate is excellent to restore

clearness and fluidity to a solution on the verge of precipitation.

It is prone to become acid on standing, and like ethyl acetate can never

be used alone. ItJs verj' hygroscopic, more so than acetone.

Methyl acetate is a fragrant, colorless liquid, which boils at 57.5° *

has a sp.gr. of 0.9577 at 0°/4°,2 ami 0..SS255 at 55°/4°.3 It is soluble

in 3 parts of water at 22*^"* and miscible with alcohol, ether, chloro-

form, amyl alcohol and fecetatc and acetone in all proportions. Both

methyl and ethyl acetates absorb chlorine in the cold, forming sub-

stitution products which dissolve pyroxylin with avidity. The copals,

dammar, sandarac, elemi and shellac are soluble, the latter with dif-

ficulty. The chloro- and bromo-mcthyl acetates have never been used

commercially a.s .solvents.^

Ethyl Acetate. The admission of ethyl alcohol suitably dena-

tured duty free, has again revived the possibility of the extensive

use of this liquid as a pyroxylin solvent. In speed of action this

fluid is th(^ superior of amyl acetate, but is decidedly hygroscopic,

resembling wood alcohol in this respect. It is proposed to use pref-

erably crude fusel oil as the denaturant, the addition of 5-10' c effect-

ively destroying its potability, and in addition furnishing the readily

detected and obnoxious odor, thus safeguarding against its accidental

use for internal purposes. The adilition of the fusel oil, resulting

in the production of small amounts of higher acetates along with ethyl

acetate, would tend to improve the latter for all purposes where its

solvent action was required, anil would also tend to produce a com-

pound in which the ethyl acetate could be removed only with dif-

ficulty—a valuable- property.

The commercial manufacture of this ester is along the same lines

as that of amyl acetate, variations being made for the increased solu-

bility of the ethyl as compared with the corresponding amyl derivatives.

The lower Iwiling point and greater volatility retjuirc greater refine-

ments in neutralization, wa.shing and rectification. Ethyl acetate

is appreciably soluble in aqueous calcium chloride and magnesium

chloride, therefore it is advisable in the process of dehydration to also

1. Schumann, Pogg. Ann., 1883, (2), 12, 4.

2. Elsasser, A., 1835, 218. 312.

3. R. Schiff, .\nn., 1883, 220, 107; 1884, 228, 76.

4. J. Traulie, Ber.. 18H4, 17, 2304.

.5. Pure methyl acetate may l»e forme<l bv decomposing carefully crj'stallired

methyl oxalate with glacial acetic acid, and fractionating under retluced pressure

(Dittmar, J.C.S., 1869, 21, 480).
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recover dissolved acetates by a distillation of the calcium chloride

liquor used to dehydrate the acetate, a process not found necessary

in the manufacture of amyl acetate. Column stills similar to those

described are used. The oil of vitriol must be incorporated with the

alcohol is small portions, the heat generated in the formation of ethyl

sulphuric acid being much greater than that given off in the formation

of amyl sulphuric acid. Where acetate of lime is used, preliminar}-

digestion with reflux condenser is usually unnecessary, the other steps

in the process being conducted the same as in the manufacture of the

amyl derivative. The main difficulty in the production of a sufficiently

anhydrous solvent is in the separation of the water without seriously

decreasing the yield. Whereas, theoretically, 88 parts amyl alcohol

is transformed into 136 parts by weight of amyl acetate, a net gain

of 148%, 46 parts of ethyl alcohol passes to 88 parts ethyl acetate,

a net gain by weight of VJl%. In practice, however, about 20^t

l)y weight is the usual increase in yield of ethyl over amyl acetates,

substantially the same processes being used in each instance, with

only those modifications indicated by the increased solubility of the

ethyl acetate in water being added.

In the pure state (where sodium acetate and pure ethyl alcohol

are used) this liquid finds extensive use in the artificial fruit-essence

industries, where under the name of acetic ether it is used as an

ingredient in a number of synthetic fruit flavors. The bouquet devel-

oped in cider vinegar and in tincture of ferric chloride (chloride of iron)

is due in a large measure to the formation of ethyl acetate' -

Ethyl acetate is a colorless, fragrant-smelling liquiti, soluble in

17 parts water at 17.5°, while 28 parts of the acetate dissolve 1 part

of water.3 It boils at 77° ^ and has a sp.gr. of 0.9239 at 0°/4° « and

0.83 at 75.5°/4°.^ It is freely miscible with alcohol, acetone, ether

and amyl acetate. Absolute ethyl acetate is said to remain neutral

indefinitely, but rapidly acquire an acid reaction when a small amount
of water is present.^ For this reason it is of no value alone as a pyroxylin

1. Ethyl acetate was discoveretl by Lauraguais, who published in 1759 a methotl
of preparation consisting in heating strong acetic acitl from verdigris with alcohol.

2. According to Frankland and Duppa, the l>est laboratory method of prt>pani-

tion consists in gra<luall}r adding 90 gm. sulphuric acid to 3.6 k. alcohol 959r. »•>•'

after the formed sulphovinic acid has stood for 12 hours, the mass is gently poure<l
on 6 k. powdenxl sotlium acetate in a copper still. After the reaction has partially

subsided heat is applied, and a distillate of about 6 k. anhydrous ethyl acetate
eventually obtained.

3. Naccari and Pagliani, Jahrsb., 1882, 04.

4. Linneman, Ann., 1871, ItU), 208.

5. R. Schiff, Ann., 1883, 22(), 107.

6. Elsasser, .\nn., 188;j, 218, 3Ui.
7. The tendency id develop free acid increases from amyl acetate to methyl

acetate.
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solvent. A mixture of 70% ethyl and 30'^^ amyl acetates, or 7o' i

ethyl acetate and 25% amyl alcohol produces a solvent mixture which
has a wide and satisfactor>' range of uses. The higher Iwiling amyl
compounds decrease the hygroscopicity, inhibit the volatility, anil

prevent in a great measure the tlevelopment of an acitl reaction on
standing. Acetone oil (heavj') 20, ethyl acetate 45, benzine Q2?

35 parts, furnishes an inexpensive but efficient solvent combination.

In the utilization of ethyl acetate for solvent purjKjses, a higher l)oil-

ing point solvent or non-solvent must always accompany it, if lx«t

rt^ults are to be attained. The alcohols and acetates of methyl,

ethyl, propyl, butyl and amyl, are all colorless, neutral, character-

istic smelling fluids, readily burning with a flame which is colorless

with the lower memlwrs and increases in luminosity with increase

of carbon atoms. Lalxjratory experiments appear to intlicate that

a large fieUl for the use of ethyl acetate as a solvent lies in the replace-

ment of the ether in the usual collodion formulas with ethyl alcohol,

when it becomes valuable for the production of photographic and

continuous films and as a medium for the topical application of

therapeutic agents.

Propyl and Butyl Acetates are comparatively of but minor

importance, and are never used in their isolated state as cellulose

nitrate solvents. Greatest interest attaches itself to the isoacetates,

on account of their normal occurrence in commercial amyl acetate,

/.sopropyl acetate is an ethereal-smelling, colorless fluid of sp.gr.

0.9166 at 0°,i and boils at 90-93°.2 /iobutyl acetate resembles the

twamyl ester, boiling at 116.3,3 sp.gr. 0.8921 at 0^/4°* It may
Ihj formed from isobutyl iodide and silver acetate or by distilling

potassium isobutyl sulphate with potassium acetate, both being

general methods for the formation of these esters. In their solvent

action of the cellulose nitrates and resins, they closely resemble mix-

tures of ethyl and amyl acetates. Methyl and ethyl propionates*

1. Pribram, J. Handl. Monats., 1881, 2, 686.
2. Friedel, Aim., 1862, 124, 327.
3. At 760 mm., Schumann, Pogg. Ann., 1846, (2), 12, 41.

4. Ebasser, Ann., 1872, 161, 325. 0.7589 at 112.7''/4° according to R. Schiff

(Ann., 1883, 820, 109).

5. The possible competition of propionic with acetic esters is not entirely vis-

ionary. \. Duboso (Rev. g^n.chim., 1909, 12, 273) has descrilnj*! EfTront's recently

introduced process for the industrial production of propionic acid and ammonia
by the action of amidase upon the diamino acids in distillery residues. The proc-

ess is of prospective technical and economic importance since the raw material,

a hitherto wasted product of the alcohol industry, is available in inexhaustible
amount; the reaction, being enzymatic, requires no expensive and complicate*!

plant nor dangerous manipulation, the by-pro«iuct ammonia is in limitless (leman<l.

and the acid itself can l)e oi)taine<l of suitable concentration for use in most industries

without consumption of fuel. .\midaMe occurs in all yeast^^, in various liacteria

and molds and in garden soil: in the usual function of yeast it is inactive and only
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and butyrates; propyl propionate and butyl formate or acetate,

if procurable at prices which would enable satisfactory competition

with amyl acetate, would undoubtedly prove valuable solvents for

pyroxylin, vegetable oils and resins.

Amyl Formate. The uoamyl ester is a pleasant-smelling ethereal

li(iuid, less soluble in water than the corresponding acetat'?, sp.gr.,

0.894 at 0V4°,' and boils at 123.5-124.0°.2 According to Traube^

it is soluble in 325 parts of water at 22° /soaniyl formate has been

repeatedly advocated as a solvent for the cellulose nitrates, and if

it could be produced at a cost which would enable it to favorably

compete with the acetate, it would undoubtedly be used in immense

quantities. It appears to possess all the desirable qualities of the acetate

added to which is a decreased solubility in water and a lower Iwiling-

point and hence more rapid evaporation. The patented process of

A. Behal '* for the manufacture of this solvent has never been placed

on a manufacturing basis, /soamyl formate differs from the acetate

in being an excellent solvent for a large number of resins, among

which are copal and shellac, neither of which are freely soluble in

reacts under what may be regardetl as pathologic conditions. The charge of

yeast (5-10% of the vinasse to be treated) is prepared by alkalifying, aerating

and agghitinating with aluminum salts and letting stand 3 days. The vina-sses

emerging from the still at about 45° are alkalified, mixed with 2 k. of prepaml
yeast per hectoliter, and allowed to stand 3 days at 45°, when the diammo acids

are broken up. During the first 2 days an active fermentation occurs without

pnMluction of ammonia; then the vinasse settles, and the ammoniacal change

rapidly augments. Nitrates and phosphates aid the fermentation, but hinder

the production of ammonia. Antiseptics such as xylene and thymol are beneficial

by hindering the reproduction of cells. Aluminum salts assist by permitting

agglutination of the ferments, which determines a change of function of the cells.

The action of the yeast is in a sense self-consuming, for in addition to lil)erating all

the nitrogen of the amino acids as ammonia a considerable proportion of the nitrogen

of the yeast is thus accounted for. The ammonia is recovered by distillation,

or more cheaply by washing out with air and absorbing in sulphuric acid. The
remaining fatty acid is salted out with calcium chloride, ammonium sulphat«,

or by filtration through sea salt. .\ concentration of 75% may he obtainetl by the

la.st method. By fractionally distilling this product an octahydrate containing

3()%) propionic acid comes over at about 9{).5°, followed by the anhydrous acid

at 141°. By salting out 75% acid with calcium chloriile a 9.>-U7% acid may !«

obtained. As regartls the efficiency of the Effront proces.s it pro«luces at the Ne.sle

distillery (1) from the molasses vina.sse resulting from the production of 100 I.

alcohol, 35 k. ammonium sulphate and 35 k. of fatty acid; (2) from beet root

vinasse representing 100 1. alcohol. 16 k. ammonium sulphate and 12-14 k. of fatty

acid. The diamino nitrogen is totally converted into ammonia without formation

of amines or compound ammonias.
1. Schumann, Pogg. Ann., (2), 12. 4. As far back as 1865 (F.P. 68595) Lorin

patented a metho«l of obtaining formic acid from amyl formate.
2. R. Schiff, Ann., 1883, 220, UH>.

3. Ber., 1884, 17, 2304. 0.3 gm. isoamyl formate dissolves in 100 cc. wat^r at

22". For solubilitv of mixtures of amvl acetate and amyl formate in aqueous
alcohol, see Bancroft. Phys. Rev., 18<)5-i8<»6, 3. 131, 196. 205.

4. E.P. Iil57, 1899. Small quantities may lie prepannl in the lalwratory by
hpiiting together calcium formate and amyl alcohol in the presence of sulphuric
acid, or by heating together glycerol, oxalic acid and amyl alcohol.
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amyl acetate. In the process of P. Krais * for finishing textiles the

goods are passed between finely engraved rollers, then coated with a
solution of nitrocellulose in amyl fomiate, the latter Ix'ing evaj>orated

to fix the finish, without forming an opaque, tlisagreeable skin or

unpleasant odor.

Examination of Commercial Amyl Acetate. The following

tests usually conipri*Je a sufficiently complete analysis of the com-

mercial ester to determine its industrial value.

Afoisture. Place 10 cc. acetate in a 50 cc. graduated cylinder.

Carefully pour in benzine in small quantities at a time, shaking after

eaeh addition, until a permanent opalescence results. If the total

liqui<l in the cylinder exceeds 20 cc. the acetate is sufficiently free

from water for all technical uses.

Cdor. Should be colorless and not tinged with yellow.

Odor. Should not smell of sulphur dioxide.

AcidUij. 50 cc. acetate is shaken with 150 cc. neutral distilled

water in a 250 cc. glass-stoppered separator}- funnel, and after the two

layers have separated, an aliquot portion of the lower or aqueous

layer withdrawn and titrated with tenth-normal alkali, azolitmin

or ph' nolphtlialein being used as indicator. If 25 cc. be withdrawn

for titration, each cc. X/10 alkali used is equivalent to 0.024' ,' acetic

acid by volume. If the acetate is intcniled for use in a lacquer,

5 gra. pyroxj'lin is dissolved in 100 cc. acetate and the solution run

out on a brass boat as explained under testing of lacquers. A
resplendent film resulting and without affecting the bra.ss is proof

positive of suitabiUty of acetate for lacquers, waterproofing com-

positions or plastics.

Lower Acetates. 200 cc. (or other convenient quantity) is slowly

fractionated in a 3-bulb Ladenburg distilling flask, the distillation

requiring at least an hour's time. Not less than 75Vc should distill

at a temix>rature of 125° or above.

Determination of Acetates. 5 gm. is dissolved in 20 cc. neutral

ethyl alcohol, an exci'ss of standard alcoholic jK)tash solution added,

and the whole transferretl to a pressure saponification flask and placed

in water heated to 80-90** for 30 minutes, with occasional rotation

'J the contents in the fla.sk. The flask is then taken out of the hot

water, cooled to room temperature, then opened, a drop of phenolph-

thalein addetl, which should immediately assume a pink color, and

the contents of the flask washed into a graduate with neutral alcohol,

and made up to 100 cc; 20 cc. is withdrawn with a pipette, placed

1. E.P. 18742, 1904; UJS.P. 834913, 1906; abst. Ji5.C.I.. 1905, 24, 887; 1909,

28, 653; Text. Rec, 1907, 52, 100, Text. u. Farb. Z., 1906, 4. 165.
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in a small Erienmeyr flask, and titrated with standard acid to neutral-

ity, the difference between the amount of alkali originally used, and

that neutralized by the standard acid being the alkali combining

with the acetic acid. Each gni. potassium hydroxide so used represents

1.071 gm. acetic acid, equivalent to 2.32 gm. amyl acetate. To
tletermine the relative amount of lower and higher esters in the acetate,

160 cc. may be slowly distilled into three fractions of 50 cc. each,

the first and last fractions being analyzed for acetic acid as above,

both being calculated into amyl acetate. The higher the result in

the first fraction as compared with the last, the larger amount of lower

acetates present.

«'



CHAPTER VTI

NATURAL, ARTIFICIAL, AND SYNTHETIC CWMPHOR. CAMPHOR
SUBSTITUTES

Just as amyl acetate is the most important and widely used of

the li(iui<l xtKcuts of the cellulose nitrates, so also is camphor the most

valuable of the solid or latent solvents. And as the rise and expansion

of the artificial leather, lacquer and other industries dependent ui>on

fluid pyroxylin dates back to the discovery of the value of amyl

acetate, so the solid or pyroxylin plastic arts receive<l their first

permanent stimulus from the discovery- of the latent solvent action

of camphor. It is interesting to note that the entire range of industrial

applications of the various cellulose nitrates have not been tleveloped

from advances made in manufacture of the cellulose nitrates primarily,

but mainly due to the discovery and utilization of suitable solvents.

Camphor ^ is the dextrorotatory modification of the saturated

ketone CgHieCO, obtained from the camphor laurel, from the wood

of which it is extracted by steam distillation followed by sublimation.^

1. Camphor is a generic name applied to certain oxygenated bodies found in

many essential oils. These "camphoroids," with but few exceptions (e.g., the

paraffin of rose oil), form the so-calletl stearoptcns of volatile oils. They are

volatile, crystallizable soUds, practically insoluble in water or aqueous alkalis.

While possessing similar physical properties, these camphoroids are of somewhat
varietl chemical composition. Some nave the constitution of alcohols (bomeoi),

others that of phenolic ethers (apiol, the camphoroid of parsley oil), while others

as common camphor, are ketones. It appears tlesirable to restrict the use of

the word "camphor" to laurel camphor and its immediate analogues of ketonie

construction. Nearly ail essential oils containing camphoroids have been noted
as solvents of the cellulose nitrates, and conversely, the faculty with which these

oils flissolve pyroxylin is in direct proportion to the amount of camphoroids which
they contain.

2. According to G. Drobegg (J5.C.I., 1907, 26, 381), the principal methods
of purification applied in practice are:

Hcifublimotion. In Europe this is done principally in glass retorts, yielding

a round, concave cake weighing 6-H lb., having an opening in the center. In

.\merica the camphor is sublimed from flat iron pans with iron covers, yielding

plates of about 18 in. square, and 1 in. thick, weighing from 8-10 lb.

Condensation. Camphor vapors are led into large stone or metal chambers,
where they are cooled and condensed to a microcrystalline powder, which is

aftenft-ards pressed (hydrauUcally) into cubes or plates.

Crystallization. Tiie crude material is tli.ssolved in lioiling benzene or pctn»leum
ether, allowed to settle, fiJteretl, and, after crystallization, dried in centrifugal

machines.
Crude camphor appears in commerce as a coarse wet powder of a grayish-white

235
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When purified/ camphor is white, translucent, and crystalline, soluble

at room temperature in about 700 parts of water, dissolves at lo°

in 0.7 part absolute ethyl alcohol, and is readily soluble in methj-l

alcohol, acetone, chloroform, amyl acetate, benzene and benzine. It

melts at 17')° and boils at 201°, and in closed vessels sublimes un-

changed. It is inflammable, burning with a smoky, luminous flame,

but its presence decreases the inflammability of the cellulose nitrates.

Camphor may be reatlily powtlered by trituration with an equal weight

of sugar, or better with one-half its volume of alcohol, ether, chloroform

or glycerol. Its sp.gr. varies from 0.985-O.99S, depending upon the

force and completeness w^ith which the camphor oil has been pressed

out 2 of the crude product and the speed of distillation and subhmation.

color. Chinese camphor is packed in round wooden pots of about 150 lb. net
content; Japanese in lead-lined wooden boxes containing about 130 lb. net.

The rare kinds of camphor—bonieol, Chinese camphor, Sumatra camphor

—

do not come in consideration from the point of view of the refiner.

The principal impurities in crude camphor are water, camphor oil, iron, sand,
wood, etc. The camphor oil is separatee! from the crystalline product in Japan,
and in the past has been of little value. At present it is mucn higher in price,

owing to its valuable ingredients. Light oil of camphor has a sp.gr. of O.SUo to

0.920; b. pt., 17()-1S0°, antl contains pinene, camphene, dipentcnc, phellandrene,

etc. Heavy oil of camphor, having a sp.gr. of 0.960-0.970 and b. pt. 240-300°,
contains sesciuiterpene, safrol, eugenol, cineone, fenchone, terpinone, etc. Besides
these compounds, l)oth of the oils contain a large amount of camphor in solution,

which years ago was a profitable comrnercial raw material after being frozen out.

To the refiner the two most objectionable impurities in crude camphor are oil

and water, which must be removed before refining, as the oil gives the refined

camphor a fatty touch, and the water renders it opaque. The elimination of

water and oil is often effected by washing in a centrifugal machine with small

quantities of water; the liquor draining off contains both oil and water. The
separation is also done by hydraulic pressure; or for freeing it from water only,

by placing the camphor in an airtight chamber in layers 3-4 in. thick and 12 in.

apart. Between those layers are inclined metal gutters charged with pieces of

calcium chloride, which are subsequently regenerated. Another method of sepa-

ration of oil and water from the camphor is to crystallize it from boiling l>enzene

or petroleum ether solution, this prepared material l)eing the most desirable for

refining. The process of refining consists in mixing the prepareti material with
a little lime, charcoal, or iron filings, according to quality, and charging each

Ean with about 12 lb. of material; the subliming pans are heated slowly for two
ours, and then fired rapidly up to 190°, this temperature l)eing kept for from 12-16

hours. After cooling, the refined protluct is removed from the cover by slightly

heating the cover, ancl then cut into the desired shape.
For description of Japanese camphor monopoly and the manufacture of "monol,"

see Chem. Tratle Jour., 1909, 44, 385; abst. Chem. Abst.. 1909, 3, 2345.
1. For symposium of articles on camphor, see J.S.C.I., 1907, 21», 3S0 (1.

2. Sumalra Camphor, Borneo Camphor, Dryobal^wops Camphor, tiorncol.

This camphor is protlucetl in the islands of Sumatra and Borneo, by Dryobalaruips
aromalica. This tree is very large, often exceeding 100 ft. irj height, with a trunk
6 or 7 ft. in diameter, and ranks among the tallest and largest trees in India.

(\m. J. Phann., 24, 329.) It is found in Sumatra and Borneo, and is abundant
on the northwest coast of the former island. The camphor occurs in concrete
mas.scs, which occupy longitudinal cavities or fis.suers in the heart of the tree, from
a foot to a foot and a half long, at irreg\ilar distances apart. The younger trees

are generally less prcnluctive than the old. The only niethod of ascertaining whether
a tree contains camphor is by incision. \ party proceeds through the forest wound-
ing the trees, till they find one which will answer their purpose; and hundreds
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The mechanics of the solvent action of camphor on the cellulose

nitrates have never been fully worked out. It is a non-solvent in the

cold, but very active alx)ve its boiling point. Heat and great pressure

are absolutely necessary, if no fluid is present. The addition of small

amounts of methyl, ethyl or aniyl alcohols to a finely comminuted
mixture of pjToxylin and camphor will cause a rapid solution of the

former, even at ordinary temperature, but the solvent action is greatly

acceleratfttl by raising the temperature to SO-KX)*'. The details of

the application of camphor in the formation of pla.stics are given in

Chapter XIV.

Artificial Camphor is the name applie<l to d-pinene hydrochloride,

and less often to the hydrobromide, which is ol)tained by passing dry

hydrochloric acid gas into dry American or French oil of turpentine.

A white, snow-like solid separates, which is washe<l free from acid by

coUl water and further purified by recry.stallization from l)enzene or

ligroin. This hydrochloride of the terpene, pinene, has the mass

formula CioHie.HCl, possesses a pungent, camphor-like odor, and has

much the same solubility as camphor in alcohol and fu.sol oil. Other-

wise it is a totally different product, containing chlorine, of which

natural or synthetic camphor is free. It is of no value as a camphor

substitute in the preparation of pyroxylin plastics—although an efficient

gelatinizer of the cellulose nitrates—ilue to the fact that it slowly

but continually gives off chlorine, which at first di.scolors and eventually

decomposes the plastic. It has no extensive technical use, other than

as an intermediate step in the preparation of camphor.

Synthetic Camphor.^ The rapidly increasing consumption of cam-

phor in the arts without a corresponding increa.se in the production,

may be examined before this object is attaine<l. When discovered, the tree is

felle<l and cut into logs, which are then split, and the camphor removed by means
of sharp-pointed instrumetns. It is stated that the ma.sses are sometimes as thick

as a man's arm, and that the product of a medium-sizetl tree is nearly 11 lb.;

of a large one, double that quantity. The trees which have been woundwi anci

left standing, often produce camphor for seven or eight years afterwards.
Borneo camphor resembles in appearance ordinary camphor, but has, accord-

ing to Christison, a specific gravity of 1.009, and sinks in water. Its odor is also

distinctly different from that of camphor. It usually pulverizes without the addi-

tion of alcohol, is less volatile than ordinary camphor, and does not crystallize

in the interior of the bottles in which it is kept. It fuses at 206° and boils at
212°; is dextrogyrate; has a formula of C,„H,7(0H); and by the action of boiling

nitric acid is converte<l into common camphor. It does not reach European
commerce, being largely consumed in the Batta provinces, especially in funeral

rites, and any that is exported is bought up at enormous prices for China, where
it is preferred for embalming purposes on account of its oeing less volatile than
the ordinary drug. See Chem. Zeit., i!»10, 34, 320.

1. The material used in the compilation of this topic was taken partially from
"Syntheses of Camphor." F. J. Pond, J.S.C.I., 1907, 2fi. :JS3; L. Keblcr, Am. J.

Pharm.. 1907, 79, 349; A. Colin, Rev. gen. chim., 1908, 12, 146, 192; W. Darrah,
Chem. Eng., 1909, 9, 165; C.N., 1909, 100, 45. Sec also E. Dannois, C.R.,
1910, 150, 925.
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especially in the celluloid industry, where according to Schiipphaus,*

two-thirds of the total amount is consumed, has made the synthetic

preparation of camphor a matter of considerable theoretical as well

as commercial interest. Owing to the steadily increasing cost of

Japanese and Formosa camphor, although the production is now
"diretjtly under the supervision of the Japanese government, efforts

have recently been more persistent in attempts to synthesize this ketone.

By "synthetic" camphor ^ is to be understood the substance

consisting essentially of the compound, CioHieO, which in chemical

comix)sition is identical with natural camphor,^ except that the latter

is dextrorotatory, while the former is unaffected by polarized light."*

The synthetic production of camphor rests upon a knowledge of the

molecular structure of natural camphor, and this has been supplied by

many researches, notably by those of Bredt and v. Rosenberg,^ whose

formula has been conclusively corroborated by the synthesis of camphoric

acid by G. Komppa,® the formulas for the various compounds being:

CH2*CH CH2 CH2*CH CH2

C(CH3)2

CH2C(CH3)CO
Camphor

CH2CH CH

I

C(CH3)2

CH2C(CH3)CH
Camphene

C(CH3)2

CH2C(CH3)CH(OH)
Bomeul

CH2 C CH
C(CH3)j

CH2C(CH3)CH2
Pinene

1. J.S.C.I., 1007, 20, 383. 2. Cf. J. Spruijt, Pharm. Weekblad, 1908, 1001.
3. While synthetic camphor is artificial, the reverse is not the case.

4. Cf. O. Aschen, Ber., 1908, 41, 1092; for t«sts of purity of synthetic camphor
see A. Basselli, Giom. farm. Triesto, 1907, 2, through Repcrt. pharm., 190f> (3),

19, 125; for distinctive tests for artificial, synthetic, and natural camphor, see
P. Borisch, Pharm. Centrahl., 1907, 48, 527; Anon., C. Z., (VMuloid Suppl., liKXS.

22, (Aug.) 21, 95; E. Darmois (CH. 1910, 150, 925) ha-s sn'^^ooded, by working
at a relatively low temperature, in preparing synthetic camphor having an optical
activity only slightly less than that of natural camphor. Oil oi turpentine is frecti

from tlie portion distilling aliove 165°, and is then converted into pinene hydro-
bromide. The latter is converted into lx)meol by means of its magnesium deriva-
tive; in this operation some dilwniyl, (C.„H„)2, is also formed, but Ix'ing much
less volatile than Iximeol, the latter may l>e separated by distillation with steam.
The lK)meol is purifietl by recrystalli.sation from pt^troleum spirit, but is not a
homogenous sulwtance, the rotatory ix»wers of the crystals removed from the
mother liquor afU»r different intervals of time differing con.-^iderably. Starting
with tunxuitino fmm the AlepfX) pine (J.S.f'.I., 1909, 2S, 10')0) the lx)meol ol>-

tained is mainly a mixture of d-lx>meol and /-wolxinieol, which on oxidation yields
ft aimphor having the rotary power [a]n= +49° {[n]n of natural camphor= +57°).
From French oil of turpentine, in a similar manner, a camphor having the rotary
power [(i\n= -45° is pnxluced. It is nossible that by working at a lower tempera-
ture, ft product entin'ly identical with natural camphor could \)c obtained. For
history of the researches which letl to the determination of the constitution of
camphor. «•<> <;. Blanc, Bull. Soc. Chim. Mav 5, 1909; ab.st. Am. Chem. J. 1910,
43. 2'vl; also Aschan. Ann. IJM)!, 3!«. 19().

'

5. Ber.. 1893, 2«. 3047.
0. Ber.. 190S. 41. 1039; .\nn., 190«>, Wi, 120; 190«), 370, 209: Komppa and

A. Bergroth, Ber., 1896, 2», 1025.
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It has long \)cen known that camphor maj' Ik? ohtalne<l by the oxida-

tion of natural horneol with varioiw oxidizing agents, l>ut while this

fact, in itself, is of but little importance, yet the oxidation of synthetic

l>orneols constitutes the final step in the commercial preparation of

synthetic camphor by the majority of the methods.

Of bat little commercial significance, although of much theoretical

interest, is the partial synthesis of camphor, first accomplished by

Bretlt and v, Rosenberg ' by the dry distillation of calcium homo-

camphorate, which splits up into calcium carbonate and camphor.

/CH2COO JCH2

C8Hu< / =CaC03+C8Hu<
|

TOOCa ^CO
Calcium aalt of Camphor

homocamphuric acid

The preparation of normal camphoric acid alkyl esters,^ while of theo-

retical value, is too expensive for use in this connection. I^rtram

anil Walbaum ^ found in 1892 that when camphene is heated with

glacial acetic acid and 2% sulphuric acid for 4-6 hours at 50-60°,

i.s-olx)meol acetate is produced in satisfactory amounts, an important

commercial metho<.l for camphor production was openetl. The oily

isobomeol acetate, when washed with water to remove acid, is then

converted into j'sobomeol by saponification with alcoholic potash,

and this in turn, can be readily transformed into ordinary camphor

by oxidation with various agents. This synthesis may be represented

in steps as follows: ^

/CH /CH2 XH /CHo

X;H X'lKCaHsOz) XIHOH MX)
Camphene Aobomeol acetate Imhoraeol Camphor

These investigators fully established the identity of their product with

Japanese camphor by the fact that it gave a mixture of bomeol and

j>olK)meol by reduction with sodium alcoholate.

Many processes have been proposed in refinement or elaboration of

this fundamental .synthesis. The first problem was the discovery of a

satisfactorj- method for obtaining the required amounts of camphene

1. Ann., 1806. 289, 1; see Beckmann and Saron, Ber., 1909, 42, 4S.5; Haller, Bull.

Soc. Chim., 18S6, 15, 324.

2. Process of J. Riedel, D.R.P. 196152, 1<)07; Addition to D.R.P. 1S9840,

1906; in which normal esters of inactive camphoric acid are ol>taine«l by the

action of dimethyl sulphate on an aryl sulphotiic ester or a salt of inactive cam-
phoric acid at the ordinary temperature.

•.\. J.pr.C, N.F.. 49. 1; D.R.P. 67255. 1892.

4. O. DuBosc, E.P. 8260-A, 1906, duplicate*! &a 8356-A, 1906. As a natural

pnxluct camphene ha.>* been found, although in relatively small quantities, in

about eighteen essential oiU.



240 NITROCELLULOSE INDUSTRY

commercially. Up to this time camphene had lieen a chemical curiosity,

and prepared in the laboratory only, and with difficulty. Previously,

camphene had l)een artificially prepared in small quantities, and with

little regard as to cost of production, by the action of concentrated

sulphuric acid upon pinene, the latter being obtained from oil of tur-

pentine.i It was soon found, however, that if pinene hydrochloride

be first prepared, the halogen could be rteadily removed, when cam-

phene results. Various methods were proposed for economically

splitting the pinene hydrochloride into camphene, among which may
be mentioned the following, which have assumed more or less industrial

importance. Heating of the pinene hydrochloride with glacial acetic

acid,2 sodium or lead acetate,^ glacial phosphoric acid,'* or meta- or

pyro-borates or -silicates in aqueous solution for a long time to 150-

200°; ^ heating with aniline,^ toluidine,^ sodium phenolate,* or naphtho-

late,^ calcium phenolate,'" or naphtholate," cau.stic potash and calcined

niagnesia,'2 sodium alcoholate;'-"^ distillation over lime;'"* heating with

water under considerable pressure,'^ and heating with sodium stearat«,

benzoate or cinnamate.' ^ The majority of these agents were found either

to act incompletely, or so energetically that subsidiary products formed

which reduced the yield of camphene and increased the cost from the

time required to eliminate the by-products.

It became evident, therefore, that for the synthesis of Bertram

and Wall)aum to attain commercial value, a more satisfactory method

of conversion of pinene hydrochloride into camphene must \ye worked

out. Since 1900 the following methods have been published, in which

it is claimed that many of the objections of the older proces.ses have

been satisfactorily overcome. In eliminating the halogen acid from

pinene hydrochloride, heating with aliphatic bases,^^ as methylamine,

(l!methylamine, ethylamine, or piperazine, piperine, or piperidine; by

heating with ammonia, either gaseous, aqueous or alcoholic;*^ heating

1. .\rmstrong and Tilden, Ber., 1879, 12, 1753.

2. O. W»llach, Ann., 1887, 239. 6.

.3. A. Behal, P. Magnier and C. Tisser, F.P. 349896, May 5, 1904, and First

Addition, May 16, 1904; J.S.C.I., 1905, 24, 857.
4. CJ. Wend, D.R.P. 207888, 1908. 5. A. Roesler, D.R.P. 205295. 1908.

6. Briihl, Ber., 1892, 2:», 146. 7. Berlin .\niline Co., D.R.P. 20.W50, 1907.

8. E. Bergs, U.S.P. 833666, 1906. 9. Badische Aniline Co., E.P. 16429, 1«K)6.

10. F. Koch, D.R.P. 206619. 1907. 11. J. Goldsmith, E.P. 21171. 21180, 1906.

12. Kachler, Ann., 1879, 197. 96. 13. O. Wallach, Ann., 1885, 230, 238.
14. Berthelot, Ann., Chem. Phys. 1878, 56.

15. Kachler, I.e.; for method of preparing lK)rneol-. t.<tol>omeol- and terpineol-
propionates and hutyrate.s, .sec Soc. Ix; Camphre, F.P. 408065, 190i).

16. Berthelot and Rihan. Camphene had also l)een prepared by the action of

dehydrating agents upon Iwmeol and j>jobomeol; O. Wallach. .\nn., 1885, 230,
239; Konowaloff, Jour. Russ. Phys. Chem. Soc., 1900, 32, 78; Bertram and Wal-
baum, I.e., page 8.

17. Stephan, U.S.P. 707270, 1902. 18. Stephan, 707271, 1902.
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aqueous alkali in the presence of a soap,* the latter lieing a Bolvent of the

pineiie hytlrwhloride; heating with anhydrous phenolates,^ or an aqueous

alkaline solution of the higher fatty ac'ids;^ heating with an alkaline

earth salt of a nuphthol;^ or barium naphtholate;* the alkaline earth

metal, (calcium or magnesium being generally employed) was intended

to remove traces of chlorine from the prepared camphene, small amounts

of chlorine being inailmissible for camphene utted lus a camphor in

celluloid on account of the splitting oflf of hydrochloric acid and the

discoloration if not ultimate decomposition of the celluloid. The oxidiz-

ing action of barium jMjroxide ^ or sodium peroxide,'' heating with alkaline

benzene** or naphthalene sulphonates* to loO-lGO®; heating directly

with potassium carbonate,*® «- or /9-naphthylamine,' * alkaline earth

saltiiof organic sulphamides (benzene sulphamide,napthyl sulphamitle),'^

or sodium p-toluene sulphonate '^ have been advocated. To reduce

the amount of l)omyl- and tsobomyl-acetate always produce<l in con-

junction with the camphene, heating with basic lead acetate is rec-

ommended.*"* The methotl of protluction by distilling bomyl chloride

at 180-210°, the distillate l^eing refluxed to allow HCl to escape and

camphene to be retained, hius as yet proven too expensive.'^ Other

methods *<* offer but little new in the matter of suggestion.*^ By means

1. Stephan, 725890, 1903; Stephan and Hunsalz, U.S.P. 770940, 1904; 790601,
80148,1, 1905; Stephan and Rehlander, Ui».P. 801485, 1905.

2. Badiache Aniline Co., D.R.P.Anm. B, 40529, Aug. 20, 1905; E. P. 10429, 190r>.

3. E. Schering, D.R.P. 153924, 1901; Basle Chem. Works, E.P. 19«K)0, 1906;
D.R.P. 185402, 1906.

4. Badiache Aniline Co., E.P. 5674, 1908; Addition to E.P. 16429, 1906;
JiS.C.I., 1906, 25, 909.

5. F. Koch, E.P. 22810, 1906; F.P. 377311, 1907.

6. O. DuBosc, E.P. 8260, 1«K)6, duplicating E.P.8;ir)6, 1906; U-S. P. 937928. 1910.
7. Schmitz & Co., E.P. 2545:J, liK)7. 8. Chem. Vah. Sandoz /'P. 386928, 1907.
9. Chem. Fab. Sandoz, E.P. 1078:i. 1907.

10. Schnritz & C-o., F.P. 384955, 1«K)7.

11. Berlin Aniline Co., D.R.P. 206:386. 1907.

12. E. .Schering, D.R.P. 197346, 197805. 1907. See also Schering, D.R.P.
1'k8717, 161523, 197:M6; Aust. P. 23240, 23242, 1905. A camphene entirely
free from chlorine i.s claimctl to result from this process, and the synthetic camphor,
therefore, to \^e fntirely applical)lo for us<> in pyroxylin plastics.

13. Chem. Fab. Sandoz, D.R.P. 204921, 1907*

14. J. Basler & Co., UiJ.P. 876:J10, 19aS; E.P. 19961, 1906; D.R.P. 212901,
IIKM; Aust. P. 30845; it is state<l that at 140°, only a little »)oniyl and woljoniyl
acetates are formed in addition to camphene, and that if the heating Ije con<lucted
in an aut<x;lave for several hotirs an<l the temperature l)e allowed to rise to 180°,

the formation of bomyl acetate increases in amount, and finally constitutes the
principal product.

15. C. CJlaaer, U.S.P. 923967, 1908; cf. A. Wack, U5.P. 898942, 898»43,
1908; F.P. 385700, 1<K)7.

16. R. Ellis. E.P. 10784, 1907; F.P. 375897, 1907; al)st. J.S.C.I., 1907, 26, 947;
A. Bischler and A. Basselli, US. P. 876137, 876310, 1«K)8; E.P. HHMM). 1«K)6; D.R.P.
19:«01; aliet. J.S.C.I., 1907, 2«, 22; Chem. Fab. Sandoz. E.P. 10783, li)07; F.P.
386928, 1907; O. Billeter, U.S.P. 891rti3. 1908; F.P. 37aS97. 1907.

17. C. Weizmann, VB.P. 896962, 1908; E.P. 5032, 1906; 16605, 1907; F.P.
386552, 1908; D.R.P. 197163, 1908.
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Oi tne above-outlined methods a supply of oamphene is obtained

at a 8ati}*factory cost, depentlLng on the production of pinene. It is

therefore evident that the source antl production of pinene chloride

at a proper initial cost is an important preliminary to the successful

manufacture of large quantities of camphene.

In the commercial preparation of pinene hydrochloride, French

or American turpentine is first partially purified by boiling the same

with metallic soclium ' or calcium ^ and distilling, or a preliminary

treatment with concentrated sulphuric acid is made, which resinifies

the impurities.'' The pinene hydrochloride is proportionately very

stable in concentrated inorganic acids, while the majority of the oily

products pass into solution. The pinene hydrochloride may be fur-

ther purified by partially saponifying the by-products by heating the

mass to <SO-100°, until comparison with a standard purified ester,

shows that the material being purified does not split off HCl more

easily than the standard."* After purification of the original turpentine

dry HCl gas is passed through it to saturation, when solid pinene hy-

drochloride separates, which, when recrystallized, is a snow-white

product.^ About 70% pinene can be obtained from turpentine oil.

The adequate supply of pinene hydrochloride and camphene being

assured, the latter is converted into tsoborneol, and this in turn, trans-

formed into camphor, as described. The steps from pinene through

the hydrochloride to camphene are as follows:

yCH ^CHCl yCH

\CH2 ^CHz \CH
Pinene Pinene hydrochlori<le Camphene

One of these syntheses, carried out in detail commei tially, would

be to prepare camphene as outlined above, and from this i.sobornyl

acetate, which is an oily liquid, boiling at about 225°. This is then

saponified with an alkaline hydroxide, usually 5% aqueous or alcoholic

sodium hydroxide, when the isoborneol separates as a solid mass. It

is purified by solution in hot benzene, filtration, and precipitation •on

the cooling of the solvent. The mass is centrifuged, l>enzene solvent

removed by drying, and the isoborneol then oxidized to camphor

—

the final step. Much ingenuity and patience have lieen displayed

in the selection of the oxidizing agent and the control of the oxidizing

process, that the maximum yield may be obtained and no carl)on-

1. 0. Weizmann, E.P. 23S75, 1906.
2. Clayton AniHiie Co., E.P. 21946, UK)?; P.P. 3S9071, 1(K)S.

3. Chom. Pal). Lienau & Co., D.R.I*. 1S2(M4, 1902; .\ihlilioii to 175t)62, 1902.

4. Chom. Pal). Lionau A Co., D.R.P. 17.'>662, 1902.

6. .\. DuBosc and C. Piquet. P.P. ;«98r)2, 19(U.

I
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ization take place to darken the final product. Nitric acid is mont
oftfMi used/ l)oiiii? heate<i with the wolwmeol at 37-40° either with 2

(M without a cataly/.or;'* vanadic acid and ammonium vanadate may
Ix- ctuployed, or nitrous juid intrwlucetl directly, either by an acid

: I ling the lower nitrogen oxides,-* nitrous acid," or the addition

..1 -inuU amounts of sodium nitrite,* Another method proposetf

consists in leading a cUloioformic solution of m>l)orneol through

nitrous acid gas, tlie fluid being saturateti until it turns bluish-green

oTi cooling, while the slightly coloreil oil which subsides is changed
into camphor upon the addition of wat«rj Where chromic acid is

ti-ril as the oxidizing agent,® the isoborneol is first dissolved in a non-

n\i.li/iii^ immiscible solvent.® Where some form of chlorine is the

.•\idizer an aqueous solution of the gas is usually preferred, i** care

l)eing taken that the chlorine is not in excess, the tsobomeol l)eing

cither finely pulverized or previousl}' dissolved in benzene,** the chlorine

l>oing in the nascent state or nearly so.*^ A final oxidation with small

aiiiDMii!- of manganese dioxide*^ or a catalyzing agent as iron or

i <:isle ('hem. Co., E.P. 8757, 1907. See Chem. Fah. v. Sandoz (D.R.P. 21S9S9,
lor preparation of camphene and camphene hydrate from pinene hydro-

1 luniuii' by means of alkaH or alkaline earth oxides.
2. (J. E1H.S, E.P. 10407, l!KXi.

:i. (',. Austerweil, E.P. 1S047, HK)8; F.P. 392011, HK)S; D.R.P. 211799, HK)8.
In D.R.P. 2175.55, 1908, Austerweil ohtain.s camphor from bonieol and »JM)l)omeol

liv oxiilation with air or oxygen in the presence of nitric and vanadic acids. A.
\Cack and Verona Chem. Co. (U-S.P. 898943, 1908) oxidize iso\x>meo\ to camphor
hy isulphanilic acid.

4. C. Phihnp, U.S.P. S49018, 1907.
5. Basle Chem. Co., P.P. 377926, 1907.
6. Chem. Fab. v. Heyden, F.P. 365974, 1906.
7. ('. F. Boehringcr & Son. D.R.P. 177290, 177291; Aast. P. 28949, 289.50;

334.VJ, 190.H; D.R.P. 17973S, 182300, 1904.

8. A. Verley, E. Urbain and A. Feige, U.S.P. 907428, 90S171, 1908; E.P.
U.549, 14.550, 1907; F.P. 38,3.557, 38.3.5.58, 1907; D.R.P. 2071.56, UK)7; Schmitx
.V < u

, F.P. 3S3419, 385341, 1907; A. Boult, E.P. .5513, 1«K)8.

'I. A. P'rie<ll ami C. Weizmann, E.P. 21946, HM)7; the method consisting in

mixing together 260 parts by weight of 33% sulphuric acid, 100 each tsolxtnuHtl

antl acetone, 65 parts potas-smm bichromate l)eing gradually added with agitation
nd the mixture neate<l for 2 hours under a reflux conden.ser. It i.s stat^l that the
..i<»nce of acetone maintains the i.Hrtl)omeol and camphor in solution, and pre-

.tuts them from subliming; it al.so prevents cont^imination of the camphor by the
salts of chromic acid, and the tem|)erature of the reaction from rising above the
iHMling point of acetone (56°).

10. C. F. Boehringer & Son, D.R.P. 177290, 17721>1, 19(M; First Addition,
1797;i8. 1{K)5; for process for preparing l)omylene from dextropinene, see I. Konda-
low. First .\ddition, dated Aug. 10, 1«M)<>, to F.P. .397161, 1«K)8; E.P. 7.3'22, 1909.
For oxidation of Iwnieol by calcium hypochlorite, cupric chlori<ie and ferric chi«v
ride -H<H' .1. Hertkom, r.S.P. «.K)17as, 1908; D.R.P., H-38309, 1«H)2. Also same,
r.S.P. <t01293, 190S; D.R.P.. n-372^»8.

11. J. Hertkom, E.P. 20050, 1908.

12. J. Kertkom, F.P. .3.52888, 1{)05; the isolwmeol 15.4 k. lieing dissolved in l)en-

ztiie 10 k. at the onlinary ti'mm-rature. This solution is sliaken with a solution
' chlorine 7.1 k. in water 9(X) 1. and alloweil to settle, when the lienzene solution
camphor .separates and the camphor is recovered by extraction.
13. Basle Chem. Co., F.P. 3629.'>6, I'.KXi; the formula Ixsing Molmmcol 100,
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colmlt' has been recommended. In order to modify the action, the

introduction of cooled air or carbon dioxide may be necessary, if the

reaction proceeds too energetically. ^ The tendency toward the pro-

duction of condensation products is said to be reduced by the addition

of small amounts of sulphanilic acid during the oxidation process.^

Electrolytic oxidation, in presence of catalytic oxidizing agents,

5% sodium hydroxide'* solution being the electrolyte, has been pro-

posed; or the isobomeol may be suspended in a solution of an alkaline

chloride,^ magnesium carbide, ferromanganese ^ ferrochrome, or super-

oxides ^ have also been advocated. Sodium peroxide,^ cupric oxide,

^

heating with finely divided copper/" or copper gauze,^i and ozone,*^

all having been found more or less successful.

dissolved in benzene 80, is emulsified in water 50, to which is then added in a fine

streana a solution of calcium chloride 200 in water 500. Manganese dioxide ^-1

is added to the product, which is then stirred at the ordinary temperature until

oxidation is complete.
1. C. Glaser, U.S.P. Reissue, 13001, Aug. 3, 1908.

2. C. F. Boehringer & Son, D.R.P. 177291, 1904; also D.R.P. 214962, 1906,

in which the camphor is to be partially or entirely replaced by the cyclic ethers

obtained by condensing aldehydes or ketones with polyhydric alcohols of the general

formula, CHjOH(CHOH)x CHjOH; the following l)eing suitable: methylene
ethylene ether, ethylidene glycol ether, methylene-glycerol, acetonyl-glycerol, l)en-

zylidene-glycerol, erythri-tliformal, diacetone-arabitol, and triacetone-mannitol.

3. F. Fritzsche & Co., U.S.P. 898943, 1907; E.P. 27927, 1907; F.P., 385700,
1907; D.R.P. 207702, 1905.

4. W. Simmons, Chem. and Drug., 1908, 73, 198. The electrodes may Ix;

made of nickel or platinum, using an alkali manganate as oxidizing catalyst. The
isoborneol is introduced, in benzene solution, into the anode compartment; th«
current density may vary between 0.5 and 2 amperes per sq. dcm., the temper-
ature l)eing about 20°. When the oxidation is performed in acid solution (e.g.,

phosphoric or sulphuric acid), lead electro<les are u.sed, and a bichromate as oxi-

dizing catalyst; the isobomeol is introduced in solution in petroleum spirit. The
current used is 0.5 amp. per sq. dcm., and the temperature from 25-30°. The
oxidizing agent may be cau.scd to form during the electrolysis, by using anmles
of manganese, chromium, or their alloys with iron. The electrolytes must be
vigorously agitated during the process, to ensure efficient oxidation.

5. C. Glaser, U.S.P. 875(X>2, 1907.

6. Basle Chem. Co., F.P. 387539, 1907.

7. Schmitz & Co., E.P. 3750, 1908; F.P. 387053, 1908; DM.V. J();i792, 1907.
8. Schmitz & Co., F.P. 385352, 1907. For example, 17 k. i.sobonicol arc treated

with 2.3 k. so<lium in presence of 60 k. toluene; the solution is cooled to 10-20*,

and dry air, free from cari)on dioxide, is passed through. The temperature is

raised slightly towards the end of the operation. When no more oxygen is ab-
8orl)ed, the pro<luct is washed with water, antl the camphor formed is Lsolateil in

the usual manner. Instead of the above quantity of 80<lium, 4 k. calcium may
be used, or the oxidation of sodium j'.soborneol (19.3 k.) may l)e effected by means
of mercuric oxide (30 k.) in xylene (60 k.) solution.

9. Schmitz & Co., F.P. 387053, 1907; for example, 5 k. vsobcmeol are heated
with 100 k. s<xlium carbonate and 200 k. manganese dioxide, for 10 hours at 250*.

The camphor forme<l is isolateil by distillation with steam. The esters of Iwmeol
and i.sobonieol are saponified by heating with a(]ueous alkali solutions, the oxidis*
ing agent Ix'ing addcsl during or after siiponification.

10. J. Goldsmith, E.P. 17573, 1906.
11. Chem. Fab. Aktien, F.P. 353919, 1005.
12. E. Schering A Co., F.P. 353(M)5. 1905; E.P. S_".t7. l'»ii.,; ( Ibirri.-s .«ind

H. Nereshcimer, Ber., 1908, 41, '5^. wlio have studie<l the action of ozmic upon



NATURAL. AUTIFICIAL, AND SYNTHETIC CAMPHOR 245

The methotl of A. Hesse* is interesting as being based on the well-

known (Jrignarti reaction in which an organoniagnesiuni halide is allowed

to act on an ethereal solution of pinene hydrochloritle. A mixture of

ethyl hromiile, dry ether and metallic magnesium, is stirretl together

witli warmiiif;, until reaction ensues. Just Ixjfore the reaction is com-

j)lete«l, a suitable quantity of pinene hydrochloride dissolved in dry

ether is a<lde<l gradually with stirring, and when the reaction ter-

minates, oxygen or air is passed through the mixture as long as the

former is absorl)ed. Ice is then added, the mixture carefully acidified,

and the reaction protluct, which consists of two layers, carefully sep-

aratetl, the ether in the upper layer being distilled, leaving solid Iximeol

as the residue. This nuiy be purified by cry.stallization from ligroin,

and then tunvertetl into camphor by one of the methods of oxidation

given. This method of preparing borneol is said to be uncertain as

to the yield obtained, an unexpectedly low yield of borneol often result-

ing. It therefore appears to \>e too erratic for a practical commercial

method. Honieol is said to be directly transforme<l into camphor

by the process of Schmitz & Co.,^ metal alcoholates of borneol l)eing

first produced, which are subjected to oxidation with a peroxide or

other oxygen carrier. Other methods for the preparation of borneol

are the heathig of isoborneol for 15 hours in an autoclave to 25(J° with

alkali metals,^ or with alcoholates and xylene."*

The fact observed by Wagner in 1899,^ that when pinene hytlroidide

is treated with silver acetate and glacial acetate acid, it is converted

into a mixture of dipentene, terpinyl acetate, camphene, bornyl and

tsobomyl acetates, has l)een the starting point for the preparation of

synthetic camphor.^ Another method suggestetl for the commercial

turpentine oil and pinene, found tlmt when the latter was dissolve<l in carl>on tetra-

chloride and subjected to the action of ozone, a solid and a fluid ozonide were
formed, the former being protluced in smaller amount. The solid pinene ozonide
(pinene perozonide) forms small elastic clusters, possessing an ill-define<i crystal-

line structure, and is insoluble in the usual organic solvents. .Vnalyses give results

nearer to the formula C,oH„04 tlian to C,oH„Oj. The action of ozone upon pinene
and cyclohexene are similar (Ber., 1906, 39, 2847). When heatetl on platinum
foil, the ozonide explo<les, though not violently. When boiletl with water it slowly
decompotses, and hydrogen peroxide makes its appearance. It decomposes at

80-S.5°. When decomposed with water, it yields pmonic acid. The oily pinene
ozonide, C,oH„0„ can be separated from tne .solid compound, by its solubility

in carl)on tetrachloride or ether. It has the sp.gr. 1.310 at 20° /4°, and [a]n= + 11"

40' in chloroform at 20°. On decomposition, either by boiling with water, by
beating with potassium hydroxide, or by distilling in vacuo, it yields optically

active, oily pinonic acid, and possibly pinonic aldehyde.
1. U.S.P. S26165, 190«: DR. P. 1S294.3, 1908; Aust. P. 31674, 1907.

2. E.P. 28036, 1907; P.P. 3S5:J42, 1908; D.R.P. 2a3791, 1906.

3. Schmitz & Co., P.P. 38:1149, liK)7; J. Hertkom, E.P. 11248, 1908.

4. Schmitz & Co., E.P. 24806, 11M)7.

5. Wagner and Prickner, Ber., 189«.», »2. 2302.
6. He regarde<l the di{x«ntene and t<'ri)inyl acetates as the normal pnj(luct.s of

rcHctidti. cainphene and the boniyl acetates being produced ut higher temperatures.
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production or borayl acetates is: heating pinene hydrochloride

with glacial acetic acid and a heavy metal acetate ^ to 180°, both

bornyl and uobornyl acetates being fonned. Glacial acetic acid

alone,2 or with zinc acetate,-^ is said to give a more uniform yield and

possesses the additional advantage that the reaction takas place at a

nmch lower temperature (125°) than when lead or other heavy metal

acetates are used.*

Cobaltous chloride ^ is said to facilitate the esterification, as well

as a solution of calcium chloride in ethyl alcohol.*' Where metallic

zinc is used, as zinc powder,^ the temperature must be either kept

down or an inert gas introduced, due to the difficulty of controlling the

action of the zinc* Zinc chloride,® aluminum^" or copper chlorides ^^

are claimed to increase the yield and uniformity of esterification.

The transformation is as follows:

^CH /CHCl /CH2 /CH2
C8H,3<C I -^8Hi4< I ->C8Hi4< I -^CgHiZ

\CH2 ^CH2 ^CHCCzHgOz) ^CHOH
Pinene Pinene hydrochloride Bomyl and t'sobomyl Bomeol and

acetates i«obomeol

The formates have also been suggested as likely bomyl esters for

camphor production, and are formed by treating pinene hydrochloride

with an excess of absolute formic acid,*^ ^it,]^ ^he aid of formates in

which the chlorine derivatives have a heat of formation above 52

calories. ^^ C. Philipp ^^ heats pinene chloride (172 parts) with formic

acid 500, and zinc oxide 45, the product consisting chiefly of bomyl
formate. ^^

1. Behal, Magnier and Tissier, D.R.P. 37322, Anm. K. Bd., 12; O. Wallach,
Ann., 1887, 239, 6; Marsh and Stockdale, J.C.S., 1890, 57, 965.

2. O. Zeitschel, D.R.P. 294163, 1906; see A. Mayer, F.P. 392182, 1907;
393504, 1908.

3. C. Weizmann, U.S.P. 910978, 1908; E.P. 10798, 1906; Badiache Aniline
Co., E.P. 6606, 1906; Chem. Fab. v. Heyden, F.P. 365814, 1905.

4. E. Bergs, U.S.P. 903047, 1908; F.P. 364444, 1906, the quantities being,
solid pinene hydrochloride, 100; zinc acetate, 54; and crystalUzable acetic acid,

150, are boiled in a reflux condenser for 3 hours, the mass is then allowed to cool
and stand, the acetic acid being then distilled in vactto, the residue washed with
water, rectified and distilled under pressure of 12 mm, at about 102-105°. The
corresponding alcohols are obtained by saponification.

5. Chem. Fab. v. Heyden, E.P. 22129, 1907.
6. P. Leemans and V. Tumhout, F.P. 386347, 1908; E.P. 1936, 1908.
7. J. Lutkehermolle. E.P. 14752, 1908.
8. Chem. Fab. v. Heyden, E.P. 24830, 1906.
9. C. Weizmann, D.R.P. 207155, 1907.

10. E.P. 10999, 1906. See Koch, U.S.P. 870829, 1907; E. Rouxevillc, U.S.P.
881827, 1908; R. Seifert, U.S.P. 779377, 1905; W. Naschold, U.S.P. 7476'29, 1903.

11. Chem. Fab. v.'Heyden, E.P. 12639, 1906.
12. O. DuBoac, F.P. 370293, 1906, with First Addition dated Dec. 17, 1906,

and Second Addition dated June 19, IJKXS; E.P. 413, 1908.
13. Such as the formates of sodium, potassium, aluminum or lea<l.

14. UiJ.P. 919H67, 1909.
15. This is first washed with water and soda, then distilled, in vacuo. Bomyl



NATIIRAU AUTIKICIAL, AND SYNTHETIC CAMl'IKUt 217

In the preparation of the higher fatty acid esters, an caniphenc,

wobomyl acetate,' bromwovaleric esters of Iwrneol^ and wolximeol*

bomyl oxalate,* wobomyl sebacate,* and other similarly formed esters •

the same general methods of formation are used.

Another series of camphor syntheses consists in the formation of

lx)myl esters direct from turpentine oil, by the action of organic acids,

hydrolyzing these esters to bomeol and i«olx)meol and from thence

to camphor. When French turpentine and l^nzoic acid are heatcil

together to 150° for 40-50 hours, a mixture of camphene, terpinene,

fenchyl alcohol, wolwmeol and borneol is produce<l." Dr. F. J. Pond
in 1S97 obtained a mixture of wobomyl acetate, terpinyl acetate,

terpenes and pol}Tnerization products, by the application of Bertram
sind Walbaum's metho<l of acetic-sulphuric acid treatment of American
turpentine, which, when saponified with alcoholic potash, formed
t^obomeol to the extent of about 15^^ of the turpentine emploj-ed.

The first attempt to produce camphor synthetically in the Unitetl

States on a manufacturing scale was undertaken in 1902 by the Ampere
Electrochemical Company, operating under the Thurlow patent."

The process conslsteii in treating anlndrous turpentine with anhydrous

oxalic acid at a suhiCble temperature, usually 120-180°, with subsetjuent

oxidation and purification. Borneol, camphor, Iwrnyl oxalate and

formate, and indefinite polymerization pro<lucts were formed. The
ethereal salts were decomposed by treatment with lime in excess, the

camphor and bomeol separated from the mass by steam distillation

acetate, propionate, i-sobutyrate, and other isobomyl esters may Ije similarly

f«>rmecl. The process descriljed by H. du Boistesselin and J. V'emy (F.P. 406005,
liK)8) for the manufacture of camphor in a single operation consists in treating oil

of turpentine, dissolve<l in benzene, petroleum spirit or other neutral solvent of

camphor, with a source of na.scent oxygen, such a-s hydrogen or alkali peroxides or
monop<'rsulphuric acid. For instance, a mixture of 90-100 k. of oil of turpentine
with SO 120 k. of itenzene or petroleum spirit is treate* I gradually with 2.V-35 k. of

s<idium (X'roxide and sufficient water to make with the latter a solution of 3-5%
concentration. The mixture is stirred continuously, the reaction lieing hastened by
the a«ldition of small quantities of suitable known catalytic agents, or else by
lie.iting. .\fter about 24 hours, the layer of benzene is separate»l anil the camphor
is recovered, with almost quantitative yields, by the evaporation of the solvent.

If desire*!, the (quantity of peroxide prescribed alxive may be replace<l by 75~H5 k.

of monojiersulphuric acid.

1. C. Weizmann, E.P. 18*280, 1006; 16605, 1U07; D.R.P. 205H40, 1907; F.I'.

:{S5,V»2. 11K)S.

2. ('alle<l Eul)omyI. E. Schering. r.S.r. 9:«0.>4, 190S; F..P. ir.sj. I'his;

DR. I'. •2t).V2t>;<. 20O264, 11K)8; F.P. :iS\r.i27, VMtH.

3. F. Lue«lv. Pharm. Centrahl., VMS. 49. 625; E.P. 4.359, 1908.

4. X. Thurlow, U.S.P. 6<»8761, VMf2: H;i:iO«>5. 1096; E.P. 1440S, 11H)k.

5. ('hem. Fab. v. Heyden. D.R.P. 1S46:J5. 1905.

6. E. Schering, D.R.P. 208487, l'M)7; (". Weizmann. E.P. •2:i.s75^ A, 1906.

7. Bouchanlat an<l Ufont. C.R., 1S91. 113. 551; 1S97. I2.V 111.

8. E.P. 147.">4, 1«I00; D.R.I'. 134.').'»;t. I'KM); Aust. P. 1(W44. I't02; 1:M»S.h.

!1K«; RU.S.S. P. .5675, 1«.H)1; .\«ldition to F.P. :MKW12. I'»0I: alwt. J.S.C.I., 1901,

2tl. 67, 604; 1902, 21, 1469. Rev. Prod. Chim., 1900, (3), 4, 36.



248 NITROCELLULOSE INDUSTRY

and directly oxidized into camphor by chromic acid. In reality a

number of unimportant subsidiary products were formed, the amount
of bomeol and isobornool bein^ insufficient to assure success of the

process, which has since been abandoned. The German patent of

this company has also Ijeen canceled.'

Among other syntheses of similar nature may be mentioned the

action of certain carlx)cyclic hydroxy acids, as salicylic, upon oil of

turpentine, which yields lx)myl and isobomyl salicylates, and they in

turn hydrolyze into borneol and isoborneol respectively. Camphor
is then fonned by their oxidation. Similarly when turpentine oil

is acted upon by o-chlorobenzoic acid^ esters are formed which may
be changefl into borneol and from thence to camphor. The recent

method of Hertkorn ^ in which a mixture of turpentine oil, an alcohol

and boric anhydride is heated for several hours at I2P-140°, it is said,

gives a uniformly high yield of borneol. The methods of DuBosc,*

A. Sauvage,^ Verley,^ A. Shukoff,'' Schmitz,^ and E. Schering,^ are

more recent.

It is apparent that, with these synthetical processes, each step has

to be very carefully regulated in order to obtain the maximum yield

of the desired compounds and to reduce to a minimum subsidiary

products of no value in camphor syntheses. It was claimed in 1907 '"

that no commercial synthetic camphor was being produced in the

United States, and apparently none has been manufactured since.

The S5aithetic camphor produced in Germany, it is stated, has been

found satisfactory, and the amount is steadily increasing. The element

of labor is an important consideration in this, as well as in other proc-

esses. The ratio of cost between the natural and synthetic product

is the main factor governing the production of the latter. Any de-

cided drop in the cost of the former would seriously impair the output

of the synthetic article.

Camphor Substitutes. With the exception of the high melting

point, cost and odor (which to some may be disagreeable), camphor
is an ideal latent solvent for the lower cellulose nitrates. As the

price of this commodity shows a tendency to constantly rise, many
attempts have been and are being made to substitute it in the celluloid

industry by materials of less cost. The properties which camphor

1. Sec Chem. Fab. v. Heyden, F. P. 3.39504, 1904; D.R.P., C—14519; 175007;
Aust. P. 30092, 33720, 1908. Tarcly, Ber., 1904, 37, 305.

2. O. Schmidt, Chem. Industrie, 1906, 2t), 241. 3. U.S.P. 901293,901708, 1908.
4. F.P. 382790, 38.3478, 1908. 5. F.P. 389092, 1908.
6. Sec .\. Kunerand P. Milot, F.P. 381226. 19aS. 7. U.S.P 'M^(X^i^ i«U)y

8. E.P. 28028, 1907; D.R.P. 21289.3, 1906; of. K.IV -V.7ms I'K FP
398361, 1908; af)st. J.S.C.I., 190ii, 28, 854.

9. D.R.P. 213154, 1907. 10. R. Schupphaus, J.tS.( I , 1(07. 2tt, 383.
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combine that are desirable for celluloid, are not approached iii a like

degree by any known chemical or combination. Camphor pooaesses

the following distinct advantages: (1) It is an excellent gelatinizing

agent of quick and deep penetration, and is an energetic solvent of

a wide range of cellulose nitrates, from hepta- to ennea-nitrate. (2) It

is readily soluble in ethyl alcohol, 1 part dissolving in 0.7 parts of 95%
strength at 15**. In raothyl alcohol the solubility is about the same,

and in acetone somewhat less. (3) It has a high melting (175**) and
boiling (204°) point, and gives therefore a solid celluloid, but the tem-

perature of liquefaction is not so high as to cause incipient decomposi-

tion of the pyroxylin. (4) Its characteristic odor is usually consideretl

as not unpleasant, and it has no cumulative or deleterious effects on

the makers or handlers of the celluloid. Furthermore, the volatiUty

is so low as to make loss from evaporation during storage negligible.

(5) It is uncommonly resistant towards chemical agents, not affected

by traces of nitric acid which might be liberated from pyroxylin, is

not attacked by acids or alkalis, and does not liberate an>thing on

liquefying which would tend m decompose celluloid. (6) It reduces

the explosibility, but not the inflammability, of cellulose nitrate when
mi.xed with it. (7) It does not possess a high power of crj'stallization,

^d hence does not separate out of celluloid upon heating and sun-

sequent cooling or upon long storage. (S) Light has no effect upon
it, and indefinite exposure to light does not darken camphor. This

is of great importance, because many of the organic Ixxlies proposed

as camphor substitutes, notably the naphthols, naphthalenes, pheny-

lene diamines, toluylene diamines and xylylcne diamines darken in day-

light. The acidyl derivatives of aliphatic or aromatic secondary amines '

in general, do not readily gelatinize celluloid, are prone to crystallize

and are readily acted upon by Ught so that the celluloid darkens after

manufacture. This is true of acetyldiphenylamine, acet3'ltolylxylyl-

amine, amylidenedimethylether and amylidenediethylether, although

they possess the advantage of being otlorless.^ Formyldiphenylamine,

acetylphenyltolylaraine and acetylphenylnaphthylamine, which are

acid proilucts of secondary amines containing only aromatic radicles,

occasion too much softness in the manufactured pro<lucts, and are

much less soluble in alcohol than camphor.^ They, however, are also

o<lorles8. By chlorinating, or brominating «-diamines in such a manner

1. Chem. Fabr. Weiler Ter Meer, F.P. §77671, 1906.

2. Deutche Zelluloidfabrik, D.R.P. 1.12371. I'KW; F.P. 312S17, 1901. The
general group of acetyl derivatives of aecondary amines in which the hy(ln)Ken
atom of the \Hj group i.s sulwtitutt^l. compris-*)s their claim, .\octylphenyltolyl-

amine is reconimendril. See also D.U.P. S077U.

3. E.P. 12863. 1901.
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that two hulugeu atoms arc introduced in the o-position relative to

the nitrogen atoms/ amidines are formed which are not fugitive to

light, and do not develop acidity on stan<ling from the splitting off of

halogen. However, they are poor pyroxylin gelatinizing agents.^

Amidines derived from o-diamines and not containing halogen as meth-

enyl-o-toluylenediamine, like the toluylenediamines, discolor upon

exposure to light, and for this reason their use is limited to opaque

or dark-colored celluloid products.^ The same observation applies

to methylethenyltrichloramidine.'* Methenyl-o-toluylenediamine (meth-

enyl-3.4-toluylenediamine) ^ is precluded from use in transparent

celluloid on account of its yellow color. It has been claimed ^ that

carboxylic acid derivatives (formyl, acetyl, ethoxalyl and benzoyl) of

secondary amines may be produced, which after purification by frac-

tional distillation and then by extraction with organic solvents, result

in products which may partially replace camphor with advantage.

There are a number of substitutes which constitutionally might be

applicable, but which slowly split off acid, and therefore induce de-

composition of the celluloid, often with ultimate combustion, among
which are the chlor- and nitro-derivatives of different bodies. The
best known of these chlorine derivatives is pinene hydrochloride ^

(m. pt. 125°) prepared by conducting hydrochloric acid gas into tur-

pentine. It has a resemblance to camphor, and is sometimes con-

fused with the true synthetic camphor. Pinene hydrochloride possesses

a certain capacity for gelatinizing pyroxylin, but in spite of repeated

and elaborate purification, it splits off HCl on keeping, or in combina-

tion with celluloid, with consequent decomposition of the latter.

1. E.P. 10228-A, 1906.
2. F.P. 366106, 1906.

3. E.P. 8077, 1906; abst. J.S.C.I., 1906, 25, 608.
4. This body, together with o-toluylenemethenylamid, ethylethenyltrichlor-

amid are examples of the general group of amidins deriveil from o-diamido com-
pounds of the aromatic series, particularly the amidins which can l>e derived from
fi.s-trichlonliamidol)enzene and from v-tetrachlordiamidobenzene, which have
been patented by C. Schraul)e and E. Laudien (U.S. P. 892899, 1908; D.R.P. 180126,
19(K>). They are used in the place of camphor in the ratio of 30 to 100 parts nitro-

cellulose, alcohol being added as in the regular process of conversion. In U.S. P.

S929(X), 1908, are given quantitative methoils for the manufacture of polyohlor-
iimidins from os-trichlordiamidol)cnzene by reducing o-nitroacylamido deriva-
tives (either alphylated or unalphylated) of ns-trichlorl>enzene or tvtetrachlor-
l)enzene. Methods of producing the following are given in detail; ethenyltrichlor-
amidin, methenyltricnloramidin, ethylethenyltrichloramidin, ethenylt«trarhli>r-
amidin, lienzylcthenyltctrachloramidin, Ixjnzyltrichloramidin and methylethoiiyltri-
chloramidin. Ethenyltrichloramidin is claimetl as especially valuable. nuA
preferably obtained by reducing i-cthylacetylamido-2-nitro-3.4.6-trichlorl3enzene.
possesfjcs the property of swelling nitrocellulose, melts at 116", and is readily
.soluble in hot xylene.

5. Berlin Aniline Co., D.R.P. 1,S0216. 190(>.

6. Chem. Fabr. v. Weiler Ter iMeer, E.P. 16271, 1906.
7. E. Callenberg, F.P. 322506, 1902; O. Nagel, Ui3.P. 596662, 1898.
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/sobonieol obtained by the hydration of cuniphene,* has many of

the desirable proixjrties of camphor, melts at 216°, Hublimes unde-
composetl, an,d ia easily soluble in alcohol. The principal drawback
to its extensive use, however, is that it is affectetl by acids and alkalis,

and crystalUzes from celluloid plastics. Its power of gelatinization

is also low. Bomeol - is of less value. Closely resembUng t«obomeol

is the ester, i««lx)myl acetate,^ an oil boiling at 285°. This ester

resembles camphor chemically, but its gelatinizing capacity however,

is small, and it possesses a |)eculiar, penetrating odor, which to many
is repulsive. The complex proiluct obtaineti by the polymerization of

oil of turpentine with sulphuric acid •* has the same drawbacks. Certain

tetrasubstituted ureas ^ in which all the hydrogen atoms of the amino
greups are replaced by organic radicals have been proposed, but

transparent celluloid prepared with them invariably discolors upon
exposure to light and air. After the use of acetanilide ^ (phenylacet-

amide) had been patented by John H. Stevens in 1893, Schiipphaus

1. A. Behal, U5.P. 831028, 1906; E.P. 11512, 1905; 1 k. cellulose nitrate is

moistened with a sufficient Quantity of <S6% strength alcohol, and is mixed with
a solutioa of 500 gm. of the l)omcol dissolvetl in 500-(>00 gm. ethyl acetate. The
mixture is subjected to centrifugal action or otherwise deprive*] of solvent.

2. Easier & Co., D.R.P. 1858as, 1905; A. Behal, P. Magnier and C. Tiasier,

P.P. 349970, 190i; E.P. 11512, VM5.
3. Patented (D.R.P. 17294 1, lfK)5) by C. Claessen. See also G. Auerbach.

CJ. Z. Sup., 8, 33, Jan. 25, 1907. The gelatinizing power of isolxjrnvl l^enzoate
is said to lx« higher. W. Lindsay (U.S.P. 961360, 1910) has descrilietl the use of
benzyl lienzoate as a camphor substitute in pyroxylin plastic formation, claim-
ing that inodorous moidable products result when the ester is used in the ratio

of 20% (calculated on the pyroxylin) for hard compounds, and 150% for very
flexible compositions. A few years ago this ester wa.-* obtainable only at a pro-
hibitive price for commercial uses, while today it can l)e prepared from benzaldc-
hviie for atx>ut $0.40 per pound. The latent solvent actipn of the cinnamic
group of balsams, comprising balsams of tolu, Peru and storax. Is undoubte<lly
due to the benzyl bcnzoate, benzyl cinnamate, cinnamyl cinnamate (..styracin)

cinnamyl benzoate and phenylpropyl cinnamate which together form the major
portion of their composition. In this connection see benzyl acetate and ethyl-
enediacetate. E. Seelig, (D.R.P. 41507. 1889) benzylmethyl ether, benzylethyl
ether; C. Mettler, (D.R.P. 166181, 1<K)4) ljenzylaminory?nzyralcohol, monomethyl-
aminobenzyl alcohol and phenylaminol)enzyl alcohol; (Kalle & Co., D.R.P.
97710, 1895).

4. A. E. Rouxeville, P.P. 376269, 1906; E.P. 13023, 1907. .\fter treatment
of the turpentin- in the cold with an equal weight of sulphuric acid, the mixture
is allowed to stand anj the upper dark layer separated and wa.she<l with vater.
It is gently heated with 50% nitric acid and the resulting brown powder heate«l

with water, washed free from acid and dissolved in acetone. Nitrocotton is then
incorporated to a uniform paste, a plastic mass being obtained upon evaporation
of the acetone. It is claimed that the addition of resin produces a harder prod-
uct and linseed oil the converse.

5. C. Claessen, P.P. 364604, 1906; E.P. 2037, 1906; O. B. Thieme, UjS.P.
831488, 1906.

6. U.S.P. 517987, 1894, as solvent in solid mixtures, UiJ.P. 510617, 1893, as
solvent in liquid combinations. .Acetanilide is U8e<l at the present time, especially in

(Sermany, to partially replace camphor. It is the most valuable of the odorless
camphor substitutes, and at the same time is comparatively inexpensive. Ita
difficult solubility is a serious drawback to a more extended u^.
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followed the next year with fornuinilidc, o- and p-acetphenetidine,

o- and p-acetoluide, brom- and nltro- acetanilide and acettoluides, and

l^enzanilide,' but although the laboratory experiments in the substi-

tution of camphor Ijy these bodies gave considerable promise of suc-

cess, with the exception of acetanilide, they have proven unsatisfactory

except for special purposes.^ ^'/ym-methylbenzoyltrichloraniline^ and

acetyltrichlornitranilide, obtained by nitrating acetyltrichloranilide,

were found ^ to insufficiently gelatinize the pyroxylin, and in addition

made the plastic too brittle. Methylacetanilide,^ chloroacetanilide

and the alkylnaphthylamines (especially the latter) darken on expos-

ure to light and possess a peculiar and to many, disagreeable odor,

which clings to the celluloid for months. Another claim ^ is for the

use of the following class of compounds:

Mono- or poly-halogen derivatives of primary aromatic amino com-

pounds, acidyl derivatives of halogenized aromatic amines (e.g., chloro-

acetanilide) ; acidyl (formyl-, acetyl-, benzoyl-) derivatives of secondary

aromatic amines such as methylaniline or alkylnaphthylamines.

1. U.8.P. 528812, 1894; K.P. 21331, 1894; D.R.P. 80776, 1894. Acetanilide
is used at the present time to partially replace camphor in pyroxylin plastics, its

greatest drawback to more extended use l)eing its difficult solubility in alcohol. How-
ever, it is the most valuable (probably) of the inodorous camphor substitutes,

and at the same time is comparatively ine.xpensive. Of more importance at t!u>

present time are the substituted acetanilides, patented Jiy Stevens (U.S.P. 551456,)
ni 1895, and since greatly elaborated. Methylacetanilide, sometimes calletl exal-

gine, is a colorless, odorless, hard crystalline substance, and much more solul)le

in alcohol than acetanilide. Tn combination with either camphor or acetanilide,

it forms a pyroxylin compound superior to the camphor-acetanilide mixture
described in J. Stevens, U.S. P. 517987, 1894. Camphor methylacetanilide mixtures
can be manipulated at temperatures below the boiling point of water. Mithyl-
acetanilid-phenylacetainide compounds are also easily plastic.

The combination of acetanilide, methylacetanilide and alcohol with pyroxylin,
proiluces a readily moldable and when thoroughly ilry, a practically non-shrinkable
plastic. Ethylacetanilide, propylacetanilide, butylacetanilide and amylacetanilide.
the latter Iwing a liquid, are claimed as efficient camphor substitutes. Ethyhvcetani-
lide especially, and its closely allied derivatives, are of great value in forming trans-

f)arent celluloid sheets. .\cet'-;)-phenetidin (/)-oxyethylacetanilide, phcnacetin)
ormed by acetylizing 7)-amidopnenetol, has l)een paten teti as a camphor sul)-

stitute, but appears to nave l)een used principally in pharmacy. U.S. P. 598649,
1898, R. Schiipphaus, comprises acetophenon, l)enzylitlene acetone, Iwnzophe-
non, phenylbenzyl ketone, oxyacetophenon, l)enzil, dibenzylidene acetone, tri-

oxybenzopnonon, p-oxyl)enzophenon, oxyphenylbenzyl ketone (l)enzdin), ami
trioxyacetophenon (gallacetophenon), together with their bromo- and nitro- deriva-
tives. See U.S. P. 410205, 4102(X>, 1889; 528812, 1894.

2. Badische .\niline Co., D.R.P. 176474, 1905; P.P. 363846. 36.V297. 190«-.:

«-methyIacettetrachloranilide and iKMizylacetptMitachloranilide were found to melt
too high and to be only slight solvents of pyroxylin.

3. Badi.sche Aniline Co., F.P. 363848, 1906; cf. D.R.P. 180208, 1905, being
mixed 30% with pyroxylin. See F.P. 36;i;846, 1906.

4. Badische Aniline Co., F.P. 366106, 1906, in which by the method of prepar-
ation given, acetyltrichlor-o-phenylenediamine and ethenyltrichloniinidine. also
suitable, are fonned.

5. J. Schmerber, F.P. .340268, 1904.
6. Chem. Fab. Weiler Ter .Meer, F.P. 341.'>5<i, 19(M. Tlie(li«in. labrik (.r»is-

heim IClektron (I'J.P. 15855, 1909) replace caujplior by dihydroxydiplienylsulphone.
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It is well known that camphor in conjunction with chloral hydrate,

butylchloral hydrate,* chloral alcoholate, phenol,^ creaol; rosin

and naphthalene;^ resin and castor oil,^ rosin* and various other

Ixxlies, form homogeneous mixtures, and that the solvent action of

camphor is not appreciably impaired when small amounts of resins

etc., are adiletl. However, it also appeared that celluloid containing

tfiese bodies upon storage, often developetl on the exterior an opalescent

bloom from the resin and similar bodies coming to the surface, and

this wius apparent when as small amount as 5^^ of the camphor had

l)een sul)stitute<l. Chloral is precluded on account of odor, toxicity

ami cost.*^ A numl)er of other Iwdies have l>een proposed from time

to time, and patents are pending on many more. Among these may
l)e mentione<l the ricinoleates ^ and sulphoricinoleates,* typi.fied by

the magnesium ester; ethyl stearate,® ca.*<tor oil;'** acetdichlorhydrin,

(liacetchlorhyilrin. and monoacetmonochlorhydrin;" ethyl-, glyceryl-,

1. L. I^icrcr, l-.P. 377010. 1907; D.R.P. 22022S, 1907. The odor of chloral

hy<lrat<» has l)oen found to l)e the greatest objection to ita use, provi«led it could Imj

proiJuced at a cost which would compete in price with camphor.
2. E. Ziihl, U..S.P. 700884, 1902; E.P. 271H8, 1900; also claims the carl)onic

esters of phenol.
:{. L. Arfiezcarme, F.P. .372512, 1906; with a mixture of rosin and naphthalene,

the nia.-vs U'lng more plastic the greater the jiercentage of naphthalene. Clillet

(F.P. :i.V2S.>i, 1{M).>) uses colophony alone.

4. C. (Jillet, F.P. 38-2270, 382350', 1906.

5. C. Cillet, F.P. 352S.53, 1905; J. McClelland (U.S.P. .366231, 1SS7), ha.s

descrilx?<l the emplojTnent of kauri. Daminara, aiul dammar resins for this purpos**.

It is difficult to overcome the tendency to lirittlencss in plastics containing these

resins, even hy the adilition of castor or other oils.

6. ZiihlandEisemann, D.R.P. 177778,1904; Au.st. P. 9.->.'>7; 13838, 1903.

7. E. Peyrusson, F.P. 374395. 1906.

8. E. Peyrusson, First .\ddition, 1907, to F.P. 374.395, 1906; abst. J5.C.I.,

1907, 26, 776.

9. Soc.-\non.Nouvelle" L'Oyonnithe," F.P. 387179, 1908; the formula suggested
l)eing ethyl stearate Hi, alcohol 20, acetone 14, mixed with cellulose nitrate 50. For
use of chlorinati-il stearic aci<l, see U-S.P. 962877, 1910.

10. .\s.sadas F.P. 3S75;i7. 1907. J. Gold-smith and British Xylonite Co. (E.P.

l.'>914. IS'.M; D.R.P. 1397.38, 1904) replace camphor by aciil or neutral esters

«>f .sei)acic aciil, or the pnxlucts obtained by the oxidation of castor or cocoanut

oil with nitric acid and esterifying the mass with methyl alcohol. Methyl and
ethyl sel>acate are specifically claimed. Acconling to P. Bretau and 11. I.,eroux, (F.

P. -10;)5.i7, VMY.)) compositions adapter! for u.se instead of celluloid are obtaine<l

by replacing the natural or synthetic camphor usetl in the manufacture of onlinarj-

celluloid by an equal amount of any of the following sul>slances: aromatic alde-

hydes, such as pure or commercial lienzaldehyde, ami ht)mol()g()us alkylated or

arylate*! derivatives, hytlroaronuitic ketones, such as hexahvilrolx'nzylketone.

tetrahydrolwnzylketone and their alkylate<l homologues. hydronaphthylketones,

tlie complex mixture obtained by oxidation of the pro«luct resulting from the cat-

alytic hvilrogenation of cru<le phenols, or mixtures of the alxive sulwtances. Simi-

lar pnxlucts are also obtained by replacing the nitrocellulose useil in the proiluc-

tion of onlinarj' celluloid by organic or inorganic acid esters of nitrocellulose,

hydrocellulose or oxycellulose, or by a mixture of these various esters, with or

without nitrocellulose.

11. J. N. Coldsraith, E.P. 22662. 1901; D.R.P. 125315. 1900; includes also

diphonyl phthalate; D.R.P. 127816, 1906. See E.P. 13131. 1900.
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phenyl- and crosyl-p-toluene sulphonatcs and p-toluene sulphethyl-

anilide;^ methylnaphthyl, dinaphthyl, methyloxynaphthyl, dioxy-

naphthyP and tlihydroxydinaphthyl ketones have been advocated.^

Ethylidene-, l>enzylidene- and tolylidine-diacetic esters;^ cyclohexanol

or cyclohexanone.^

Triphenyl.-, tricresyl-, and trinaphthyl-phosphates,** their halogen

substitution products ;7 triphenyl-, tricresyl-, and trinaphthyl-thio-

phosphates;® diphenyl-, dicresyl-, or dinaphthyl-phosphoric acid

anilids, or phenyl-, cresyl-, or naphthyl-phosphoric acid dianilids;^ and
esters of phenyl-, cresyl-, or naphthyl-phosphoric acids. ^^ Tetranitrodi-

naphthyl-, and monochlortriphenyl-phosphate,^i or tricresyldinitrotri-

naphthyL- and dichlordiphenyl-thiophosphate ^^ have been suggested,

coml)ined with the idea of, at the same time, decreasing inflamma-

bility by the introduction of the inorganic acid radical. The esters

and anhydrides of phthalip and phthalonic acids, especially mono-
ethyl- and diethyl-phthalate,i3 ^re more costly than camphor, as

1. Meister, Lucius and Briining, E.P. 25434, 1899. C. Boehringer & Son (D.R.P.
214962, 1906) have observed that the property of dissolving nitrocellulose is pos-
sessed to a large degree by the cyclic acetals, also the condensation protlucts of
ketones or aldehydes with polybasic alcohols, so that the said bodies are applicable
as substitutes for camphor in celluloid manufacture. Under polyl)a.sic alcohols
is understood only pure polyhydroxy compmunds of the general formula
C'Il20II.(CIIOH)x.CH20n, wherein x may be naught.

2. Zuhl and Eisemann, D.R.P. 122166, 1900; they are used in about the
proportion of 1 of ketone to 2..') of pyroxylin by weight.

3. E. ZiUil, E.P. 20723, 1900.

4. D.R.P. 174259, 1904; Addition to D.R.P. 172966, 1904; in D.R.P. 173796,
1905, l>eing first addition to D.R.P. 128120, 1901, claim is ma<le for the process
of preparing celluloid-like compounds, wherein the phosphoric acid esters used in

the original patent as a substitute for camphor are superseded by the prtxlucts
of the reaction between phosphorus oxychlorides or phosphorus trichloriiles or
phosphorus thiochlorides, and dichlorhydrin, or mixtures of the.se reaction products.
The resulting compounds are oily masses, said to be insoluble in water and very
readily soluble in alcohol.

5. F. Raschig, U.S.P. 900204, 190S; D.R.P. 174914, 1905.
6. Ziihl & Eisemann, D.R.P. 128120, 1901; Russ. P. 7848, 1903; Pharm.

Centralh. 1902, 43, 115; E. Ziihl, E.P. 8072, 1901; 23445, 1<M)2; E.P. 3()1t'.M)2

1901, and First Addition thereto dat^d Feb. 22, 1902; aljst. J.C.S.I., 1902, 21,
65,719.

7. Ziihl & Eisemann, D.R.P. 142832, 1901, the products specifiwl Ijeing neu-
tral dichlorphenol-, tetrachlorphenol-, dichlorcresol-, dichlomaphthol-, ami
tetrachlornaphthol-phosphates.

8. Ziihl <!fc Eisemann, D.R.P. 140164, 1901; Russ. P. 8893, 1904.
9. Ziihl & Eist'inann, D.R.P. 144616, 1902.

10. Ziihl & Eisemann, D.R.P. 142971, 1902.
11. Ziihl & Eisemann, E.P. 4383, 1902. They have also patented (D.R.P.

1395.S«t, 1900; Ruas. P. 8855, 1904) carl)onic esters of phenols, cre.sols, and naph-
thols (diphenyl carlwnate. dicresyl carbonate, and dinaphthyl carbonate); metliyl-
and l)enzyl-oxanilates (D.R.P. 128119, lUOl); moiuv or poly-halogen 8ul)stitu-
tion prcKlucts of aromatic compounds (dichlorbenzol, monochlomaphtiialin)
ill their D.R.P. 128956. 1902.

12. E. zuhl, E.P. 872, 1901; 4383, 1902; abst. J.S.C.I., 1901, 20, 74: 1902.
21,65.

13. E. Ziihl, E.P. 4326, 1901; F.P. 3aS372. 1901.
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also are the oxalic and oxamic esters.^ Diacetylacctic-l>eiuyli(lene

ether 2 is not to be found in Beilstein or Kichter's "Lexicon";
naphthalin^ with its moth-ball odor, is difficultly soluble in alcohol;

l)enzylidine diacetate,^ m- and p-monochlorl)enzylidene diacetate and
Ijenzylidene mono- and di-acetoacetate, all melt under Ki°, and have
a iK'culiar odor; phenyl formate, propionate, tartrate, and citrate

all possess the characteristic phenol odor* and at present are but
chemical curiosities; naphthyl acetate,* amylidene dimethyl ether,

amyUdene diethyl ether,^ and dihydroxydiphenylsulphone* have
characteristic and repulsive otlors. Dextrine® and glucose, levulose

an<i lactose, are water-soluble,*° and hence of no value in celluloid

intended for collars, cuffs, or other uses where the material would be
exposed to water or the elements.'* '2 Some of the above-named

1. E. Zijhl, F.P. 309963, 1901.
2. (•Ia<>s«en, F.P. 36;J0«K), liK)6; in D.R.P. 178133, 1906; E.P. 20037, 1906,

is claimed urea in which all hydrogen atoms are replaced by organic radicals.
Examples, as diethyldiphenylurea (m. pt., 54*); 5-diethyldiphenylurea (m. pt., 79°),
aixl tetraphenylurea (m. pt., 183°).

3. J. Chauljet, E.P. 13287, 1899; F.P. 292983; Graph. Beob. 9, 219; Am.
.\p<»th. Z. 21, 31; Pharm. Centralh. 41, 317. .\Iso patented by Soc. den. pour
ia fuhr. des .Mati^res Plastique (D.R.P. 117542, 1899). See Ui>.P. 513197. The
Rheiuische (lummi- u. Zelluloid Fabrik (D.R.P. 1404SO, 1902) Yi&ve patented the
following naphthalin derivatives as camphor substitutes which differ from naph-
thalin in lx*ing o<lorless. and otherwbse are as efficient. They are a- and 5-phenyl-
naphttialin, a- and ^-l)enzylnaphthalin. a- and 5-dinaphthvl, and a- and ^-naph-
thylmethane. a- and ,9-naphthyl acetate (Zuhl & Eisemann, D.R.I*. 118052, 1900)
are also odorless, and have Ijeen patented to replace camphor.

4. C. Claessen, D.R.P. 172966, 1904, and First Addition, 174259. 1904; 173020,
1901; F.P. 363090, 1906; the cellulose nitrate is treated with a solution of 3.5 k.

of the Ijenzvlidene compound in 10 1. alcohol and the mass rolled at a temperature
U'tween 60 1KJ°. In D.R.P. 118052, 1900, Ziihl & Eisemann replace camphor
l>y n- or ,.9-naphthyl acetate, which is odorless, ethyl alcohol being the solvent. In
l> Ic I'. ll'HilW, HKM), they claim esters of naphthoxylacetic and phenyloxylacetic
:ici<ls. and submit the following as the desirable combinations: 1.5 k. phenyloxyl-
acetic acitl with 10 k. nitnx^ellulose; 3 k. amyl naphthoxylacetate with 6 k. nitro-

cellulose; 50 k. naphthyl naphthoxylacetate, C,oH/K'H,('0<X',oH, with 100 k.

iiitrocelluloee. See also the celluloid-like masses of ('. Claessen, Aust. P. 253.35,

27060, 1".HJ6.

5. E. Zahl, E.P. 17948, 1900.

6. E.P. 11761, 1900; has a very powerful and distinctive odor.
7. E. Franquet, F.P. 312817, liWl.

8. A. C;. Bloxam, E.P. 15855, 1909.

9. D.R.P. 16S497, 190:i.

10. D.R.P. 140155, 1902; 168497, 19a3.
11. The Badi.sche Aniline Cx). have patented (E.P. 8077, 10228, 1906), the use

of certain polychlor-anilines and -amidines, as camphor substitutes, giving methods
rrf prenaratioti and melting points of ethenyl-, methenyl-, methvlmethenyl-,
ethyletncnj'l-, beniylethenyl-, lienrenyl-, and methylmethenyl-trichloramidine;
monoethylacetyl-, monomethylacetyl-, ethyll)enzoyl-trichloranili«le; as-methyl-
acetyl-, a-benzylacetyl-, l)enzyll>enzoyl-, and »-l)enzylacetyl-tetrachloranilide.

Also (D.R.P. 180126, 1906) amidines derive<l from aromatic o-diamines. there

being specifie«l methyl-o-toluylene diamine (m. pt^ 113-11.7°); ethylethenyltrichlor-

o-phenylene<liamine (m. pt., 116-117°). obtained by the reduction of ethylacet-o-

nitrochloranilide and methylethenyltrichloramidine (m. pt., 120-121°) obtained by
methylating the sodium salt of trichlorethenylamidine.

12. Meister, Lucius and Bruning. E.P., 25434, 181»9; D.R.P. 122272, 1899;
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products are either imperfectly descril^ecl, of much higher cost than

camphor, or of no apparent value for the use intended. A number
fall under the latter heading, and appear to indicate—in the absence

of more detailed methods of application—a lack of knowledge of the

application of solid solvents in the intricate processes of conversion

and gelatinization to which the pyroxylin is subjected in the various

transformations from pyroxylin into the finished plastic.^ In the

U.S.P. 758335, 1904, liave evolved a series of camphor sjibstitutes, in which aro-
matic sulpho acids of the general type R-SO^A are used to partially or wholly
replace the camphor. In this formula, R represents an aromatic radical or its

substitution product—such, for .instance, as pnenyl, tolyl, xylyl, naphthyl, nitro-

phonyl, nitrotolyl, alkyloxyphenyl, etc.—ana A indicates either an aliphatic or
aromatic ether residue, such as oxvalkyl or residue of mono or polyvalent alcohol

—

for instance, CH.OH, CjHjOH, C^HjCHjOH, CH2(0H)-(:H(0H)^:Hj(0H), et<;.—
and oxyalphyl or residue of a monovalent or polyvalent phenol, such as phenol,
naphthol, cresol, resorcinol, dioxydiphenylmetnane, etc., or a NHj group, which,
non-suhstituted, may l>e substitutetl once or twice. This is an exceedmgly im-
jH>rtant group known under the general name of Plastol. The meml)ers constitut-
ing it are of more interest at the present time than when they were patented, due
to the fact that several have l>een found to be latent solvents of acetylhydrocel-
luloses and acetyloxycelluloses. The most important of this group are a.s follows:

l)enzenesulphamid, p-toluenesulfamid, p-chlorsulphamid, benzenesulfoethylamid,
l)enzenesulfodiethylamid, p-toluenesulphoethylamid, p-toluenesulfodiethylamid,

acetlienzenesulfamid, acct-p-toluenesulfamid, benzoyU)enzenesulfamid, lx?nzoyl-

loluenesulfamid, dibenzylbenzenesulfamid, dibenzyl-p-toluenesulfamid, dilienzyl-

-/>-toluenesulfoimid, dil^enzenesulfoimid, benzenesulfanilid, p-chlorlienzenesulf-

anilid, dibenzyl-/)-chlorbenzenesulfanilid, p-toluenesulfanilid, dibenzyl-p-toluene-

sulfanilid. Bonzenesulfo-methylanilid. -ethylanilid, -o-toluid, -p-chloranilid, -o-

phenctidin, -7>-phenetidin, -a-naphthylamin, -/?-Daphthylamin, and benzenesulfo-

diphenylamin. r)-toluenesulpho-methylanilid, -ethylanilid, -o-toluid, -p-toluid,

-m-xylidid, -p-ciiloranilid, -o-phenetidin, -p-pheneti<lin, -a-naphthylamin, -/?-

naphthylamin, -diphenylamin, -phenylhydrazin, -acidphenylether, -cresol, -^-

naphthol, -a-naphtnol, -acidethylcster. Benzenesulfo-acidphenylether, -p-cresol,

-,9-naphthol; <libenzenesulfo-2.7-tli()xynaphtlialin, />-chlorl>enzenesuIf<>-;9-naphthol,

<li-/)-sulfo-2.7-<lioxynaphthalin, /Mihlorbenzenesulfanilid, /)-toluenesulfamido acetic

acid, />-toluenesulfami(lo ethyl ester; o-, />-, r«-amidosulflH'nzoic acid; o-, />-, m- sulf-

amidoethylester. The melting points of these sixty-three compounds are within the
range of pyroxylin decomposition with but few exceptions, and the melting point may
be materially lowered in a numl)er of instances by mixing two or more m various

proportions, as for in.stance, a mixture of /)-toluenesulfamid (m. pt. 137°) and
/)-toluenesulfomonoothylamid (m.pt. 58°) gives a series of melting points at any
tlegree Ijetween these two extremes.

The Rhenische Gummi- & Zelluloid Fabrik (D.R.P. 14aSS5. 1«K)2) replace

camphor by glucose, levulose, and hvctose; in D.R.P. 16H497, 1003, bv sugar and
dextrin, and in D.R.P. 140203, 1902, by acid esters of the above. Those which
have l)een fotuid suitable are, acotfX'hlorhydrose, glucose dibutyrate, glucose

distearate, gluco.-*^ ditartrate, glucose tetratartrate, glucose diacetate, tri-. tetra-,

and oct-acetyldigluco.se; pentacetyllevulose, tetracetyllactose, lactose tartrate;

saccliarose mono-, tetra-, -liepta- and saccharose octa-acctate. See U.S.P. 366231,
l.s.^7.

1. J. N. Gold.smith (E.P. 13131, 1900), proposed acetin or any acetic est«rs of

glycerol, acetochlorhydrin, Iwnzicin or the l)enzoic esters of glycerol, methyl, ethyl,

propyl, butyl and amyl phthalates and succinates, pulegone as found in oil of

pennyroyal, thujone as obtained from thuja oil, and although it is admitte<l they
are more costly than camphor, a lower volatility an<l greater solvent efficiency

is claime<l. See E. Zahl, E.P. 10213, 1901; P.P. 310942. 1901; Weiler Ter Meer,
E.P. 16271, 1906; G. Z., 1908, 23, 20, Dec. 4, gives r<5sum6 of camphor sub-
stitutes patented.
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amount of money exjiendetl an<l the time, energ}' and patience brought

to bear in attempts to discover the e<|ual of camphor a« a solid an<l

latent celhilosc nitrate solvent, this problem ranks in importance

with the catalytic pnxliK tioii of sulphuric acid, or the commercial

synthesis of indijiotin. Its successful solution would revolutionize

the present metho<ls of pyroxylin plastic formation. While whole

series of camphor 8ul)8titutes may be abandoned for years as unsuitable,

some chemist may (Hscover a substitute, perhaps of little value in

itself, but which, when combinetl with a previously discardetl prod-

uct, may give those desirable results that will amply repay for all

the toil and expense of the previous work.

Lowering the Melting Point of Camphor. The principal

objection to the use of camphor is its high melting ppint, and which

is :il)ovo the decomposition point of pyroxylin. So much heat is re-

(luiicd lo mold the camphor-pyroxylin compounds that there is always

a tendency to discoloiatioii and increaseil liability to decomposition.

Hyatt early realized this fact and atlde<l small amounts of ethyl alcohol,*

while others addetl turi)entine,2 paraffin,^ and castor oil.^ This dif-

ficulty to a certain extent has been overcome by leaving in the plastic

a small amount of alcohol or other low-l)oiling solvent, and this lowers

the melting-point of the camphor and permits the manipulation of

the compounds without destroying the good qualities of the material.

There is such a wide difference, however, between the volatility of

camphor and the liquid menstruum or menstrua employed, that it

is «lini( ult to control the plastic properties by such means, because

the relative proportion of camphor and liquid solvent varies accord-

ing to the conditions of evaporation or seasoning. All the previously

described camphor substitutes, no doubt, have some peculiar or in-

herent merits, often not disclosed in the literature, and difficult to

infer. All are important in that a combination of two or more may be

discovered which when combined in definite proportions, may lower

the melting point of camphor to a readily workable temperature

and still preserve its other good points. Combinations of camphor

and other Ixxlies in respect to their combined melting points are analo-

gous to thase alloys like Rose's metal—their combined melting point

caimot l)e determined in advance, is not a mean of the several melting

points, and may be even lower than either of the constituent ingre-

dients.s While many of the previously noted camphor substitutes

are undoubtedly intended to lower the melting point of camphor,

1. ri?.P. 156352, 1874. 2. D. Spill, U.S.P. 91377, 1869.

3. C. Reagles, V^.P. 173S65, 1876. 4. D. Spill, U.S.P. 974.M, 1869.

5. .\s an example, chloral hydrate (m. pt., 57°) or phenol (m. pt., 43°) when
mix^ in equal amounts with cajuphor (m. pt., 175°) form a liquid of m. pt. lower

than 10°.
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it appears that J. H. Stevens was the first scientist to make an ex-

haustive study of the substitutes from the sole point of view of lower-

ing the melting point of camphor. It was the ol)ject of Stevens'

inventions to always include camphor, i.e., as an adjunct rather than a

substitute, and to form pyroxylin compounds in such a manner that

their plasticity is independent of the presence of liquids in the plastic.

To accomplish this, certain solid substances were employed, always

in conjunction with the camphor, and which possessed the power of

forming with the camphor and pyroxylin, compounds which are plastic

at much lower temperatures than if they were omitted. The solid

substances proposed by him combined with the camphor to form u

solid solvent, i.e., a solid which when melted by heat actively dissolved

the pyroxylin. Dinitrotoluol,^ naphthalene,^ dinitroxylol,^ p-nitro-

toluol,"* camphene hydrochlorate,^ p-acetxylid,^ and the cry.stalline

pyrazolone derivatives "^ were disappointing. It was found that

d methylhydroquinone,thymoquinone, thymol, benzoylguaiacol,® .salol,^

betol,^*' naphthol benzoate,^^ salacetol,^^ and benzoic anhydride ^^ pro-

duce valuable effects that cannot be obtained with camphor alone.'

^

1. Best results are obtained by using molecular quantities with camphor, l)ut

its yellow color was found to l)e a serious disadvantage. See UiJ.P. 5426U2, 1895.

2. U.S.P. 543198, 1895. Of practically no value.

3. U.S.P. 553270, 1896; of the isomeric dinitroxylols, the adjacent mcta.
(1:2:3:4) and sym. meta, (1:3:4:6) are considered the l)etter solvents; m-trini-

troxylol is to Ije avoided, hence in nitrating xylol for this purpose the temperature
should be kept down.

4. U.S.P. 552209, 1895. An extremely low melting-point or softening point
may lie produced with this, and one which is workable in water sufficiently cool to

stand immersion of the hand.
5. U.S. P. 552934, 1895, turns the plastic yellow in time, and liberates HCl

on storing.

6. The 0-, TO- and p-xylids are difficult to work, and produce very hard plas-

tics. They are used in Umited amounts only, and for especially hard effects. See
U.S.P. 564343, 1895.

7. U.S. P. 566349, 1895. Antipyrin (dimethylphenylpyrazolon), tolypyrin
(tolylphenyldimethylpyrazolon), salipyrin (antipvrin salicylate), and tolysal

(tolypyrin salicylate) were the only ones tried which gave any promise.
8. U.S. P. 607554, 1898, dimethylhydrw]uinon, thymoquinone, thymol and lien-

zoylguaiacol, being the compounds which lowered the melting point of camphor.
9. Salol is a colorless, crystalline powder, without odor when pure, and may he

used for colorless and odorless plastics. An odorless camphor substitute as salol

or acetanilid is superior to camphor for certain uses, as for instance in water-
proofing boxes intended for cosmetics, soUd fruit essences, flavors and candies,

where the " vile " smell of camphor must be overcome. Methyl and ethyl ace-
taniUd, especially the former, have been used considerably for this purpose.

10. U.S. P. 572134, 1896, betol or naphthalol, is colorless and crystalline and
considerably lowers the m. pt. of camphor.

11. Orbenzonaphthol. Betol and naphthol l)enzoatc form pyroxylin compounds
which, when seasoned, are posse.s.sed of more moderate plasticity under heat, as a
rule, than mixtures made with salacetol or Iwnzoic anhydride.

12. Resembles salol in action and posse.s.ses additional advantage of being a
solvent in itself in the meltctl state. It forms colorless products.

13. Ea.sily soluble in wood alcohol and acetone, a latent pyroxylin solvent,
colorless, crystalline.

14. U.S.P. 568104, 1896, J. Stevens and P. Axtell.
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Methyl, ethyl, propyl, butyl, and amyl carbanilates were de8cril>e<l

and patentetl in 1S%.' Continuing the research, the next year the

crystalline chloritlcs of toluol and nitrochlorides of Ijenzyl,^ and the

crystalline chlorides, lnomides, nitrochlorides and nitrobromides of

benzene were invest i;; jjted ^ and their uses as adjuncts to camphor

made known. Alkyl citrates,* carbonates,* and cc;tain cryst-illln"

organic sulphur compounds,* it is claimtnl, all have distinct ativantng s

in special combinations and in the production of plastics of dofini'c

physical requirements. If the melting jjoint of an odorless bo<ly act-

ing like camphor could be loweretl to alwut GO**, and obtainable at

alx)ut the present price of acetanilid, celluloid manufacture would

receive an immediate and decideil impetus; and going a step further

—if at the same time the inflamnuibility was reduced to a point not

greater than cotton cellulose, the ideal goal of the pyroxylin plastic

producer would Im? attained.

1. The s«>Ivent property of th<'<»' iiretlianes decreases with an increase of mole-
cular weight.

2. l'>*.P. 58351G, 1897; o- or p-nitrol)enzvl chlorido wa.s foun<l most efficient.

:i. The crj'staliine phenoibromides and pheuolchlorides, naphthalene chlorides,

and camphor bromide (monobromcamphor) are all incline*! to yiel«i yellowi.sh

[)roilucts, and phenoltrichloride, on account of a slight acid reaction, is apt to

>leach out delicate tints.

4. Ui^.P. oGHlOo, 1896. Trimethyl-, triethyl-, tripropyl-, and tritaobutyl-

citrates. trichlorethyl citrate and acetyltriethyl citric ether, all are latent solvent.s

of pyroxylin, employctl Ix'st with a strong solvent like wooil spirit, their special

value lying in the fact that the compounds made with it are not easily affected

by alc«>hol or other compounds which rea<lily attack pyroxylin mixtures on account
of their affinity for the solid solvent prestnit.

5. The alkyl carbamates have low melting points, gradually attending from
methyl carbamate 52*, to amyl carljamate 60°. The pla.sticity of the seasonal

products decrease with increa-se-.l mol. wt. .Ml are readily soluble in methyl alcohol

and amyl acetate. Ethylidine uretliane. I)enzyl carl>amate, neurtnlin (acetyl-

paraoxj-phenyl urethane) or thermo-lin (acetylparaethoxj'phenyl urethane) give

with camphor, products of very easy plasticity. For properties of the mi.xetl

carlmmates see r.S.P. 568106, 1896.

6. U.S.P. 5721.'i5, 18%, and comprising trional (diethylsulfonmethylethyl-

metliane), sulfol)enzid (diphenylsulfon), sulfonal (diethylsulfondiraethylmethane)

and sulfocarbanilid («-diphenylt niocarl>amide) . The Chem. Fab. Griesheim-. lek-

tnm replaces the camphor by di;>xydiphenyLsulphone. which has a marke<l gelatin-

izing effect on nitrocellulose. Perhaps someone in scanning the list of suggeste<I

and patented direct and latent pyroxylin solvents herein recorded may be le«l

to combine them in manner or proportions now unknown, and thus a<l«l a new
field of usefulness to the cellulose nitrate arts. Taking a retrospective view of the

varioas chemicals and classes of Ixxlies which liave \)cen brought forward as

camphor substitutes of value in pL-v^tic formation, and which have l)een enu-

mer.ite<l herewith, we see that just as the liquid pyroxylin solvents of value are

comprisetl in but comparatively few groups, i.e.. alcoholic, ketonic and aliphatic

esters, so also the solid and latent solvents may be reduceti to a simple classifica-

ti«>n as follows: (1) Camphor, followe<l by various bomeol. boniyl and allie<l

derivatives, all closely related to camphor. (2) The acetanilid group, perhaps

next in importance, and including tne amido and imido lienzene group. (3)

The ptastul group, which is iK>ing brought into prominence at the present time as

containing meritorious cellulose acetate kitent solvents. (4) Tne heterocyclic

ketones. Nearly all the Ixidies which have passetl the experimental stage as

camphor substitutes may with propriety be classified in one of the above four

groupings.



CHAPTER VIII

PAINT AND VARNISH REMOVERS. TURPENTINE SUBSTITUTES

Many compounds are to l)e obtained for removing old paint,

varnish, and enamel from wood and metal, which, in general, owe

their efficiency to the presence of corrosive acids or caustic alkalies.

They are usually aqueous solutions or emulsions of the more common
inorganic ^ or organic ^ acids, or the hydroxides or carlwnates of the

alkali or alkaline earth metals.^ It is customary to combine the

above with a thickening agent * to retard evaporation, and cause the

mixture to more readily adhere to a vertical surface. The paint is

removed by actual decomposition and disintegration, and the surface

to which the preparation has been applied may be so attacked as to

be in no condition for recoating without separate treatments to counter-

act the effect of the paint-removing composition. With those woods

containing large amounts of natural coloring matter, such as cedar,

juniper, chestnut, mahogony, ebony, rosewood, or walnut, the acid

or alkali may so affect the color and graining as to necessitate a re-

dressing or staining.

Disintegrating Paint Removers. Under the general name of

Tologen,? a series of paint removers appeared in England in 1886 con-

1. Nitric, hydrochloric, sulphuric, or phosphoric acids.

2. Acetic, formic, butyric, oxalic, tartaric, citric, or trichloracetic acids.

3. Sodium, potassium, ammonium, barium, strontium, calcium, magnesium.
4. Glycerol, treacle, glucose, starch, flour, dextrin, acacia, tragauanth, tallow,

lard.

5. de Liebhal>er, E.P. 4737, 1886; the recent (U.S.P. 897862, 1908) process of

G. Hull is, in many respects, similar to the older Tologen patents. He propos<\s

to use: Potassium cyanide, 1 lb.; oxalic acid, 2 lb.; wtiiting (commercial calcium
carbonate), 3 lb.; wood alcohol, 1 qt.; water, 3 qt.; oil of sassafras, 2 fl. oz. The.s<^

ingredients are to lie thoroughly mixed by agitation. The potassium cyanide
is first mixed in 1 qt. of hot water (100°) until it comes to dissolution. The oxalic

acid is then mixed in 2 qts. of hot water (100°) until it dissolves. After the
ingredients have been dissolve<i, they are poure<l into a vessel and agitated until

both liquids are thoroughly mixed together. Next, the whiting is stirretl hi cohl
water until it becomes of the consistency of paste, after which this floating portion
of the paste mixture is added to the mixed solution of potassium cyanide and
oxalic acid, and the whole mixture then agitated until all effervescence ceases.

The various ingredients, by the irreactions, produce calcium oxalate and a limited

quantity of calcium cyanide.

260
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listing of lime, sodium carbonate, oxalic acid and potassium cyanide.

Notwithstanding the poisonous nature of the cyanide, it is said that

they had an extensive sale. The paint-removing formula of Staley *

consists in first applying a thick mixture of caustic potash, com meal

and yellow ocher, after which aqueous oxalic acid and Venetian red

ia the form of a paste is rubbed on the denudetl surface. Hope ^

prefers to mix air-slaked lime with aqueous sodium carljonate, thus

forming calcium carbonate, to which paraffin oil is added in the pro-

portion of 3 lb. each of the lime and soda ash and 2 oz. of the latter.

The object of the oil is undoubtedly to retard evaporation during

the penetration of the uucombined soda ash, although not so

stated.

Eliot * advocates a similar mixture, but replacing the paraffin oil

by flour to increase the viscosity of the mixture. With the prepara-

tion of A. Neidhardt,"* cabinetmakers' glue 7, tallow 1, and starch 2, arc

united with coloring matter. C. Beck* combines salt 1, with lime 5,

and sodium carbonate 1 , and adds 30^^, water, after which the mixture

is to be heated just before use. According to the observations of

Oakes * and corroborated by Brentini,^ Irish moss is of distinct value.

The former reconmiends 8% moss boiletl with o(K
f,
sodium hydroxiirle

solution 40*^ Be. strength, and an. equal volume of potassium hy-

droxide added when cold. The latter claims, to have obtained l>est

results by taking 4 lb. moss, 3'
^ each methylated spirits and fullers'

earth, and 3(Kti water, after which 10' ^^ each sodium and potassium

h\ (liDxidea are added. Both preparations give l)est results when used

cold."* In removing paint from a smooth metallic surface. Firth ^

recommends treating the metal with a hot bath of dilute sodium and

pfjtassium hydroxides, followed by a thorough washinj; and quick

drying, that action of the alkalis on the metal may be retluced to

the minimum. '°

1. Ui5.P. 67:i665, 1901. 2. U.S.P. G83177, 11K)1. C. I'.P. :«(»(j7:{. l'.H)5.

4. UaS.P. S1635». llK)o. 5. U>?.P. 74*127, 11K«.

6. E.P. 10301. 1888. 7. E.P. 113!)S. 1SS.S.

8. Many absurd processes are to be found among the Patent Office Records
of the various countries, as, for instance, Ui^.P. 721150, 1SK)3, containing a com-
bination of horse, cow, chicken and human excrement with lye and flour. See
also U.S.P. 7-2;«)89, 1903.

9. J. N. Firth, E.P. 5541. 1902.
10. Among the other methods devised where actual decompositicm of the paint

w necessary to its removal, are the processes of (5. W. Honeymoon (K.P. 3617,
1870) which consists in boiling oak w(x>d with s<Mia a.sh and lime and a4l<ling oxalic

acid, ammonium oxalate and sulphuric acid; .M. Benwlictus (E.P. HMKM). 1886)

employs water 2.}. flour 4, Iwrax or alum 1, soap 4, and caustic potash and soda,

together 11; E. Tessen, (E.P. 17544, 181»4) obtainftl l)e8t results with an emulsion
of linseed and paraffin oils, with lime, soda and potash, starch being added to

thicken- Baron de Liebhaber (E.P. 4940, 1895), caused slaked lime to act <m
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Solvent Paint Removers. It appears that in 1885, E. Compton,

an English inventoi/ first embotlied this idea in a patented process,

which consisted in applying by brushing, a mixture of glycerol, oil

of citronella, olive oil, naphtha and lard, and afterwards removing

the mixture and disintegrated paint by wiping. The principles upon

which the foregoing process is based, followed by the improvements

to be described, rendered obsolete the mechanical and destructive

removers noted alx)ve, which are now being rapidly replacetl by a class

of solvent paint removers—neutral mixtures of rapid penetration

—

which not only actually disintegrate and soften the paint or varnish

substance without affecting the structure of the wood or metal under-

neath, but possess the additional advantage of containing no water

to rust a metallic surface, or raise the " grain " or warp a glued or

veneered exterior. With but few exceptions they are entirely organic

in their composition, and do not act upon the utensils or affect the

hands of the manipulator. It is apparent, therefore, that these prep-

arations may be used on the most delicate or costly woods with no

danger of injury whatever. When nitrobenzene enjoyed more favor

as a pyroxylin solvent, H. Crowther combined it with benzol, the

low volatility and excellent dissolving power of the former liquid

undoubtedly producing an efficient combination, the principal draw-

back being the odor. The formula of G. L. Ball 2 was benzol, alcohol

and fusel oil, and this appears to be the first mention of fusel oil for

this use. Other patented processes embracing the idea of the solvent

action of the remover, and without disintegrating the paint, have

been obtained by Priestman,"'' Gill,^ Eberson,^ Adams and Elting ® and

Osbom,'^ and are combinations of neutral solvents in varying pro-

portions.

The investigations of Carlton Ellis resulted in the production of

a paint and varnish remover of this class, which has received protection

soda ash, cryolite or sodium fluoride, which, when moistened, liberated caustic
soda, the nascent alkali removing the paint; H. J. Haddon (E.P. 15140, 1S9S)
preferred sawdust as the thickening agent, with a mineral oil and caustic alkali.

(See also A. Klee, E.P. 14114, 1900; G. Willock, E.P. 16930, 1901; A. Corti, E.P.
21103, 1903.)

1. E.P. 11428, 1885. 2. E.P. 14884, 1896.
3. U.S.P. 705139, 1902, a combination of fusel oil 1, with kerosene 2, atjua

ammonia 2 (strength not specified), sal sotla 20, and water 40 parts.

4. Mixture of spermaceti and mineral, Japan or camauna wax with methyl
alcohol and benzol, toluol, or xylol (E.P. 22427, 1902).

5. E.P. 18300, 1903; 55% alcohol, 25% carbon bisulphide, 20% bensol with
a small quantity of wax added to minimize evaporation.

6. E.P. 16060, 1903; a surface removing composition of paraffin with bcnxol
and acetone, the paraffin l>eing added in a molten condition.

7. E.P. 14974, 1903, consisting of amyl acetate, benzine, bciixol, paraffin, and
carbon bisulphide.
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in U. S. Patent 714S<SO, of Decemlier 2, 1902. Ellis ha« apparently

retlucetl the problem to a scientific basis which has been formulated

on the following principle: (1) a wax or waxy l)ocly is dissolved in

(2), a hydrocarbon or other suitable solvent, with the subsequent

precipitation of the wax in a gelatinous state by the addition of,

(3), an alcoholic Ixxly miscible with the solvent, but practically a non-

solvent of the wax. Tor solvents may be suggested benzol 50%, 90^/o,

or crj'stallizable, or its homologues toluol or xylol, aniline and its

homologues toluidine and xylidine, cumol and mesitylene, lutidine,

and its homologues and isomers. The ethers dichlormethane, chloro-

form and carlwn tetrachloride and light petroleum oils which are

good solvents of wax, would be included. The alcoholic body or

gelatinizing agent, which must be miscible with the solvent, must
also exert onl}' a slight solvent action upon the waxes. Such bodies

woukl he methyl, ethyl, pFopyl, butyl, amyl, benzoyl, benzal, benzyl,

and allyl alcohols. The waxy bodies used as gelatinizers consist of

the waxes proper as camauba and beeswax, hydrocarbons as paraffin,

ceresine or ozokerite, glycerides as Japan wax or curriers' hard grease,

and metallic soaps as aluminum palmitate or oleate, zinc or magnesium
stearate, and barium, copper or manganese resinate. The formula

recommended by the originator is to prepare a solution by heat of 4

parts each paraffin and curriers' hard grease in 8 parts benzol. While

still warm the solution is gelatinized by the gradual addition of 7

parts methyl alcohol, and the mixture stirred continually until cold,

the major portion of the paraffin precipitating out in long thin plates

on cooling. The claim is made that the energetic loosening effect is

secured by combining the hydrocarbon or analogous solvent with the

alcoholic softening agent. To counteract the tendency to evaporate,

and decrease the difficulty of applying to perpendicular or inclined

surfaces, the composition is made of the requisite consistency by

gelatinization. The formula of G. Dosselman and P. Neymann *

consi.sts of paraffin 45 lb., benzol 135 gal., and acetone 137 gal.

A. Hoover 2 employs preferably alcohol 32, benzol 32, and Venice

turpentine 1 (parts by weight).

The remover is applied to the surface with a rag or brush, a few

minutes allowed for the solvent action to take effect, when in most

instances the paint may be readily wiped off or scraped with a putty

knife or other blunt instrument, a final wiping with benzine being

beneficial. The patentees of this process found it necessary to pro-

tect their rights in the courts. The Chadeloid Co. was organized for

this purpose, which eventually demonstrated priority of claim. A
1. UJS.P. 9076S5, 1908. 2. U5.P. 902404, 1908.
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numljer of preparations/ are to be obtained on the American market,

as licensees of the above company.

Where the paint or varnish contains a large amount of shellac or

other resin, and a lesser proportion of linseed and other drying oils,

Ellis 2 recommends the use of a remover such as propyl alcohol 16,

ethyl alcohol 3, benzol 1, ceresin wax J, and wood flour ^.^ In using

these compounds a roughing layer of the remover is preferably applied

to the varnished surface by brushing, the fluid being allowed to act

until folds or roughnesses are formed in the varnish skin. A further

amount of remover is then applied in a similar way so as to flood the

surface, the stiffening material (flour) being indicated where inclined

or vertical surfaces are to be treated.*

The use of sulphur chloride (S2CI2) has been advocated,* the pre-

ferred modification being carbon bisulphide 75, benzol 25, sulphur

chloride 10,^ the latter being replaceable in- equal amount by sulphur

or sulphurized linseed oil. As a thickening agent, aluminum resinate ^

1. Juiown under the commercial names of "Phenoid," "Eclipse," "Zip,"
"Mistic," "Acme," "Ad-el-ite," "Blitz," "Ball's," "Vamigo," "Apex," "Yankee,"
"Boston," "Supreme," "Magic," "Dcvoe," "Cauteria," "De Roiule," "Mirac,"
"Ab-Lu-Ent," "Electro," "(Conqueror," "Monarch," "Wizard," "Patton's,"
"Solvo," "Parrot," "Eureka," "Peninsula," "Instint," "Meltaway," "Taxite,"
"Takitoff," "Jewel," and "Faultless."

2. U.S.P. 9018U5, 1«)08.

3. The wax is preferably first dissolved in the benzol, which is then mixed
with the alcoholic bodies by agitation at a suitable temperature, the wo<k1 flour

Ijeing gradually incorporated to form a homogeneous mixture. Another illus-

trative remover contains approximately butvl alcohol 100, propyl alochol 10,

benzol 1, benzine 2, all thoroughly incorporatetl by agitation.

4. The wax-softening agents referretl to act upon the wax normally present
in the shellac, and aid in softening the same, the alcoholic bodies acting as softeners
upon the resin esters in the shellac body.

5. C. l':ilis, U.S.P. 904250, 190S; the formula of M. Daxe (U.S.P. 948814, 1910)
consists of benzene 2 gal., ethyl alcohol 2 gal., acetone 1.5 gal., wax *4 oz.,

kerosene 8 oz., and petroleum jelly 0.5-1.5 lb.

6. In the preparation of a composition of this character, the thickening material
or the substance from which the thickening material is ultimately derived, is first

dissolved in those fluids which are solvents of it, then the other remover con-
stituents which are non-solvents of the thickener are added, thus producing u
supersaturateil solution in which the thickener is thrown out of solution in a very
fine state of subdivision, easy of suspension. With sulphur chloride, the eliminant
would be an alcohol, which decomposes the chloride, throwing out a quatUity
of free sulphur. Sulphur chloride is also decomposetl by contact with moist air,

free sulphur Ix'ing formed. When the remover, therefore, is applied to the coaUvl
surface, the atmosphere acts upon the undissolvwl chloride, deconi|>osing the
same, with the formation of a protecting pellicle of sulphur on the surface, thus
retarding evaporation. Where wood alcohol is the sulphur eliminant, free sulphur,
certain oxidation products as thiosulphuric and tetrathionic acids, and chlorine

substitution pro<lucts result, among which is hydrochloric acid. With sulphur,
the alcohol again acts as the eliminant, throwing a portion of the sulphur out of

its solution in carbon bisulphide and l>enzol, and retarding the evaporation of
the volatile solvents, when exposed to the atmosphere.

7. C. Ellis, U.S.P. 910049, 1909. The composition may l)e pn«pare«l by thicken-
ing turpentine to the desired consistency by the atldition of aluminum resinate

made by precipitation of resin with an aqueous alum solution, and then adding
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or potassium, sodium, ammonium, magnesium and barium acetates

have l>een proposed,* these acetates being soluble in methyl and ethyl

alcohol.-

Miller^.in 1903 suggested alcohol 3, amyl acetate 2, and acetone

and ethyl butyrate each 1 part, but the presence of the latter solvent

in the proportion stated wouUl jiiake the preparation too expensive

for use. The same year, Guy Osbom "* introduced carbon bisulphide,

and submitted the following excellent formula: carbon bisulphide,

l)enzene and benzine, o each, amyl acetate 2.5, and acetone 37.5

(all gallons), with 10 lb. paraffin (m. pt. 120° F.). Such a formula

would be especially applicable in the carriage-painting industry, where

the wood finish is " built up " l)y means of a large number of coats.

B}" judicious iiuiuipulation, it is possible to remove the upj^er or varnish

coats, wliile the lower colored, the so-c^alled body or filler coats, re-

main unattacked. By simply revamishing the surface the wood is

restored to its original appearance and beauty. With the older dis-

integniting methods, it would be impossible to remove the superficial

laycj-s and leave the under coats intact.

alumt 10% acetone. While turpentine in itself has very slight action on finished
surfaces, yet when mixed with alcohol, acetone, or similar loosening finish solvents,
it ac(|uires considerable paint-removing power. The esp)ecial value of this prepara-
tion IS stated to !» for ceilings, for, l>cing of a buttery consistency, it may be
applie<l with a brush as a paint.

1. C. Ellis, U.S.P. D2r>429, 1909. In UJ5.P. 95(3320, 1910, Ellis combines
acetone 10 gal.; benzene 10 gal.; ceresin 7 lb. and cork dust 15 lb. Allyl alcohol,

chlorolicnzene, chlorhydrins, Peruvian Imrk refuse, Ijaylx^rry tallow and ('liinese

wax are also claimed. L. Omstein (U.S.P. 931335, 1909) mixes ether 10%, methyl
or ethyl alcohol 55%, aniline oil 35% (all by volume), and thickens with a small
amount of wool fat.

2. The solubility of the acetate in the alcohol or ketone may l)C facilitated by
digestion at the l)oding-point of the solvent, or by extraction in a Soxhlet, in which
a saturateil solution is obtained. In this manner, some csterification occurs, and
acetic esters are formed which in themselves are energetic paint and varnish
solvents. It is claimed a suitable remover may l)e prepare<l by dissolving 10-20
parts potassium acetate in 100 parts methyl alcohol, or methyl acetone, and 3
parts waxy or soapy material in wnzol 100, mixing the two solutions, and adding
sufficient sulphuric acid to neutralize the alkalinity due to the esterification of

the alcohol. This precipitates potassium sulphate ni conjunction with the waxy
sul)stances. which together form the agglutinating or stiffening material.

3. U.S.P. 725002, 19a3: the formula of J. Dickson (U.S.P. 853685, 1907) is

acetone 8, lienzenc and commercial toluene 2 each, acetic acid and Ijenzinc 1 each
(all gals.), paraffin and spermaceti 2 lb. each.

4. U.S.P. 744095, 19a3. R. Stewart (U.S.P. 931519, 15)09) takes 30 parts of

aniline oil and 1 part of paraffin, anil adds to it 200 parts of acetic ether, ethyl

but\'Tate or valerianate, or amyl acetate, butyrate or valerianate. The formula of

L. f\ramer (Ui^.P. S82947. HK)8) contains alcohol 3, benzol 1, acetone 1, lani oil }

(all pints) and .stearic acid i lb. J. Dickson (Ui5.P. 853685, 1907) patents acetone
S. ?K)% benzol 2, commercial toluol 2, 67% acetic acid 1, l)enzme 1 (all gal.),

paraffin and 8|>ermaceti, each 2 lb. The m<»st efTective manner of mixing these

uigre<lient is to place the spermaceti and paraffin wax in a tank of l)enzine which is

thoroughly agitate<l until all lumps have dLsappeare<l and then tuld the acetone,

benzol, toluol, and acetic acid, when with a few minutes' further agitation the
remover will be ready for use.
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While Stoak and Peck * prefer aniyl acetate, alcohol and benzene

4 each, and benzine 62° and acetone 3 each, Beck has obtained best

results with the rather unique combination^ of 2 volumes carbolic

acid mixed with 1 of oil of citronella. Even if efficient, such a prepara-

tion could have but a limited application on account of the poisonous

nature and danger in handling the first ingredient.^

An inconvenience in use arises from the fact that the gelatinizing

agent, when present in sufficient amounts to efTectually retard evapor-

ation, and especially on reduction of temperature in the winter months,

is very apt to precipitate and adhere quite tenaciously to container,

requiiing in some instances heat to again bring the lefractory wax
into suspension. Michaelis ^ proposes to remedy tlii< difficulty by

the use of j:)etrolatum (vaseline) in the proportion of 3% mixed with

l)enzine 62°, and 3o% wood or grain alcohol, contending that such a

solution of petrolatum in " benzol in methyl or ethyl alcohol remains

liquid at almost any prevailing temperature and never gelatinizes or

solidifies, thus enabling the workmen to pour the compound out,

and apply with a brush at all times." On the same principle as a wax,

the petrolatum covers the liquid with a thin film or pellicle, and

thus prevents too rapid evaporation.

Nearly all the processes recommend a final washing with benzine

to remove the wax or fat, and to obviate the necessity of this addi-

tional treatment, Michaelis '' replaces the wax with a water-freed

soap 5%, dissolved in wood or grain alcohol, and adds this to the

usually dissolving agent benzene or other liquid. As' such a prepara-

tion contains no solids insoluble in cold water, the surface from which

the paint has been removed may be readily cleaned by means of soap

and water or by water alone, sufficient soap already being present.

All the solvents heretofore mentioned are inflammable, and Ellis ®

1. U.S.P. 747898, 1903.

2. A. Corti, U.S. P. 784474, 1905, has combined a solvent and mechanical remover
by using alcohol 500, slaketl lime 300, "soda" 75, f)etroleum 60, soft soap 75,
and finally incorporating 450 parts of chalk.

Ellis, U.S.P. 811044, 1906, has obtaine<i patent protection for the use of methyl
acetone. P. Celler (U.S. P. 951369, 1910) prefers ceriusin and paraffin 1 oz. each,
i)enzene 5 pints, methyl alcohol 3 pints ana aniline oil 1 oz.

3. Eberson (F.P. 341832, 1904) has published a somewhat elastic formula con-
sisting of alcohol 30-40, acetone 25, benzene 20, and the balance carbon bisulphide,

with not more than 0.5% wax. Wilson (F.P. 390422, 1908) has given a process for

removing paint consisting of beeswax 22.5 gm., 450 gm. of a mixture containing
92.5% nitrocellulose, methyl alcohol 1 1., l)enzine 3.3 1. This is an impossible com-
bination, the solvent being insufficient to keep the nitrocelhdose in solution in the
presence of the amount of non-solvent benzine stated. J. Manns' (E.P. 4592, 190?>)

composition includes a solvent ustnl with a vehicle formetl by the conversion t>f a
heavy mineral oil into a colloidal form. K.g., colloidal mineral oil 12, stearin 6, wood
flour 5, benzene 35, l)enzine 8, carbon tetrachloriile 14 and methylatctl spirit 20.

4. U.S.P. 823801, 1906.
"

5. U.S.P. 8125H2, IJKX).

6. U.S.P. 817141, 1906; E.P. 3412, 1906; F.P. 363506, 1906.
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proposses to overcome this hy the ad<iition of earlwn tetrachloride, a

non-inflammable but volatile solvent, together with other solventH of

less vapor tension, so as to give a pretlominant eva|)orative tendency

to the former liquid. A mixture of carlx)n tetrachloride 15, grain

alcohol 10, and amy! acetate 1, with not to exceed 8''^ of wax, is

specified.* More recently ^ he has advocated phenolic and cresylic

esters, as methyl and ethyl carbolates or cresylates.

A process for the use of viscose as a solvent paint remover has

been devisetl,^ the viscose, which is really the vehicle, l^eing incor-

porated with 25-3CK;x of its weight of sodium sulphite crj-stals

(X%S03.7H20) and 50% of its weight of zinc oxide, the mixture Ijeing

then treated with carbon bisulphide in the usual manner, finally dis-

solving in water to make a 10* ^ solution. This is mixed with petroleum

oil Ixjfore applying. F. Covers * esterifies commercial phenol or pref-

erably cresol (cresylic acid) to a mixetl acetate, the pa.ste-Uke mass of

phenyl or cresyl acetates l:)eing mixed with l^nzol and other paint-

removing fluids.* Cresol possesses in a marked degree the power of

softening and disintegrating paint and varnish.

Proteid-Containing Paint Removers. As previously stated,

most motlem tyi)«s of paint and vanii.sh removers have incorporate<l

with them fats and waxes to l>etter adapt them to remain on vertical

surfaces, partly to furnish an evaporation-retarding superficial scum,

and partly to lessen evaporation by a retluction of the vapor tension

(if the volatile solvents. Nearly all the solvents employed in solvent

paint removers are bodies of relatively high vajKir tension, which is

materially reduced by the presence of the wax or agglutinating body.

In those removers which are quite thick, there fretjuently is sufficient

of the wax to render the lx)dy of admixed volatile solvents rather

thick, and as the dissolved paint constituents are difficultly diffusible,

the activity of such a body, as a rule, is confined to the immediate zone

of its solvent action. Inasmuch as the volatile solvents employed are

relatively expensive, this is evidently uneconomical. In addition, old

paintetl and varnished surfaces, as a rule Ijeing dirty, wetting of its

1. On the same principle, tetrachlorethane, b. pt., 135°, ou^t to be more effi-

cient than carbon tetrachloride with a b. pt. of but 77".

2. Ui5.P. 919143, 1909.

3. E. G. P. Thomas, J. Bonavita, and M. O. Olivier, E.P. 9577, 1899.
4. U.S.P. 885151. 1908; also Ser. No. 413763, Feb. 1, 1908.

5. One k. of commercial pray acetate of lime (finely ground) is heated with 1 k.

of commercial cresylic acid for from half an hour to an hour. A half k. of com-
mercial strong sulphuric acid is then added gradually while the ma^s i» stirred.

The resulting mixture is of a brownish color (due to the impurities in commercial
gray acetate) and after cooling has the descrii>ed pasty consistency, and is almost
if not quite odorless, having none of the characteristic cresol odor. It prol>ably

consists of calcium sulptiate, the excess of calcium acetate (if any), cresyl acetate and
intermediate products, perhaps some cresyl acetic acid, and a Uttle free acetic acid.
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surfaces by such removers may not be as quick as desirable, the fatty

matter having a tendency to restrain or limit wetting. Furthermore,

the solution of the wax in the volatile solvents reduces the solvent

power of the latter as applied to paint.

Peter T. Austen and F. G. Maywald have inventetl a process for

removing paint and varnish ^ which apparently overcomes the majority

of the objections outlined above. Instead of restraining evaporation

of the paint-dissolving Hquids by the chemical and physical action

of the waxy and fatty matter, an emulsion of casein or other

albuminous or proteid matter is made use of in conjunction with the

usual solvents.2 The aqueous carrier may be a water solution of

any substance having the power of producing a permanent aqueous
emulsion with immiscible solvents, which solvents after emulsification,

the patentees claim, retain their full solvent capacity .^ Serum albu-

min, commercial egg albumen, gelatin, Irish moss, or " Chinese gelatin "^

are said to be suitable emulsifiers, and especially alkaline caseinates, as

anmionium caseinate. The remover may be prepared by emulsifying

methyl alcohol, benzine 62°, benzene and acetone, with a compound
emulsifier containing ammonium caseinate and Chinese gelatin.-' It is

1. U.S.P. 846080, 1907; E.P. 5238, 1907. •
2. "Proteids and other bodies capable of protlucing permanent emulsions of

hydrocarbons and like bodies with water, do not as a rule dissolve in such bodies
or in the volatile solvents used in paint removers."

3. The aqueous layer which surrounds each individual droplet of the volatile
solvent prevents its contact with air, and therefore prevents evaporation. It

does not, however, prevent its contact with paint or varnished surfaces. The
same power of thoroughly wetting oily botlies which enables such an aqueous solution
to emulsify volatile solvents, many of which are hydrocarbons and more or less

oily in nature, and insoluble in and not wetted by pure water, enables it also to
wet thoroughly a painted or varnished surface and to {Jenetrate the same effectually.

By reason of surface-tension phenomena, an albuminoid solution which of itself

may be (luite fluid, and the various volatile solvents most of which are vcrj' mobile
when emulsified together, profluce a mixture wliich, while liquid and flowable,
and not ordinarily thicker than rich cream, has a considerable degree of con-
sistence, and which is well adapted to remain on non-horizontal surfaces. There
is, however, in such a body in emulsion, considerable internal movement of the
suspended droplets of volatile solvent in the milky thickness employed in this
instance, and the painted surface to be cleanetl is continually exposed to the attack
of fresh droplets of the solvent.

4. ('losely related to commercial agar-agar.
!). For this purpose an ammoniacal solution of casein is made by dissolving SO

gm. commercial casein in 75gni. aqueous ammonia 26° B<5., and 145 gm. of water.
50 gm. of this solution are mixed with an equal weight of 5% aqueous solution
Chinese gelatin. With the 100 gm. aqueous emulsifier so formed, are thoroughly
admixed and emulsified 40 gm. methyl alcohol, 40 gm. benzine 62°, and 80 gm.
each benzol and acetone. These volatile solvents may lie first mixed and then
emulsified, or they may l)e added successively during cmuKsification. Another
mixture of general application may l)c made from the same «juantitiis of t!i<> al>ove
solvents emulsified with KX) gm. 10% serum or egg albumin solution or with 1(K) gm.
5%, gelatin solution. More or less of a colloidal carbohydrate, agar-.iL'ar. Irish moss
or Chinese gelatin, may be advantageously used in connection wiili ;niy of the.sc

proteid solutions, as contributing to the permanency of the oinuUions produced
with the various paint solvents-
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tlcwirable that the finishetl preparation l)e of the conmstenry of rich

crcani to permit reatly application to variously inclined Hurfacett.

The material is bnishe*! or nihlietl on, and after a few minutes scrape* 1

off, together with the softenetl paint. It is statetl that the volatile

solvents employed may l>e as high as half the total mixture without

making the consistence injuriously stiff.

Stripping Paint Removers. The previously <le8cril)ed classes

of removers are satisfactory on smooth surfaces, where the IcMisened

paint may be readily removeil with a spatula or blunt knife, but in

carved and composition work it is difficult to penetrate the fine

carvings, beading, or relief figures, and the paint once loosened and

alloweil to dry will still adhere tenaciously, and require sulwequent

applications before it can be removetl with ease. Austen, Maywald

and ( lovers * have discovered that the concentrated fatty acids, &»

fonnic, acetic, propionic and butyric, or their substitution pro<lucts,

in conjunction with colloids dissolved therein, possess the power of not

only softening and disintegrating paint, but of combining with such

softened and loosened paint and varnish to form tough, coherent

nuuvsos or skins, which may be readily lifted and 8trippe<l or peele<l as

such from the coated surface. The remover is applied in the usual

manner, which coalesces with the softenetl coating to form consistent

leathery or rubber-like masses of sufficient mechanical strength to 1)6

rem lily removable in sections of considerable size by simply lifting

the loosened skin and stripping the surface of the wood.

Acetic acid is usually emplo3'etl, in conjunction with albuminous

material as colloids, and specifically casein or the ca.seinates and often

in conjuntion with direct varnish solvents as methyl acetone, benzene,

amyl acetate and fusel oil.^ Phenol, cresol, or the cresj'lic acids are

Kiated to be useful additions, either free or condensed with the acetic

acid,3 the entire combination offering a mixed solvent suitable to a

wide range of the oils, driers, and bases,^ entering into modem paints.

It is claimed that a suitable remover may be formed by dissolving

400 gm. casein in 500 cc. glacial acetic acid, and 1,000 gm. cresylic

1. U5.P. 871750, 1907. Application filed Apr. 16, 1907, No. 36.^86.
2. See also Serial No. 368488, filed Apr. 16, 1907, and 356347, 356348 filed

1 eb. 8, 1907.

3. The "condensation product" claimed by the patentees may be made by
heating together 6 gm. cresylic acid and 4 gm. glacial acetic acid, in which 4 gm.
casein is afterwards dissolved. This is the nucleus of the colloided stripping

remover, whose dissolving power is widened by the usual liquid solvents. It is also

claime<l tliat the addition of about 30% of a 10% gutta percha solution in benzol

increases the tenacity of the resulting film.

4. In the case of white-lead pigments, carbonates as of iron and zinc, and other

inorganic bodies more or less soluble in the acid employed, the disintegration and
evolution of CO, from the carbonate aids materially in the removal of the paint.
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acid, 1,000 cc. commercial benzol or toluol being next incorporated

with the first three ingredients. Or 1,000 gra. 90% formic acid,

1,000 gm. casein and 2,000 gm. phenol, the phenol being first mixed

with the formic acid, after which the casein is introduced. ^ Benzol,

toluol or xylol if added, are incorporated last.^

It must be remembered in the use of paint removers of this type,

and containing a considerable proportion of concentrated acetic acid,

that the latter is an excellent solvent of glue, and that in applying

such a composition to veneered work or to composition carvings made
from sawdust and glue under pressure, the solvent action of the acetic

acid on the glue may be sufficient to injure the work unless great

care be taken to neutralize the excess of acid immediately after the

paint has been peeled from the surface.-''

Fig. 45.—The Wilson Mechanical I'inish Remover.

J. Wilson has piiteutod a device (Fig. 45) for removing mechanically

the disintegrated varnish and paint from irregular surfaces, after

1. In the forms described above, either with or without volatile solvents, it is

essential that sufficient colloid l)e present to impart a fairly thick or semi-solid

consistency, the latter being preferable, as it pennits of a thorough and even appli-

cation by brushing, and deposits layers of economical and efficient thickness to
all parts of the coated surface irrespective of its contour or the intricacy of carving,

as of woodwork or molding.
2. Casein is more soluble in formic than in acetic acid and tends to agglutinate

in large masses, difficult to handle. The phenol appears to produce a more regular
combination.

3. One explanation offered of the action of a typical remover of this class and
containing a fatty acid, phenol and ca-stnn, is that the phenomenon is analogous to

the nature of one solute displacing another from solution; that the oily and
resinous components of the paint vehicle disjilace in a measure the casein, throwing
it out in a form to prcMlucc a roliorcnt integument, and binding together the
particles of the disintegrated paint

.
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they have been softenetl by the solvent. By means of steel wires

().()09 inch in diameter (7 in Fig. 45) the mass is scratched up, the

tufts of bri.stles being placetl sufficiently far apart for ready evaporation

of solvent, and thus diminish p<>.ssibijity of clogging. In especially

old and hardenetl paint, a second application of solvent remover ap-

plied an indicated is advised.*

(lottschalk 2 proposes to utilize the paint removetl by the various

solvent processes by exposing the resi(Uie to the action of the vapors

from a mixture of volatile hydrocarlx)ns and alcohol in a closed vessel

at the ordinary temperature, whereby they are sufficiently softencii,

it is said, to admit of l)eing worketl over in the usual manner.

With old and heavy coats of paint, not all solvent removers within

the author's experience are sufficiently speedy, in their penetration,

so that in such instances burning off with a torch is the quickest,

most satisfactory and economical method. In Journal of the Society

of Chemical Induatrfj, 19()7, 26, 243, Babington gives detaiie<l methods

for the analysis of commercial paint removers, and the estimation

of wood spirits in the same.

Turpentine Substitutes. As far back as 1855, J. Rimell de-

positeti a sealed communication with the English Patent Office which,

when opened on March 19 of the same year, was found to contain a

method of producing a liquid substitute for turpentine, which con-

sisted in preparing an extract from potatoes to which common salt,

alum and litharge were added. This was followed by the process of

W. Perkins nine years later, who prepared a substitute for turpen-

tine by distilling together a mixture of amyl alcohol and " hypo-

chloride of calcium." While neither process is of present value, the

dates show that over a half century ago it began to be realized that

the demand for turpentine would soon exceed its production. Since

that time many attempts have been made to produce a satisfactory

.substitute for turpentine from liquids obtainetl from various sources,

which would be able to compete with it commercially, but as yet

without satisfactory results. The essential constituent of oil of tur-

pentine is " pinene," which in addition to possessing excellent dis-

solving power for vegetable drj'ing oils, is at the same time a solvent

for a wide range of resins. Failures at producing a satisfactory' sub-

stitute for turpentine appear to be due to the fact that pinene is

chemically an unsaturated compound, that is, it possesses the power

of absorbing oxygen from the air, and in so doing changes from a

thin liquid to a thicker fluid and finally to a smooth resinous mass.

1. U.S.P. 9.36842. 1909.

2. E.P. 8617, 1905; D.R.P. 158310, 1904; abst. J5.C.I., 1905, 24. 681.
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These properties, peculiar to turpentine, are not shared by the sub-

stitutes which have been proposed from time to time, therefore as

yet, there has appeared no entirely satisfactory turpentine substitute.

At the present time the market is flooded with innumerable turpen-

tine substitutes—containing practically no turpentine—known under

such names as "Russian," "Rock," "Mineral," "Near," "A," "Sol-

vent," "Compound," "Virgin," "Prairie," and "Pine" turpentines;

"Chicago," "Norway," "Varnish," "Sunoco," "Turpteen" and
"Erco" spirits; "Turpalin," "Terrabentine," and "Nutuqis," which

in general are built up on the following lines: The major portion

(85-96'/^) is some foiTn of petroleum product,^ usually a benzine

of Baum6 i)7-G3°.^ To this may be added a small amount of real

spirits of turpentine to impart the familiar odor, for as is well

known, it is impossible to distinguish pure turpentine by the odor,

for that peculiar sweet smell is entirely due to the crude dip from

which the gum spirit is contaminated. The specific gravity of tur-

pentine varies within the limits 0.855-0.870. Benzine of 57-65° Be.

has a gravity of 0.754-0.724, and hence a simple determination of

gravity would detect the adulteration at once. In order to produce

a liquid of the same gravity as pure spirits of turpentine, carbon

tetrachloride with a specific gravity of 1.6 is added in sufficient amounts
to bring the combined gravity up to that of turpentine. From 3-9^^,

is required, depending on the gravity of the original . petroleum dis-

tillate. The petroleum fraction mentioned above has a boiling point

of 145-165°, about the same as true turpentine, so that by a combination

of (say) 85% benzine 58°, 6% carbon tetrachloride and 9% tme
turpentine, a liquid of the same density and boiling point as an

unadulterated turpentine results, and these are the two tests usually

relied upon in a superficial examination. Benzine exhibits a well-

marked fluorescence, which is apt to be noticeable in a combination

as the above, while tuipentine does not fluoresce. To partially mask
this, small amounts (0.5-1.5%) of mononitronaphthalin are added.^

Judging from the immense quantities of these adulterated or rather

imitation products consumed, the pubhc prefers to pay double and,

in some instances, triple cost of benzine and gasoUne in this combina-

1. C. Fendlcr, L. Franx and W. StUl>er (Z. Nahr-Genussm., 1909, 19. 373)
report examining a turpentine substitute consisting entirely of " solvent naphtha,"
or " heavy benzol."

2. The higher the degree Baum^, the lighter the gravity.

3. For determination of nitronaphthalin see Leonard, C.N., 1893, 68, 297, and
Holde, J.S.C.I. 1894, 13, 9(H). In greases, nitroln-nzene is used to mask the fiuorea-
cence, but woultl be unsuitable in thi.^ instance on account of the odor. For method
of commercial manufacture of a turpentine-potroleum-carl)on tetrachloride sul>-

stitute, sec A. Polkt, F.P. 354425, 1905, ami tirst Addition thereto dated Apr. 12,

1906.
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tion, than to add the gasoline as such directly to the paint as a thinner.

The use of the word " turpentine " in connection with these imitations,

lA, of course, entirely a misnomer, these products being turpentine in

no sense of the word.

Those who have had experience with these fictitious products

have noted that while still good solvents for linseed and other drj'ing

oils, and therefore freely mi.scil)le for thinning purposes, yet the " life
"

and wearing qualiticrf of paint so thinnetl are verj* materially decrea.sed,

esiKH'ially for outdoor work where the paint is cxpose<l to the elements.

In addition it has been found that the ratio of oil to pigment must

l)e consiilerably increased in order to obtain an equal covering power

with same tenacity in film. This means diminished covering power,

and hence increased cost of painting per unit area. In shoe polishes,

in which turpentine is usetl in large amounts, the substitutes are

de<"i(Ie<lly inferior, their inferiority l)eing especially noticeable in

attempting to dissolve refractory waxes such as camauba. The oil-

soluble nigrosines, to which the black color of shoe polish is due, are

difficultly soluble in benzine, but readily so in pure turpentine. This

appears after manufacture in an increa.sed tendency of the polish to

granulate and separate, where a benzine imitation has been used.

The amount of benzine and carbon tetrachloride present in a

turpentine substitute may be determined quite accurately, by first

distilling 100 cc. of the sample with a long Hempel or other fraction-

ation tube, and collecting the distillate which lx)ils at not alx)ve 85°,

carbon tetrachloride boiling at 77°. The benzine or true oil of tur-

pentine will not begin to distill much before 125° is reached. Heating

of the original sample in a fractionating fla.sk on the water bath until

no more distillate passes over, is another satisfactory' way. The

Ijenzine may be determined by shaking 50 cc. of the original sample

with 150 cc. sulphuric acid 66° Bo. (93-94^^) and the separation of

an upper layer after vigorous shaking indicates benzine, which after

standing over night in a graduated cylinder may be read off. This

method is accurate enough for the majority of commercial purposes.*

1. Other methods at present employed are (1) Fractionation and examination
of fractions by physical metho<ls; {2) Polymerization with sulphuric acid and
measurement of residual oil (benzine); (3) Repeated polj-merization as in (2)

and determination of refractive index of residual oil; (4) PoljTnerization with
nitric acid. For details of al)ove methods see F. Richardson and J. Bowen,
J-S.C.I., IDOS. 27. 613; .McCandless, J.A.CJS., 19(M, 26. 981; Burton, Am. Ch. J.,

1S90, 12. 102; A. Paul, J.I.C'., 1909, 1, 27; P. Conra«lson, J.S.C.I., 1897, 1«, 519;

J. H. CoHta, An.. 1908, 3S, 219; J. Marcusson, Chem. Zeit.. 190t), 33, 966. 978, 98.5;

R.Morrell, Ji5.C.I.. 1910, 29,241; Armstrong, Ji? .C.I. . 1S82, 1, 478; H. Henfeld,
Chem. Ztj?., 1910, 33, 1081; M. Vezes, C.R.. 1910. 150. 698; Louiae, C.R., 1910,

ir»0, 526; A. EibnerandO. Hue (Chem. Ztj?.. 1910, 34, 643. 657); J. Coeta, An., 1910,

35, 112. " Determination of Petroleum Derivatives in Turpentine Oil," P. Nicol-

ardot and L. Clement (Bull. Soc. Chim., 1910, 7, 173); for manufacture of turpen-
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Regenerated turpentine (the turpentine recovered in the manufacture

of synthetic camphor) is characterized by its high boiUng point.

While about 80% genuine oil of turpentine will come ovpr below 165°

regenerated oil of turpentine only begins to distill at a temperature

of 170°.

tine oil substitutes, see O. Pellnitz, F.P. 394467, 1908, Addition, Dec. 8, 1908;
D.R.P. 202234, 1908; A. Poulverel, F.P. 400180, 1008. For distinction between
gum spirit-s, wood turpentine from both live and dead timl>er, rosin spirits and
petroleum substitutes, see C. Hollcy, 17th Ann. Rep. N. Dak. Agr. Expt. Sta.,

1900, part 2.



CHAPTER IX

PYROXYLIN SOLUTIONS

With the possible exception of the smokeless powder industry,

the dry cellulose nitrates have few if any commercial applications,

and it is only after solution in a direct or latent solvent that they

become of value for use in the arts. liefore attempting to place

any considerable quantity of these nitrates in solution, it is customary

to first prepare a small experimental batch, and study the solubility

and other physical properties of the pyroxylin, in order to arrive

in advance at an idea of the solubility, deposit, and fluidity of the

pyroxylin, and the suitability of the liquid menstruum for the pur-

{)Oses intendtxl. In the author's judgment this prcliminarj' examina-

tion and selection of pyroxylin has not been accorded the prominence

it deserves. As has been stated, at present it is an impossibility

to so control the factors of the nitrating process as to proiluce at will

a nitrated cellulose of a fluidity, solubility, and percentage of insoluble

residue which may be calculated in advance. When placed in solu-

tion, the diversified nature of a combination of commercially pure

liquids, and their wide variation in composition and phy.sical deport-

ment, undoubtedly add to the complexity. Although it is quite possi-

l)le, as in the manufacture of the pyrocellulose smokeless powders, to

introduce a definite p)ercentage of nitrogen into the cellulose molecule,

yet no definite relationship between that nitrogen content and

the viscosity of the dissolved product has as yet Ix^n establishetl.

Therefore at present the determination of the percentage of nitrogen

in a nitric ester is no criterion of its fluidity in solution, and conversely.

The desirability, therefore, for specific selection of a pyroxylin for

a definite use, thus becomes more evident, and is being recognized

more and more as the uses of the cellulose nitrates multiply, and the

advisability of specialization becomes more obvious. Granting, as

we must, the inability of the producer to duplicate consecutively the

physical characteristics of a given nitrate from a purely commercial

point of view, the firm who possesses the ability and knowledge of trade

requirements; and who manipulates nitrate and solvents by specific

275
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selection with this end in view, is the manufacturer whose products are

in greatest (iomand, because more uniform in practical working qualities.

Fig. 46.—The ('< )l('~ Miai Fio. 47.—The Dudley Shaking Arrange-
ment for Four Solutions.

Dissolving Small Amounts of Pyroxylin. Various devices

have been sug<2;ostcd to minimize labor, but especially to economize

time in bringing small amounts of pyroxylin

into solution. For bronzing liquids, collodions,

and other thin fluids, an arrangement similar to

the Coles' Milk Shaker (Fig. 46) has been found

very useful. It is operated by hand, each

turn of the crank wheel giving ten distinct

shocks to the contents of the tumblers. Solu-

tion may be facilitated and heavy particles

readily broken up by the introduction of shot

in the tumblers, (llass beads or clay marbles

are also used, and for quantitative work the

tumblers may be lengthened, their diameter

reduced, and graduated in cubic centimeters

or otherwise. Where a comparative deter-

mination of two or more substances is desired,

or their speed of solution determined, as two

or more pyroxylins in a given compound fluid, or the same nitro-

Fia. 48.—The Rabe Shaker.
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cotton in var>nng formula.s, the apparatus of Dudley (Fig. 47),

which is designed for four Erlenineyr fla«icH each of 12 oz.

capacity, or the mixer of Rabe (Fig. 48) is convenient. The

Fig. 49.—The Wagner CoDtinuous Shaker with Power Attachment.

latter is arranged to take water-motor connection and will then

accommodate quantities up to one liter. For a number of samples

Fig. 50.—The J. H. Day Co. Jar Mill or Triturator.

or for larger amounts, the shaking apparatus of Wagner (Fig. 49)

has given c.Kcellcnt results.' For coating compositions and other

1 . Ir> factories where a sdowly rcvolviuR pulley is availal>le the same results may
\m> oi)taineti by fastening bottles to these, aij«l allowing them t«» rotate until the

contents are dissolved.
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heavy solutions as applied to textiles in waterproofing processes and

artificial leather manufacture, rapid results are obtained with the use

of an arrangement on the principle of the J. H. Day Jar Mill, or

triturator, especially if power is at hand (Fig. 50). It is designed to

very finely powder small amounts of dry material, or to bring into

solution thick viscous combinations. The apparatus consists of two

porcelain jars in iron casing, and mounted on a frame arranged

to revolve the jars. The grinding is done by means of porcelain balls

inside the revolving cylinders, and is entirely free from the possibility

of metallic contact. From ten to fifteen revolutions per minute

is the usual speed of the jars.

Filtration of Pyroxylin Solutions. The filtration of small

quantities of solution through paper in a funnel is both tedious and

unsatisfactory. Tedious from

the ease with which the filter

paper becomes clogged and

retards further clarification,

and unsatisfactory because

evaporation of the solvent

during the filtration process

changes the composition of

the liquid portion from loss

of the more volatile constitu-

ents. In a slow filtration by

this method the fluid portion

of the filtered and unfiltered

liquitl may vary greatly in

composition. Small quanti-

ties, however, may be quickly

and satisfactorily clarified by thoroughly mixing with asbestos fiber,

magnesia, zinc oxide or carbonate or animal charcoal, and whirling in an

ordinary urinary centrifuge. With an electric or water motor (Fig. 51)

the operation is rapid and noiseless and requires no attention. The limit

of liquid which can be operated upon at one time in this manner is about

60 cc. in each tube. The advantage of an apparatus of this nature

lies in the fact that a selection of pyroxj-lin b;used u[)on solubility and

fluidity may be made in a few minutes' time, or the rate of de|X)sit

and condition of the fluid from two pyroxylins can be approximated

quite closely, the tests being strictly comparative. To obtain similar

results in the older methods of settling would recjuire several weeks.

The insoluble matter if centrifuged without the addition of clarify-

ing material, may be read off in percentage, from the centesimal

Fig. .51.—Urinary Centrifuge, Useful for

Quickly Clarifying Pyroxylin Solutions.
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jiraduations at the base of the urinary tubotj. For larger quantities,

the \\'egelin and Hiibner Filter Press (Fig. 52) made in iron and bronze,

has this advantage, that the clearness of the filtrate and 8pee<l of filtra-

tion may l)e n'gulated within wide limits by the numl>er and char-

acter of the filter papers or cloths interpo8e<l between the plates.

In an experimental press, the loss in percentage of sample operated

upon is comparatively high.

Dissolving. The pyroxylin is usually weighed out in the dry

house, airy " knots *' or tightly twisted ma-sses disintegrated by hand,

and trans|X)rted to the mixing house in practically air-tight containers,

to avoid the absorption of moisture in transit. If, instead of drj'ing.

Fig. 52.—Wegelin & iiubner Lxperimental
Filter Press.

Fig. 53.—Pump for Kmptying Bar-
rels and Drums of Solvent.

the moisture has been removed hydraulically by solvent displace-

ment, each cake or "cheese " being broken up by hand, the percent-

age of dry pyroxylin being obtained by calculation as determined by

previous experience. The liquids are either pumped to central ele-

vated distributing tanks, where they fall by gravity and are drawn

off as needed, or are pumped from drums by hand by means of a tin

pump (Fig. 53). The liquids entering into a fonnula are run sepa-

rately into a tank placed on an ordinary platform scales, the quan-

tities being weighed and not measured. Best results are usually

obtained by mi.xing the liquid ingredients in two portions, the first

containing all the solvents with about one-third of the non-solvents,

thus producing a fluid high in dissolving power. About 60% of

this solution is placed in the tank, and the pyroxylin added in several

portions, the contents of the tank being rotated continually. Con-

siderable heat may be evolved in the solution of the pyroxylin,
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and the speed of revolution of the inner paddles is regulated to con-

form with this rise in temperature. The 40% of non-solvent is finally

added in small portions at a time, and agitation continued until a

thoroughly homogeneous fluid is formed. By this division of liquids,

less time and power are required to place a given weight of pyroxylin

in proper solution, and a larger benzine content may be introduced

Fio. 54.—The Day Pyroxylin Mixer for Thin Sohitions.

without throwing it out of solution, and with less liability to gelatiniza-

tion of the finished preparation upon long standing.^ After solution,

1. The volatile nature of the solvents make tight-fitting covers imperative
and it is usual to provide a small "peep hole " arrange*! in the cover, so that
progress of solution may be watched without raising the lid. This mixer (Fig. 54),

constructed of ash or oak, is especially valuable in bringing quickly into solution

mixtures low in pyroxylin (coliotlion, bronzing liquids). The outer flat iron bar
spirals are so constructed as to cause an upward movement of the liiiuid, which
is carrietl down again by the inner spirals, thus producing a constant agitation

of the liauid in the tank. Usually these mixers are constructe<l in gangs of two
or more (Vig. 55). It is a fact that wooden tanks in which acetone, amvl acctat«

and similar hygroscopic substances are 8tore<l, no matter how carefully kiln dried
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ji faucet, usually locatetl in the buttoni of the tank (Fig. 57), in oix!ne«l,

and the coiitents drop to the .storug*' tanks lK«neath, of if for imme-
diate shipment, a faucet in tht* side a»hnits of running into drum-

or cans.

Figs. 55, 56.—Pyroxjrlin Mixers in

Groups of Two.
Fig. .)7.—The \)a,y Paragon Litjuid

Mixer.

For the heavier and more viscous combinations used as applica-

tion to cloth and leather, a heavier mixer with faucets (Fig. 58) or

sliding gates (Fig. 59) is required. These mixers are furnished with

Fig. 58.—The Kent Mixer in Series for Heavy Solutions. (Kent Machine W ork-s,

Brooklyn, N. Y.)

propeller-like blades curved upwards for liquid material, or with

vertical blades (one set stationary and the other revolving) for semi-

thc wood may be, will still shrink and leak when left long in contact with these

liquids. \ paste of glue <jr gelatin or other material insoluble in amyl acetat« and
alcohol is used to prevent leaking.
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pjustc goods. The combination of movable and stationary blade

cuts up as well a.s agitates.' For the heaviest compositions, and con-

taining 1 lb. to the gal, and upwards of pyroxylin, with or without

Fig. 59.—The Day Heavy Mixer with Gate.

the addition of boiled oils and pigments, which greatly decrease the

fluidity, a so-called " dough " mixer, as illustrated in Fig. 60 is gen-

I'ui. 60.—The J. H. Day Dough Mixer for Heavy Pyroxylin Solutions.

erally used. One which can be tilted is more useful, because the
finished material requires to be removed with a trowel or spatula.

1. The tanks arc made of sheet motal inounte<l on a structural-iron platform,
and (Invcn with a mechanism arniUKOtl intlep«*n«lent of the tank, which allows
the disconnection of any one tank without intcrferoncc with the remaining ones.
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WTiorc renins are t«» Ik; brought into solution, a preliminary

rinding in a " crackini; " niill ( rif£s. (U and 62) lessens materially

Fio. 61.—Kent Cracking Mill for Grinding Resins.

Fig. 62.—Kent Grinding .Mill (Opened).

tho time required for subsequent solution.* By adjusting the fineness

1. The pulverizing is accomplbhed b^ means of Italancc*! steel caices, running
at high q>eed in oppoiute directions. V^hcn the material is fed into the machine
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of the powder, refractorj' resins, as the harder copals, amber, and

shellac, may be made to dissolve in a fraction of the time where

the particles are in a fine state of subdivision. On account of the

free acid normally present in resins, it is often more advisable to dis-

liolve them away from contact with copper or iron, as in containers

of wood. In Fig. 63 is shown a barrel with eccentric revolving arrange-

ment, which in capacity may reach to 800 gallons without inconven-

ience in manipulation. The coarsely ground resin is introduced into

the barrel with the solvent, large porcelain or steel balls placed inside

to facilitate disintegration and prevent the formation of a single

mass, a cap or cover of 6 to 8 inches in diameter and operated by

a bar or lever, closing the mixer. It is claimed that the eccentric

motion effects an economy of 30-40% of time as compared with the

Fig. 63.—Day's Revolving Varnish and
Shellac Cutter and Mixer.

liG. 04.—Harri.s Paint Mill No. 3.

(J. H. Day Co.).

plain revolving chum. With a mixer of 150 gal, capacity, a normal

charge should not greatly exceed 100 gal. at a single mixing. This

form is extensively used in the solution of waste scrap from the manu-
facture of celluloid collars and cuffs, and in the preparation of wood
enamels. In those colored compositions containing pigments, the

latter are first finely ground in order to obtain the requisite smooth-

ness and uniformity in shade. The dry colors are mixed together

and made into a stiff paste with a vegetable oil, usually castor, and

then ground in an ordinary paint mill (Fig. 64), one containing a rub-

ber and stirrers in the hopper being preferable (Fig, 65), It is contended

on good authority that a single grinding of pigment is insufficient

through the hopper, the centrifugal action drives it out through the steel bars,

which, going at tiic speed they do, and ui opposite directions, pound the material
to powder.
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to proporly develop the full homogeneity of color am! depth of shade,

and that therefore a double grinding is advisable. Fig. 66 represents

an electrically driven tandem null of the Kent tyjx^ intended for this

pui|i..-. . The wetted powder is placed in the upjx'r mixer or feed

iM>t where it passt»8 through a gate into the first grinding mill; from

I his automatically into the second, and finally into any convenient

receptacle underneath.'

\\ here h heavy preparation is to be sold and not us<h1 uiK)n the

premises, economy in handling and loss of solvent from evajxiration

may be prevented by the use of an open-head barrel arrangenicnt

Fig. 65.—The Harris Improved Mill.

~ indicated in Fig. 67, the material being mi.xed and shipped in the

same container. The empty barrel is placed upon the scales, the

ingredients successively weighed in, the cover boltetl down and placed

on a revolving arrangement similar to that indicated in Fig. 50, about

six revolutions per minute being made. The contents of the barrel

ttquire no attention, and a series of barrels placed on the rolling frame

i! n \nl\((l during the night are ready for shipment the next morn-

ing without reopening. The wooden wheels upon which they revolve

aiul which are not over 6 inches from the floor are covered with

niliher glued on, this being the only thing coming in contact with

the barrel during solution. Thirty gallons is usually the maximum
amount placed in a 45 gal. barrel.

1 . The mills are usually driven with a friction clutch, thus enabling them to be

run independently or collectively at will.
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Where resins, oils or pigments arc to be incorporated with pyrox-

ylin, the two are usually antagonistic, and special methods have

to be observed in order to bring them into solution with the min-

imum amount of solvent. The pyroxylin is usually first brought

into solution, after which the other ingredients are added spearately

Fia. 66.—Kent Machine Co. Double Automatic Pigment Grinder.

and in small portions, in order to minimize danger of precipitation.

Resins arc usually dissolved in the fusel oil portion of the formula,

this being afterwards added to the pyroxylin-containing portions.

In general, vegetable and animal oils and oil-containing mixtures

are most antangonistic to pyroxylin, but when added in small por-

tions at a time to the latter high in solvent, liability to precipitation

is materially decreased. Where the addition of color is made to a
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definite shade, aa in the duplication of artificial leather patterns, a
small portion of the com{X)un(l being manufactured is spread upon
cloth during the addition of the pigment portion and dried, the sam-
ple l)eing " matched " m this manner. Rosin solutions are either

clarified by standing or strained through cheesecloth or fine-mesh

wire sieves before incorporation with the pyroxylin, especially if the

completed composition is to be paper-filtered, the preliminary clari-

fication letftjcning liability of clogging the filter press in the subsequent

fihration.

Filtration. When first prepared, pyroxylin solutions usually

contain too much insoluble matter to admit of use without clarifi-

cation, an exception bemg opaque coating compositions. Where

Fia. 67.—Open Head Barrels for Heavy Pyroxylin Mixtures.

time and money will permit, storage in practically air-tight containers

allows tht» material to subside, when the supernatant and clearer

liquifl may \)c withdrawn. In a great many instances this method
IS inadvisable, from the capital required to stock these solutions for

.several weeks while the solid matter is being deposited by gravity.

In solutions containing a low solid matter, and especially bronzing

liquids, filtration is seldom resorted to, the products being allowed

to stand in tanks for several days and then withdrawn for ship-

ment. The uses for which the mixtures are intendeil generally

determine the completeness with which the insoluble portion must
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be removed. For example, in biograph and continuous films intended

for enlargement, filtration must be exceedingly thorough, and the

specks noticed in pictures of this kind tiiid so conspicuous when

magnified, are due to insoluble particles citln i incompletely removed

from the solution, or deposited as dust durinu liic picparation of the

films.*

Pyroxylin solutions are cluiincd either naturally l)y subsidence

or artificially by filtration. Where sufficient capital is avaiiahlc,

it is i)rc'f('ra])l(' to use the former method on account of the loss by

evapoialion ^vllich attends paper filtration and the material which

is absorbed by the filter papers. However, it is impossible to pro-

duce as clear solution by this means; the smaller insoluble particles,

which apparently are unaffected by gravitation, impart to the solu-

tion a smoky and hazy appearance. There is less labor exi>en<leij

in clarification by this method, while the mechanical loss in the filter

press is entirely avoided. In addition to bronzing lifpiids, jduir-

macopeal collodions are usually clarified in this manner, the low

boiling point and high volatility of the ether in the collodion mak-

ing press filtration both dangerous and costly. The liquids are run

into tall "varnish" tanks (Fig. 68), directly after nuuuifacture.

These tanks are of iron, heavily tinned, with wooden bottom, and

draw offs at convenient heights. The faucets or gates ~ when placed

at convenient heights in the tank allow decantation of the upper

layer without disturbing the lower ones, which may still be turbid.

To hasten the natural process of subsidence various ex[)e(lieiits

have been devised, as the addition of insoluble, neutral and inert

materials, the oxides and carbonates of lead, magnesium and zinc,

barium sulphate and other bases, which have been sprinkled over

the top and then thoroughly stirred in. The inorganic deposit mixed

with the insoluble pyroxylin is subsequently utilized in clu^ap cloth-

coating compositions. Upon thorough agitation the settlinj; of the

inorganic base carries with it the majority of the suspendetl particles.

Spraying the surface of the liquid with water in an atomizer has

1. The single "moving picture " is J inch by 1 inch m size, and when tliis is

magnified to 9X12 feet and thrown upon tlie scniii, it lias been enhirgcil 2()7;i(»

times, this being the magnification of any insolulilc speck pn'seiit. Ajiaiii, in

artificial filament formation, the fluid is j)r()jr(i('(l tluouL'li nozzles of internal

diameter less than the thickness of a normal human hair Ii is therefore e\iiliMit

that pyroxylin solutions intended for these or similar um - imi-t lie elaritie.l with

painstaking care. The Lumic'^re and other delicate filtration mothcxls are descril>c<i

m Chapter XT II.

2. The Stebbins iron gate (Fig. 60) or a combination shut-off and gate (Fig.

70) prevents loss from leakage, while the tank covers are either closely fitting

or are equipped with a water or oil seal to j)revent evaporation from the top. Thus
arranged, tnese tanks are practically air-tiLrht.
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nmtoriully assisted in some instances in coalescing the smaller par-

ticles into larger om*s, and thus hastening their subsidence. Inducing

convection currents in the litjuid by means of change of ext<«rior

temperature and the passage of an electric current of low poUmtiality

have also been suggestetl. Although the amount of insoluble matter

(usually the higher nitrocelluloses) will vary with different nitrations,

the amount of deposit in the same solution Ixung increased in propor-

tion to the proximity of precipitation of the latter due to the addition

of non-solvent.

Solution and filtration may take place in the same receptacle

by u.xing a large barrel with manhole arrangement and pierced on

the opposite side for a pipe for air connection. After the container

Fig. fiO.—Tho Stehhin's Faucet for Vola-
tile Liquklii.

Fit;. 6.S.—Tank for the Storage of

I.ACc|uer3.

Fig. 70.—The Combination Shut-off Faucet
and Ciate. Reduces Liability of Leaka^^.

has been rotated until complete solution results, cheesecloth, felt, mole-

skin, or fine wire may be placed over the opening, the cask inverted,

and the contents allowed to run out by gravity or assisted by pressure

introduced through the pipe, or adjusted for air suction beneath.

Another method is to run the dissolved contents from the cask into

a tin tank with false bottom, containing a wire netting reinforced

with several layers of cheesecloth, through which the solution slowly

percolates, and runs into a storage tank underneath. From the stand-

point of efficiency as compareil with gravity filtration, the use of a

plate filter press (Fig. 71) offers many advantages. The machine

consists of a number (up to 60) of perforated iron plates, l)etween which

are placed sheets of filter-paper, the number of units used and the
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quality of filter-paper employed depending upon the result to be

attained. The force of the pressure pump in forcing the liquid through

the press, is very apt to rupture the wetted filters, and in order to

3
as

j3

2

obviate this, heavy canvas cloth is placed between each filter block.

From 25 to 300 gal. of solution may be filtered before renewing the

filters. There is a loss of about 1.2',' from evaporation and from

what is mechanically held in the filters, and about 3 gal. of material is
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fort Til througli sik h a press lioforo filtered liquid appears at the other

>iiie. The liquitl is pumped in continuously at the speed of 25-50 gal.

[HT hour, the spit'd of filtration Ix'ing directly dependent upon the

aiintunt til soliil matter in the solution. For fine lacquers for silver

work and photographic films it is iuipt'rative that the licjuiil l>e pre-

viously thoroughly filtennl. in some instances several re-filtrations

Ixiiiir KMiuiitd. In appearance the filtere<l liquid should look as

transparent as glycerin, and will thereafter keep indefinitt?ly without

throwing out additional de|X)sit. The

press may be dismantled and the filters

renewetl in a short time.

There has recently betMi introduced a

filter press of the continuous ty|K>.

<lesigned on the principle of the l)e

I>aval cream s<>parators. The steam

turbine style for direct steam connec-

tion (Fig. 72) occupies a floor space of

l)ut LSX21 ill. liu- accompanying illus-

tration (Fig. 73) is a sectional view of

that portion of the De Laval clarifier

ill which the clarifying and filtering

arc actually accomplished. This is

known as the bowl, and consists of

two separate compartments, which,

-iiict ilicir duties are different, in

reality |KM-form the functions of two

separate machines.

The first or lower compartment is the clarifying chaml>er—the

u]>|x»r the filtering chaml>er. The former consists of a cylinder filled

with a series of conical-shaped, pressetl steel disks, one alwve the other,

al)out (UK sixteenth of an inch apart, and held rigidly in position

by a central feeding device called the " split-wing tubular shaft."

The filtering chaml)er or upper compartment is also cylindrical in

-nape. Imt of It ss diameter than the clarifying chamber. Its side

walls contain numerous perforations which are lined with filter material

//. This may be paper, cloth or wool, and governed by the viscosity

and freedom from sediment of the solution to be passed through.

Within this chamber are placed three concentric cylinders dividing

the chamber into four compartments, G, F, E, and D. All three

(vlinders contain numerous perforations and are lined with filter

material H. The liquid first enters the bowl at the point -I, through

the feeding device in the center, and drops to the bottom of the clarify-

Fio. 72.—The De I.aval Centrif-

ugal Varnish Filter.
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ing chamljer, and is then forced upwards by the centrifugal force

and out through the wings of the tubular shaft into the spaces between

the disks, which act as so many independent bowls.

In this operation it is said from 90-95*^0 of the coarser dirt and

sediment is removed and retained in the sediment pockets B and C.

After leaving the disks the liquid continues to be forced upward out

of the clarifying chamber and into the compartment D of the filtering

Fig. 73.—Sectional View of Filtering Chamber of the De Laval Centrifugal Filter.

chamber. Here the same centrifugal force drives the liquid through

the walls of the three inner cylinders into compartments E, F and G,

the filter material H, with which the cylinders are lined, catching and

retaining the sediment not removed by the clarifying compartment.

Lastly the liquid is forced through the filter-material lining of

the side wall of the filtering compartment itself, and then delivered

to any convenient receptacle. This second operation, which consists
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in forcing the liquid through the four independent linings or layers

of filter material, is designed to remove any finer 8e<liment which

may have escaped the previous processes. If the solution is to he

used as a lacquer, the general appearance of clearness when a fille<l

large bottle is examined in a strong source of light is usually sufficient

indication of suitability. Where the solution Ls intended for photo-

graphic films subjected to enlargement, imbedding media for objects

to be studied microscopically, or for artificial filament formation,

Fig. 74.—Upright Glass-lined Steel

Tank for Lacquer Storage.

(Pfaudler Type.)

Fig. 75.—Glass-lined Steel Tank for the
Storage of Cellulose Nitrate Solutions.
(Pfaudler Co., Rochester, N. Y.)

visual examination is not sufficiently delicate. If, however, a small

jx)rtion of the filtered pyroxylin be run on a cleaned glass plate, allowed

to evaporate to drj'ness under a bell jar and then thrown on the screen

l)y means of an enlargement camera, the relative size of the specks

may l>e definitely determined. Or a drop of the solution may be run

on a stage micrometer glass, allowed to evajjorate to drj'ness anil

\amined microscopically, when the size of the particles may be

(li'tcrmincd in terras of micromillimeters.
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Storing. Solutions arc either stored in tin tanks similar to the

settling tanks previously dcscribecl, or for the finer class of solutions

and those paper or centrifugally filtered, enameled tanks similar to

the glass enamel tanks of the Pfaudlor System (Fig. 74). These tanks,

which are constructed of steel and are glass- and enamel-lined, are

Fig. 70.—The Paneled I^acquer Shipment Can.

designed to store laccjuers for an indefinite period without affecting

their color or transparency. By means of the manhole they may l>e

readily cleaned as recjuired, and arc fitted with faucets of various

sizes to accommodate mixtures of dilTcrcnt fluidities. For settling,

the taller tanks (Fig. 75) are better adapted. The tops can be hermet-

FiG. 77.—Eveiuleu's Patent Jacket Can.

ically closed, and may be providctl with but a tiny vent to relieve

interior pressure, so that loss by evaporation and danger from the

presence of benzine vapor is reduced to a minimum. In these tanks

glass is the only material which comes in contact with the liquid.

Shipping. For small (luantities of pyroxylin solutions, either
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panelcil varnish cans (Fig. 76) or jacket can.-s dig. 77) are usctl for

shipment. Where the containers arc^ small, and a number are to

be filled, a device on the principle of the J. H. Day bottle filler is

1 ii.. 7S.—Tin Cup to (Vnor Varnish
Can NomIc after Opening.

Fig. 79.—VamiMh Can Sealer Used
for Crimping Metal Caps.

Fiu. SO.- \araish t aa Cap or Seal.

tinu'-.saving and efficient. The machine is so arranged that it stops

flowing when the containers are filled, and does not start again until

a series of empty cans are placed under the nozzles. Various sizes

may l)e filled at the same time, ^nd an automatic cut-off with which

the tank is ecjuipped allows it to

be kept full without overflowing.

The jacket cans do not require

l)oxing before transportation, and

both kinds are closed with an air-

ti<:lu seal (I'iir. 7^'. consisting of

a metal cap .4 and wjusher B. The caps are attached to the can by
n)eans of a hand crimping arrangement (Fig. 79), which being a

patcnti il aiti( ]»' lias always sold at a price far in excess of its manu-
facturing value. The cans are optmed by cutting out the cap, after

which a lacquered tin cup (Fig. SO) which accompanies each can,

rtnluces loss by evaporation from the nozzle. The paneled and

jacket cans are limited to 10 gal. in size. Alwve this, barrels or

galvanized iron drums are used, great care being e.\ercLsed in using

n( \v drums, that acidity from the soldering fluid is not present to give

an acid reaction to the .shipped lacquer.

Precautions Necessary. The verj' inflammable nature of the

liquids and solids ent<*ring into this class of formuhis calls for the

application of every known device for the safeguarding of life and
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protection of property. Replacement of belts and pulleys by rope

drives, and these in turn by the chain and sprocket as a means

of power transmission, has done much to lessen possibility of explo-

sion from sparking due to frictional electricity. The wearing of

rubbers, rubber-bottomed shoes, or leather soles with wooden pegs

only; laying all floors of tongue-and-grooved wood; covering the

floor with sheet lead united by soldering; the use of rubber-tired

trucks and carrying vehicles, are some of the suggestions actually

being carried out in American factories. Of the explosions which

have occurred in pyroxylin-mixing houses in recent years, where the

cause of the explosion has been definitely ascertained, in the majority

of instances it has been traced to combustion of benzine vapor rendered

explosive by admixture of air. An efficient system of forced draft

ventilation, the fans being arranged to discharge the air from near

the floor, remembering that the mixture of benzine vapor and air

is heavier than the air itself, has materially contributed to lessen the

dangers attendant upon this occupation. Electric lights surrounded

by a protective gauze of fine wire, on the principle of the well-known

Davy lamp used in coal mines, have been introduced in some factories.

The gauze prevents any possible explosive mixture from becoming

heated to the ignition point.

^

1. The storing of inflammable liquids in receptacles containing an inert, non-oxi-
dizing gas as carbon dioxide, is a well-known expedient for guarding against the igni-

tion and explosion of such liqui<!s. But
in those cases in which the liquid is a
solution, a difficulty has arisen in prac-
tice owing to the absorption of a portion
of the solvent by the gas. when the latter

is employed to force the liquid from the
V/////W/////, receptacle by pressure. This loss of

solvent, especially in pyroxylin lactiuors,

may cause the cellulose nitrate to l>eeome
deposited and precipitated. ('. Martini
(U.S.P. <)620;J6, 1«)10; E.P. 10692, IIKMJ;

abst. J.S.C.I., 1910. 29, 337) has de-
signed an improvement for the storing
of collotlion, which he claims obviates
the drawbacks alxn-e mentioned, and in

which the gas, before admission to the
receptacle is saturated with a liquid of

the same composition as the fluid portion of the collodion. His api)aratu.x is illus-

trated in a diagrammatic vertical section in Fig. 81, in which the inflammai>le
solution is stored in a receptacle a, preferably locate<l underground. The |)ipo 6
serves for filling the receptacle, the solution l>eing withdrawn through the discharge
pipe e. The inert gas is containeil in the cylinder i, and is led int«) the liquid in the
impregnating tank through the pijje h. It is thus pjissed through the liquid in order
to Wcome saturated. The impregnated gas then jmsses to the receptacle a through
a pipe d, the ends of which are s<»cured respectively to the c<»ver/. of the tank </.

and to the cover c of the receptacle «. I' or an excellent article on protection of

nitrating and lacquer factories from lightning, see Sprengstoffe Waffen. und .Muni-

tion, 1907, 2, 254.

Fio. 81.—The Martini Process for Storing
Inflammable Solutions.



CHAPTER X

PYROXYLIN LACXJUERS, ENAMELS AND BRONZLNG FLUIDS

From the time of the discovery by Schonbcin of that form of

cellulose nitrate called guncotton, to 1851, when pyroxylin was first

introduced into photography by Scott Archer, little if any progress

had been made in the utilization of pyroxylin in solution, investigators

having apparently confined their attention entirely to the develop-

ment of its use in the solid form. However, the ix'culiar manner
in which pyroxylin is deposited from its ether-alcohol solution, and

the transparent and resplendent appearance of the resulting film,

soon drew the attention of experimenters to the ijossihilities of

pyroxylin in solution, as a means of producing improvements in the

various industrial arts.

Alexander Parkes, an inventor of great mental capacity, was
the first to file a patent for the use of a liquid cellulose nitrate cora-

|x)sition as a protective coating, although subsequent developments

showed that his ideas were more in accord with modem pyroxylin

plastics than with lacquers.^ The next year M. Pellen 2 was granted

protection for a varnish composted of collodion and a small amount
of castor oil as a covering for toys and balloons. The wide publicity

given to the results of Parkes, due to his exhibiting samples of his

product at the London Exposition, aroused considerable interest

in the subject, and the succeeding few years were fruitful of many
attempts to extend the uses of liquid preparations of celluloid and

pyroxylin. The same year Parkes ^ devised a waterproofing lacquer pre-

pared by dissolving " guncotton " in " a mixture of wood spirit or

naphtha distilled from chloride of lime and sulphuric acid." Two
years later John Macintosh"* suggested dissolving the pyroxylin in

" equal parts wood spirit and coal naphtha " for use in the insulation

of wire. A. Rollason, who subsequently Ix^came intimately identified

^^ith the early development of celluloid, devised a process* for pro-

1. E.P. 2359, 1855. 2. E.P. 2256. 1S56.

3. E.P. 1125, 1856. 4. E.P. 1090, 1858.

5. E.P 1057, 1863; Barnwell and Rollajson, E.P. 2249, 1860.
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ducing colored lacquers by iiicaus of the solution of an aniline or

vegetable dyestufF in the mixture of solvents and " azotic cotton,"

and in connection with S. Barnwell, a lacquer by combining pyroxylin

and india-rubber, with or without the admixture of gums. This

led to considerable experimentation on mixed solids and solvents,

combinations of pyroxylin, india-rubber, gelatin and nitrogenous

products, which experiments, in the main, were unsatisfactorj-.'

Parkes appears to have recognized the value of proper solvent com-
binations as well as a satisfactory pyroxylin, for in 1865 he published

several typical formulas containing in addition to pyroxylin, nitro-

benzene, aniline and glacial acetic acid, but the combinations were

so slow drying as practically to be devoid of commercial value. How-
ever, in extending our knowledge on the relative value of solvents,

he opened up an entirely new field for experimentation and gave

an impetus to this phase of lacqu(;r development, which, as will be

seen, was of fur-reaching importance.

Collodion Lacquers. From the stimulus given to photography by
cellulose nitrate, in which a product of low nitration called collodion

was used exclusively, it is quite natural that the first cellulose nitrate

solutions used industrially should be called " collodion lacquers,"

a term which, however, is hardly apj)licable at the present da}', as the

term collodion is intimately associatetl with the alcohol-ether solvent,

at present never used as the solvent portion of lacquers. The com-
position of these lacquers was very simple, being essentially pyroxylin,

or collodion as it was termed at that time, in the more volatile solvent

ether, and diluted with the less volatile non-solvent ethyl alcohol.

The high volatility and hygroscopic nature of the ether could not be

effectually modified by the less expensive and more slowly evaporat-

ing alcohol, so that films upon drj'ing would usually wrinkle, curl

and tear away from the coated nuiterial, and often take on a per-

manent white color.^ This phenomenon was thought of sufficient

value to be protected by patents as late as 1904,3 but the opacity

is so variable that it would be practically impossible to duplicate the

shade of color without having identical atmospheric conditions as to

humidity.

It was gradually found that variations in the relative proportions

of the two li(iuid constituents exercisetl a great difference on the char-

1. See Greening, E.P. 5344, 1889; 11666, 1894; U.S.P. 850266, 1907.
2. The reduction of temperature causetl l)y the rapid evanoration of a solvent

may be Sufficient to induce the formation of the dew point in the atmosphere imme-
diately surrounding the drying lacaucr. This may cause a sufficient precipitation
of moisture on the film to throw the pyroxylin out of sohition. indicateii by the
fihn turning opaque and milky, from the white colloid fonn of the pyroxylin.

3. Berlin Aniline Company, E.P. 9962, 1904.
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Meter :ui(l siuujith of tlie dried film,^ and with this observation as a

l-;i~i-. :i sourt-h for more suitable solvents was comniencetl, to over-

come the difficulties then experienced. P. Berard added a small

amount of castor oil to the ether formula,^ which decreasetl the spc>ed

of evaporation. These lacquers were use<l extensively in dentistry

not only for varnishing artificial gums aftiT being appropriately tinted,'

but as a varnish or enamel for the Ixases of the artificial teeth * in which

ether alone waa the solvent generally used, the mixture being colored

with alcoholic carmine,* For prc»serving metal work and structures,

collodion ^ mixed with pigments was advocated, followed by a coating

of sotlium silicate ami a top coat of a transparent spirit varnish.

In iscy Spill ' published his work, in which results are given with

camphor oil and camphor in alcoholic solution as a ready solvent

of pyroxylin, and thereby contributed greatly toward laying the

bsisis for the commercial manufacture of xylonite and celluloid. It

WHS found that by substituting camphor for the inflannnable and quickly

rva|K)rating ether, a ready solvent was formed, and one which evapo-

rated much slower, and moreover wjus considerably less exjx'nsive.

Celluloid Lacquers.^ The |X)ssibiliti(« which camphor opened

ill the manufacture of celluloid apparently caused a tinnporarv' su.spen-

.sjon of interest in lacquers, which, when revived again in the early

cijrlitics, saw the gradual replacement of the t«rm " collodion " by
" celluloid " as applied to pyroxylin solutions, and the former designa-

tion of " camphor collodions " gave way to that of " celluloid laccpiers."

Strictly speaking, however, at the present day, the term " celluloid

lacquer " is entirely a misnomer. With the exception of the two

instances to be subsequently mentioned, camphor or its substitutes

seldom if ever enters into the modern pyroxylin lacquer formulas.

The celluloid lacquer of E. Ilose,^ known (juite favorably in England,

was a combination of copal with celluloid in an alcohol-ether menstruum.

The majority of these celluloid lacquers were simple solutions of

pyroxylin in alcohol, with 15-25' c camphor added. It had Ixjen sct-

1. It is a well-known fact that the same pyroxylin dissolved in amyl acetate
will produce a more lustrous film than if the less expensive wood alcohol l>e use<l.

A white odorless powder calieil Phustol has l)een intnxluceil, desipied to athl

l>rilliancy to a pyroxyUn film, so tliat in combination with acetone or woo<l

alcohol, results simulating amyl acetate or other more costly and higher boiling

I>oint solvents may l)e obtained.
2. E.P. tVJl). 1H5S; 18*^, 1H57. 3. J. Childs, E.P. 2295. 1S59.

4. T. A. D. Forster. E.P. 3178, 1871. 5. W. CunUffe, E.P. -2802, 1873.

6. A. RoHason, E.P. 2143, 18t)4, proposed a combination of collodion, either

alone or with a gum or balsam, and to increase the luster of the coating, advocatetl

the addition of a final coating of albumen, gelatin or honey, none of which is

entirely soluble in alcohol or ether.

7 I < i> .(7454, ISCl): E.P. 3102, 1809.
- C.I., 1893, 12, 278. 9. E.P. 5413, 1886.
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tied without question that in adhesion, celluloid (containing camphor)

was far better than collodion (containing no camphor), but there

was found a general tendency of the lacquer to become rough and

crystaUine when applied to metal, as the camphor in the dried film

evaporated. Occasionally small amounts of wood alcohol or acetone

would be added, but the manipulation of solvents for individual

requirements could not at this time be said to have developed into an

art. The main improvements were slower evaporation, hm liability

to distortion of the film, greater adhesion due to the presence of the

camphor, and an increased elasticity and (in general) luster. Con-

siderable secrecy enveloped the composition of the more successful

of these formulas, and absurd statements are to be found in the liter-

ature and formula works as to the ingredients recommended to obtain

best results. Tar, creasote, beeswax, honey, starch, and other prod-

ucts of no apparent value are to be found in the technical literature.

As with the collodions, the unsurmountablc difficulty with the celluloid

lacquers was their quick evaporation, which rendered their use by

brushing very difficult, even in experienced hands, so that it was

practically impossible to coat with satisfaction articles which could

not be easily coated by dipping. These difficulties persisted with

but minor improvements until the advent of the discovery of the sol-

\ ent action of amyl acetate, which not only revolutionized the applica-

tion of pyroxylin solutions, rendered obsolete collodion and celluloid

lacquers, but practically initiated an entirely new field of work, and

one which has developed into an industry of considerable magnitude

and economic importance.

Modern or Amyl Acetate Lacquers. This radical change was

made possible by John H. Stevens, who in 1S82 for the Celluloid Com-
pany of New Jersey, took out a series of I'nited States patents ' for

a number of direct and latent solvents of pyroxylin, among which

was amyl acetate. This company soon afterward formed the Celluloid

Varnish Company, as a subsidiary organization to take over the lacquer

portion of the business, but beyond this organization and establish-

ment of priority by patent protection, little appears to have been

done. The use of this solvent was protected in England two years

later,2 and the year after the first modern pyroxylin lacquer formula

was published.^ Otto P. Amend introduced^ for similar purposes the

products of the chlorination of amyl alcohol and acetate, while Orr*

1. U.S.P. 269340, 269341, 269342, 269343, 269344, 269345.
2. W. V. Wilson and J. Story. E.P. 6051, 1HH4.

3. This formula comprised nitrocellulose 100 parts, with amyl alcohol and amyl
acetate, each 400 parts.

4. U.S.P. 371021, 1887; 372100, 1887; Reissue, 10789, 1887. 6. E.P. 487, 1888.



PYROXYLIN LACQIKRS, KN.VMKl^ AND BRONZIXCJ FLUIDS 301

employinl a " chloracotato of chloramyl " prepared by the action of

chlorine on fus<^I oil. In 1S64 K. Schiipphaus found ' that pure amyl

alcohol is far less us<«ful in the manufacture of celluloid than the com-

mercial article, and this led him to the discovery of the value of tjwpro-

pyl and wobutyl alcohols, and their preference over the higher

homologue.2

During this time Richard Hale of Cranford, X. J., who waa

quite an expert, in photography and therefore undoubtedly had had

experience in collodion lacquers, was patiently investigating the sol-

vents which had from time to time been maile the subject of patent

protection, and his experiments had met with so much success that

in 1SS6, in conjunction with his son-in-law, Frederick Crane, organized

the F. Crane Chemical Company, and commenced the manufacture

of modem pyroxylin lacquers at Springfield, X. J.,' this being

the first factory' established in the United States for this purpose.*

In the l)eginning it was proposetl to tr\' and keep secret the composi-

tion of the various lacquers produced, but this having been found

impractical, and in view of pending litigation by the patentee of

amyl acetate. Hale filed his application for a pyroxylin lacquer August

i:?. 1SS7.'^ That same day the late Walter D. Field, who at that

tiiiu- wsvs chemist for the company, filed an application^ for propyl

and butyl acetates as solvents for pyroxylin, subsequently claiming

that the mixed acetates obtained by the acetylation of fusel oil should

l)e more properly regarded as propyl and butyl acetates with amyl

acetate as a normal impurity,^ than as consisting primarily of amyl

acetate.* The outcome of the litigation had no appreciable effect

on the development of the art, and the question of infringement was

:uljusted by a union of interests resulting in the formation of the

Celluloid Zapon Company, a firm actively engaged in the pyroxylin

lacquer manufacture at the present day.

Hale's Process. The I'nited States patent grante<l to his wife

1. JA.C5., 1892, 14, 46. 2. UJ3.P. 3813.>4, 1888.

3. This is often erroneously spoken of as Short Hills. The latter was the post-

oflRce, although the factory was lcx;atetl in Springfield, as stated. The first modern
nitrocellulose lacquer matle on a nianufactunng scale was an amyl acetate-pyroxyhn

compound called " Krjstalline," made by a company formed by Benj. Atha,

Abraham Van Winkle and Henry Powells as prominent members, who in 18S6 started

a small factory in Newark, N. J., and this was the forerunner of the Celluloid Yamish
( ompjinv, which later merge'! into the Celluloid Zapon Comiiany. Some of tlie

lacquers prei>arpd by this firm have received the commercial name of " zapons," and

the method of their application " zaponing." For description of zapon lacquers

and zaponing see Apoth. Zeit.. 11K)2. 17, 809; Metall-Technik, l'H)S, W. 50; J.

(loldschm.. 1<K)S, 2a. 3.-^.

4. See also the historical portion of the artificial leather chapter.

5. B^irig U.S. Serial No. 246852. 6. U. S. Serial No. 246864.

7. U. S.P. 3813>l, 1888; E.P. 8253, 1887. 8. VA.P. 269340, 1882.
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as executrix ^ was held up until 1892.2 Hale clearly defined his posi-

tion and claim to originality when he says: " This invention has

for its object more particularly to protect polished metal surfaces

with pyroxylin films, by means of thin solutions of pyroxylin . . .

which can be applied to the surface by dipping, brushing or the like,

after the varnLsh or lacquer." Further along he enumerates the

previous difficulties which experimenters had encountered, and states:

" Heretofore thin solutions of pyroxylin have been made, but the

application has not been practically successful, the film produced by

means of these known, solutions lacking one or more of those qualities

characteristic to an industrial result. Thus, for example, the films

so produced would be apt to be (a) uneven, i.e., of such variable

thickness as to be objectionable, or (6) soft as compared with the coat-

ings left ])y resin, or spirit varnishes of the bettor class, or (r) covered

with small wrinkles, or {(I) pervious to air or moisture, or {e) cloudy,

opaque, unsubstantial, showing rainbow colors, or else not adherent

in places over the whole surface, or lacking the requisite cohesion.

Irrespective of the inferiority of the product, many of the solutions

would be unsuited to industrial applications owing either to loss of

solvent or excessive volatilization or to tho long time consumed in

drying." As an example of his idea of a typical and satisfactory

formula, Hale submitted:

Amyl acetate 4 gal.

Benzine (petroleum naphtha) 4 "

Methyl alcohol 2 "

Pyroxylin 2.5 lb.

Acetone, he says, may be substituted for the methyl alcohol. The

petroleum naphtha, which was of 62° Be. gravity, was used to hasten

the drying qualities of the lac(]uer, so that it would harden Ix'fore

entirely nnming off a vertic^al surface. The non-hygroscopic character

of the Ixuizinc and its freedom from water, materially contributed

to the success of his preparation when tested l)y practical application.

The immiscibility of petroleum naphtha and wood alcohol, which can

1. Hale never lived to see the acceptation of his appUcation. \\'hile exper-

imenting at his Springfield hiboratoiy in IS'.K), a kettle of fusel oil which was
i>eing hcate<i over a free flame ignited, he receiving burns which proveti fatal.

2. The E.P. was accepted April 10. 1887, No. 5586, and .\pril 20, 1887, No.
5791; in France, 1887, No 184548; in Belgium, 1887, No. 7891:5; and in .\ustria

Hungary, 1889, No. 17684. Crane and Hale further strengthened their })ot<ition

by E.P. 7:i76 and 7377, 1887; also 15771 and 15772, 1887, with amyl acetate as

a solvent in conjunction with other known solvents, and especially with methyl
and etliyl alcohol. In 1890 he added E.P. No. 12084, covering shellac and e8.sential

oils. In E.P. 7370, .same date, benzine and other hydrcKarlKms are covered as

additions to pyroxylin lac(juers. Furthemiorc Field obtainetl E.P. 8253, 1887,

for the use of propyl and butyl acetates.
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l>e overcome by the addition of amyl alcohol or acetate, Hale nia<lc

the suhject of a divisional application.*

Field's Experiments. Fiokl continue<l the work left unfinlshcnl

!»\ Hale, and preparctl the first pyroxylin reain lacquers with fuHcl

oil and amyl acetate as the principal solvents, commencing with

>li(llac2 hut afterward extending his experiments to the other resins.-''

In this connection Field says: " By using a solution of shellac, with

a solution of pyrwa'Kn, in some non-hygroscopic medium, shellac

may be successfully mi.\e<l to produce a varnish . . . having the

illu'siveness of a .shellac vami.sh with none of its defects, and pos.sess-

in;r the free-flowing and contractile, tran.sparent qualities of pyroxylin

la< (jU(»r, a combination of the desirable qualities of l)oth." The shellac

was previously freed from wax by extraction with benzine.^ Field's

idea of a tj^pical pyroxylin resin lacquer was:

Amyl acetate 50 gal.

Spirits of turj>entine 25 *'

Methyl aln.liol 25 "

Pyroxylin ami sliollac, each '.i7.') lb.

Spirits of turpentine was soon found to dry too slowly to meet traxle

requirements, and it was dropped as a constituent in pyroxyHn resin

laccjuors, and is not so u.sed at the present time.

Crane's Acetone Oil Lacquers. The point first developed by
Hale, that a successful pyroxylin lacquer should contain liquids non-

hytirovScopie .so that tliey may dr}' rapidly, was considerably extended

1>\ Crane, who in a systematic search of the known available solvents,

iMjlh singly and compound, found acetone oil (which see). He selected "*

a.s the most suitable fraction of acetone oil for dissolving pyroxylin,

that portion boiling between 100-140°, and submits the following as

the most desirable formulas:

Volatile ketoiu s ; acetone oil) 50 gal.

Woml alcohol 50 '
*

Pjro.xylin 200 lb.

1. U.S.P. 414543, 1891.
2. U.S.P. 42219.5, IS'K); E.P. 15771, 1S87. Tachcuschner diasolves pyroxylin

in etber-alcohol containing boric acid.

3. Ui5.P. 434:W0, 1S«K): the process of Germain (P.P. 360;W5, 190.5) for the
manufacture of artificial silk is characterized by the use of acetone oil as the nitn>-

cellulose solvent.

4. Ui3.P. 504064. lS9:i. the English patent recommended ethyl alcohd 5, amyl
alcohol 3, amyl acetate 2 (all gal.), with pyroxylin 20 11).

5. K.V. (>.V42, d'A'.i lS\r2. Bolton's l:ic<|uer formula is paproxyl 30, camplicff
10. alcohol 1000.
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or:

Petroleum naphtha or benzol 20 gal.

Volatile ketones or acetone oil 20-50 gal.

Wood alcohol or acetone 30-60 '
*

Pyroxylin 200 lb.

The pyroxylin was dissolved first in the acetone oil, the other ingredients

being added in any convenient order. The principal objection to

this class of lacquers at that time was the exceedingly pronounced

odor of the acetone oil, processes for its partial deodorization having

not been perfected. It will be noted from the large amount of

pyroxylin per gallon of solvent, that the formulas were intended

primarily for photographic films.

Other Amyl Acetate Lacquer Processes. Field limited the

application of his method to metallic surfaces, a point recognized and

taken advantage of by Goldsmith ^ who extended the use of pyroxylin

resin lacquers to wood and other absorbent material, and was the

first to develop the idea of superimposing a resin lacquer upon a

pyroxylin coat or conversely, in such a manner that the subsequent

application would not cut into the prior one.^ Ferner's ideal formula

for a thiri and a heavy lacquer consisted of the following:

Heavy. Thin.

Nitrocellulose 100 parts 100 parts

Amyl acetate 150 " 400 "

Amyl alcohol 150 " 400 "

obviously a very expensive combination. Valenta's typical lacquer

is composed of 150 parts guncotton in 1,000 parts acetone, then add-

ing 2,000 parts each amyl acetate and benzine, and clarifying by

decantation. In 1893 ^ L. Paget proposed the use of a lacquer com-

posed of amyl aceto-acetate 20, fusel oil and wood spirit each 5, and

benzine 15, with pyroxylin. Two years later Reid and Earle,"* as the

result of their investigations on nitrated vegetable oils, published

1. U.S.P. 490195; the process of H. Luttke, E.P. 249.55, 1902, which consists

in the addition of 10-15% nitroglycerol to pyroxylin lacquers, has never been used

in the United States.

2. E.P. 491, 1885. For artificial leather cloth, the patentee obtained best results

with the aforementioned formula, to which was added castor or linseed oil 150
parts, pigment 100, and essential oil (if .any) 1 part. See also J.S.C.I., 1886, .'», 35.

3. The patentee claims to have discovered that by distilling mixtures of primary
alcohols, not neces.sarily them.selves pyroxylin solvents, with sulphuric acid aiul an
organic acid, as acetic or salicylic, mixed esters are produced which are excellent

pyroxylin solvents, and entirely different from a mechanical mixture of the acetate

and salicylate. The most favorable proportions are stateil to be 25 parts by weight

of ethyl alcohol. 20-25 parts amyl alconol, 25 parts sulphuric acid and 12.5 parts

acetic acid distilled together.

4. E.P. 21995, 1895, W. F. Reid and E. J. V. Earle.
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a process for the production of a flexible lacquer by combining nitro-

linolein and nitroricinolein obtained by the nitration of linseed an<l

rjistor oils respi'ctively, together with pyroxylin and the usual Holvents

of the latter.

Classification of Pyroxylin Lacquers.' Arbitrarily, th<»«c solu-

tions may Ih^ divi(le<l into the thre<' following classes: («) " Pyroxylin

lacquers " proper, comprising those mixtures consisting entirely of

pyroxylin for the total solid matter, but usually including bronzing

licjuids, uhicb often contain a small amount of resin, (b) "Resin
huquers," improperly called " gmn lacquers" 2 and containing no

pyroxylin. They are solutions of resins and gum-resins in fusel oil

and pr>'oxylin solvents, without linseed or other drying oil or tur-

pentine, anil hence are not varnishes, in the proper acceptation of that

word. (r) " Pyroxylin-resin lacquers," a combination of the two
classes above mentioned. Arranged more properly as to their methods

of application, they fail naturally into the two subdivisions, dip and

brush lacquers.

Dip Lacquers, as implied by the name, are solutions intended

for applications where the article to be coated is immersed in the lacquer.

With the exception of the so-called " enamels " to be discussed later,

dip lacquers are colorless, purely pyroxylin solutions, containing
^

at most 6 or 7 ounces of solid matter to the gallon, and intended for

protective purposes only, and therefore are a practically invisible

coating. The dip lacquers are seldom u.sed for purely ornamental

purposes. In a properly constructed formula, the total solids seldom

exceeds 3^o so that when an article is dipped in a solution of this

nature and the liquid portion evaporated, the solid residue adhering

1. Lacquers were first used in Oriental countries centuries ago. The Chinese
and Japanese lacquers of olden times were dried resinous exudations from various
species of trees, to which vegetable and mineral coloring matters had lieen added.
The varnish was coUectetl in the summer when the heat caused the exudations to

flow most plentifully, was dried in the sun or partially so, and then incorporated
with the coloring matters by hand, tiuig or Chinese wood oil apparently l)eing

added as a thickening agent and to facilitate the drying. For an exhaustive descrip-

tion of Oriental lacquers see John J. Quin. British C'onsular Report, 1H82; also

in a more contlense<l form; Sabin, Technology of Paint and Varnish, 1905, 146-

17!»; Bull. Imp. Inst, 1910. 8, 32. For r^sum^ of pyroxylin lacquers see Chapter
XI, by Dr. E. D. Williams, in same work.

2. Gums are cellulose bodies completely soluble in cold and decomposecl by
hot water, or by continued boiling in water, as acacia and tragacanth. This term,

properly sp>eaking, should not be applied to Ixxlies like copal and shellac, which
are resins, insoluble in cold water and not coagulable by hot water. The gums
proper are insoluble in alcohol, ether, acetone or fusel oil, while the resins

art> distinguished for their ready solubility in these Uquids. Furthermore tolu,

Peru, and benzoin, usually calletl gums, are in reaUty Imlsams. that name being

applied to those bodies containing lienzoic, cinnamic or homologous acid. They
are in.soluble, or nearly so in water, but readily dissolve in the resin solvent*. They
are semifluid or soft bodies.
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is very small. The ideal dip laccjuer is one which gives the greatest

tenacity and covering power with the least residue deposited. On the

most highly polished surface and closely grained metal, they deposit

a uniformly smooth, transparent, lustrous and elastic film, possesstid

of great tenacity, and which in no way alters the appearance or im-

pairs the luster of the surface to which it may be applied. This luster

can be decreased or increased by a selection of the solvents entering

into the lifjuid portion of the formula. The specific gravity of these

solutions, which is always less than 1.00, is no criterion of their com-

position or value, while the " flow " (viscosity), is no index of the

amount of contained pyro.xylin.

Bronzing liquids, which arc dip lacquers in composition, are made
brush lacquers just before use by the addition of the bronze or other

insoluble material. Where the piece to be coated has a peculiar con-

figuration or is a portion of a stationary object, dip lacquers may be

applied by brushing, but such instances are comparatively few.

Brush Lacquers are intended primarily for adornment, in con-

tradistinction to the dip lacquers designed solely for protection. Con-

taining from 1-4 lb. per gallon of solid matter, either resins alone or

in combination with pyroxylin, it is evident that body and covering

power are the essential requisites. The use of resins make .this

increavse in solids possible without a corresponding increase in the vis-

cosity of the solution,^ thus admitting of the application of a much
heavier coating without a change in fluidity and flowing qualities

of the preparation. In this respect they enter into direct competi-

tion with linseed oil-turpentine varnishes, over which they are superior

in quickness of drying and resplendent luster of the coating. It

is quite evident that to attempt to fill the grain of the wood and place

a satisfactoiy lacquer on a floor would require an indefinite number

of coats of a dip lacquer on account of the great evaporation and

small amount of total solids, a gallon of which would deposit a residue

of but 4-5 ounces.

A classification based upon the materials to which the lacquers

are designed to be applied, as wood enamels or brass lacquers, wouUl

be more or less misleading, on account of the diversity of application

of the same solution, and the applicability for coating the same material

with solutions of widely varj'ing composition. While it is true that

certain foraiulas and methods of combination find favor as coatings

1. For instance, 2 lb. shellac will not protluce a more viscous or slow-flowing
solution than (i oz. pyroxylin, both dis-solved in the same menstruum (.'say wood
alcohol), while the former will contain over five times the total solids upon
evaporation, and, therefore, five times the covering power when applied to a given
surtace.
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for spocifioil kinds of materials, yet these ^generalizations are not

sufficiently broad or numerous to admit of profitable classifiration.

The Inflammability of Lacquers. With the exception of car-

bon tetnuhloridc ami the halo}ieii-substitut<Ml ethanes, none of which

an« used to any considerable extent at present, the liquid ingredients

in lacquers are all inflammable. Pyroxylin in solution is also inflam-

mable but not coml)Ustible. Therefore the modem lacquers, l)oth dip

and brush, will bum readily. Various pro<'esses have be<'n devised in

order to decrease this inflammability. The most interesting of these

attempts is perhaps that of I). Bachrach,' who proposes to add to

th<- usual fonstituints non-aqueous methyl, ethyl and amyl silicates,

and similar silicic esters. However, as a free acid is required to be

pres<^nt in order to prevent decomposition of the silicate, it is obvious

that the application must be extremely limited in lacquers. A. Xieske ^

su^^iests a salt of molybdenum, preferably sodium molybdate. Sodium

luetavanadate, paratungstate, and metantimonate have also been

suggestctl, but no constituent at present is being added to lacquers

l)y the manufacturers to reduce the inflammability.

in adju.sting formulas for specific purposes it must continually

Ix? borne in mind that in both dip and brush lacquers the ratio of

sjilvent and non-solvent must not at any stage of the evaporative

process reach bt^low the precipitating point of the pyroxylin or resin

contained therein, or deficiency in adhesion will result, due to partial

precipitation of the solids, whether that precipitation \)0 observable

or not. The pyroxylin may be thrown out of solution in a gelatinous

condition, observable by the film becoming opalescent and granular,

or a slight turbid appearance from precipitation of the resins. In

the majority of lacquer formulas, commercial competition has become

so k('( 11 as to (oni]!* 1 niaiiufai turers to introduce the maximum amount

of the much cheaper non-solvent benzine, and nearly to the point

of precipitation of the pyroxylin.'' If the non-solvent portion has the

less<r volatility so that the increment of non-solvent is continually

increasing <luring the evaporation of the lacquer to drj'ness, any

serious disturbance resulting in a preponderance of non-solvent will

result in precipitation which may or may not be visible to the naked

eye, but which becomes readily evident by decreasing strength of the

dried film. In properly balanced formulas the ratio between .solvent

1. U.S.P. 794581, lOai. See also process of «. Klose. U.S.P. 858660, 1907.

2. E.P. 2208.->, IS(H); B. Buchstah, D.R.P. 216:t07. 1909; P.P. 407S62, 1909,

proposes to treat the nitrocellulose with air. oxyRen or osone to render it more dif-

ficultly combustible, and then ilissolve to protluce laccjuerH.

3. D. .McCaine, Uii.P. '2H6212, 188:^, obtained patent protection for the use

of l)ensine on the claim that it temle<l to free the solution from air bubbles and a<ld

to its homogeneity.
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and precipitant is so adjusted that the equilibrium is not disturbed,

and the liquid of slowest evaporative power in every instance is a
solvent of the solids. Then any incompatibility during the evapora-

tion is remedied before the film has assumed the solid state, and its

continuity or strength is not affected.

Bronzing Liquids.' That class of pyroxylin lacquers used as

a medium for the application of aluminum and bronze powders is

variously known as Bronzine, Aurum, Argentine, Silverine, Lustrogen,

and Japanese, Chinese and Oriental Gold Paint. From an extensive

use as a covering material in the picture-frame industry it is often

spoken of as "gilding medium." On account of the presence of amy!
acetate as the most conspicuously smelling of the solvents, and which
has an odor somewhat resembling bananas, they have come to be com-
monly known as " banana liquids " or " banana oil." The modern
acceptation of the term was apparently first defined in the process

of C. M. Jacob, who in 1S7S 2 devised a mixture where pyroxylin in

methyl ether and ethyl alcohol (collodion) is mixed with the bronze,

the same "being suitable for gilding or silvering picture or other

frames." The claim of A. O. and W. S. Gill ^ is very similar, only

these inventors specified the distinct formula: 3% collodion, 75-SO^'^,

with 20-25% bronze powder."*

As a class, these liquids contain the least amount of pyrdxylin in

solution of lacquers offered for sale, usually averaging 2f and seldom

exceeding 3 oz. per gal.-^ These are the only entirely pyroxylin

lacquers used without dilution or thinning, and are colorless, neutral

liquids, of consistency of raw rape oil ^ and nearly always opales-

1. Meister, liUCiiis & Briining (D.R.P. 180680. 1904) liave devised a process
for obtaining special bronzing effects which consists in employing, accortiing to
the usual method of fixing bronzing and color lakes, azo dyestuffs which show,
in slightly soluble form, metallic luster, such as /)-nitraniline-o-benzylsulphonic aci<i

(diazo)+^-naphthol (D.R.P. l.")03(>(), cf. C'hem. Centr., 1!>04, 1. 1307); l)enzidine
(tetrazo) + 2 mol. /9-naphtholdisulphonic acid 2:3:6; ;)-nitraniline (diazo) +.?-

hydroxynaphthoic acid (m. pt. 210°); ;)-nitraniline-o-carboxylic acid ((liazo)+]'?-

hydroxynaphthoic acid (m. pt. 216°); ;>-nitraniline-o-sulphonic acid (diazo) +;9-
naphthol, reduced. The metallic luster and the color appear as the light is reflectetl

at different angles.

2. E.P. 2484, 1878. 3. E.P. 22610, 1891.
4. This was followed the next year by the process of W. E. and M. E. Williams

and ('. May, E.P. 4169, 1892, in which a claim for amyl acetate as solvent was
made. The application of W. Cutters for a similar preparation, E.P. 7688, 1892,
was refu.setl.

5. Where the proportion of pyroxylin or other solid is stated in a formula, or
a formula is given entire, it is to l)e understoo<l uide-ss otherwise indicated, that

the ingredients mentionefl are avoinlupois ounces by weight, and the liquids by
volume per U. S. gal. While this arrangement may not Iw as scientific as reduction
to the metric system, it is the metho<l usetl exclusively in lacquer-manufacturing
proces.ses in the United States at the present time.

6. Tested with a Boverton Re<lwoo<i vi.scosimeter. the viscosity of these bronz-
ing liquids will vary from 500-550 seconds, whereas rape oil under .same conditions
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ct'iit.' l-oruK'rly the pyroxylin wius dopcndi'il upon entirely for adhesive-

ness, but recently resins in amounts from 0.5-1.5 oz. pt?r gal. have Iieen

added, in order to partially replace the more expt>nsive nitrated cotton.

Hither mastic, which is n'udily soluble in amyl acetate,^ or the

softer copals as Kauri or Manilla which dissolve without difficulty

in refined fusel oil, arc ustnl. The latter resin is much the more

difficult to manipulate, owing to the fact that after having first l)ecn

dissolved in the fueel oil, filtered and then incorporated with the

pyroxylin, a well-marked tendency to precipitate in a finely divided con-

dition develops, giving to the finished preparation a milky appearance

not easily removed. Balsam of fir^ or Venice turjx'ntine^ has been

u.setl for the same purpose, and Patat has secured a patent * for a

bronzing liquid containing sandarac as the resin. A patent has also

been granted him for a bronzing liquid composed of o% celluloid,

45' c amyl acetate and 50% methylated spirit to which 5% castor

oil has been added.^

of temperature and in the same instrument requires oiio seconds, and water 25.5
seconds to pass through the orifice.

1. Because seldom, if ever, filtered. Immediately after manufacture the solu-

tions are nm into tin- or glass-lined settling tanks, aiul there allowed to remain
at rest for one or two weeks or until required, to enable the heavier particles and
insoluble material to subside. The settlings or " bottoms " are utilizc<I in the
manufacture of waterproofing mixtures and artificial leather-coating compositions,
where the opalescence is maske<l by the addition of dyes or pigments.

2. Occasionally mastic is found, which instead of iKnng the usual transparent
yellow tears, is translucent, minutely granular, due to innumerable fine cracks and
striations, and which refuses to dissolve completely in amyl acetate, in which
fluid it normally is readily and con«pletely soluble.

3. Sometimes called Canada balsam, an oleoresinous and straw-colored, viscous
exudation from the Canadian pine, which soon hardens on exposure to the air.

It is readily soluble in benzine, benzene, amyl alcohol, absolute mothyl alcohol
and acetone, and upon evaporation of the solvent, a transparent film of high
refraction is left. The crude oleoresin contains sticks, pieces of bark and other
extraneous impurities usually removed by filtration through paper or chamois assisted

by heat. Its density is said to average 0.998 at 15°. In combination with
pyro.xylin, Canada balsam has been reconmiended by T. M. Minnis (E.P. 3033, 1903)
as a coating for ground-glass surfaces to form transparent letters or signs. Such
a solution has been proposed instead of pure balsam as a mounting medium for

microscopical specimens in biological and histological work, the claim i)eing made
that the transparency is not decreased, while the strength of the dried film is greatly

augmented.
4. Another oleoresin, known as Briancon turpentine, a bright or greenish-

yellow liquid, usually nebulous (cloudy) from moisture, but bright and clear when
freed from water. UnUke other turpentine, it does not separate into two layers

upon standing. This turpentine is readily soluble in amyl alcohol and acetate,

acetone and wood alcohol, melts at 130°, and has a specific gravity of 0.856. The
most frequent adulterant is ordinary turpentine, from which it may l)e recognized
by gently heating to volatilize the volatile oil, and then moistening the residue
with alcohol. If this residue has a crj'stalline appearance, common turpentine
:s present. It is often use<l in snmll amounts as an ingre^lient in various pyroxylin-
rontaining formula, the popular l)elief l)eing that its extreme adbesivenesM aida
materiallv in the strength imparted by the pyro.xylin.

5. K.P. 361394, 1906.

6. 5% (the amount of celluloid stated as present) is e<|uivalent to 6.4 oi. per
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These li(iuids are applied by mixing a sinuU amount of the bronzing

medium with the bronze to a thin consistency, and applying by means

of a fine camel's hair brush. On account of the high volatility of the

solvents, it is discreet to mix but small amounts at a time, iand just

before use. In respect to evaporation there is great variation,

dependent upon the relative proportion of slower evaporating

liquids (amyl acetate and fusel oil) as compared with those of greater

volatility (wood alcohol, acetone).^ Occasionally these preparations

are offered for sale ready mixed, but when the lacquer is left in con-

tact with the bronze for any considerable length of time, especially

if the bronze be aluminum, gelatinization takes place, and the liquid

contents partially or wholly solidify, this gelatinized mixture being

insoluble in all known pyroxylin solvents. The preparation, there-

fore, has to be discarded.^ Copper bronzes are less liable to induce

gelatinization, but prolonged contact with the bronzing liquid dimin-

ishes its luster to a noticeable extent, and causes an appreciable amount

to pass into solution, imparting to the liquid a pale-green color, and an

acid reaction which is sufhcicntly marked to be estimated by titration.

In the ordinary method of mixing and use, small particles of the

bronze may be applied which are not entirely enveloped by the pro-

tecting lacquer.-^ The brilliance may, therefore, be greatly prolonged

by covering the gilded work with a second coat of the clear liquid.

This, of course, does hot apply to aluminum, which is unaffected by

the hydrogen sulphide in the air.

gal., and inasmuch as the viscosity of commercial celluloid is about three times
that of the pyroxylins used in lacquers it follows that in fluidity this mixture would
be equivalent to at least a pound solution, a practically impossible working mixture.
If diluted to a consistency sufficiently thin to admit of successful working, there

would be present a too small amount of pyroxylin to give sufficient adhesion. The
object of the castor oil is not apparent, unless the preparation was intended as
an application to a flexible backing as paper or cloth.

1. Usually 50-60% combined solvents are present, the balance consisting

of benzine and benzene. The proportion of the more expensive and higher boiling-

point solvent (amyl acetate) required, depends upon the nature of the other solvents

employed, and seldom falls below 35%. The preSent tendency of the manufacturers
is to mtroduce the maximum (53-57%) benzine, in order to reduce the cost of

protluction. Where a resin is added in conjunction with the pyroxylin, mastic
IS generally used, the reason being that although comparatively an expensive
resin, it will admit of the addition of a larger percentage of benzine without pre-

cipitation. The advantage of benzine 02° B6. over 71° h6. in this instance is its

slower volatility, and hence less speedy evaporation of the combine<l liquid and
bronze during use.

2. The solution is generally utilized in cheap colored laccjuers. Various ex-

planations have been offered to account for this peculiar gelatinization, one being
that the aluminum induces galvanic action, but such action must lie sufficiently

passive to have no efTect upon the metal, for aluminum cannot l>e detcctetl analyt-

ically in a filtered gelatinized .solution.

3. The action of the hydrogen sulphide normally present in minut« amounts
in the air acts upon the exposed copper, and darkens it by the formation of black

copper sulphide.
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Preparation of Gilded Lace. A patent ban recently been issued

to Daly ' for the use of bronzing licjuids in the manufacture of lace

gilded with the precious metals. The lace is first coated with a "col-

lodion " and while still in the moist statt?, bronze is sprinkled over

the surface, or the two processes are combined by a previous mixture

of the collodion and bronze. The excess of liquid is removed by a

blower, the meshes of the lace being left open, while the threads Ix;-

come stiffened from the coating. Another method is to stretch the

lace on a frame, and brush over with a solution of bronze and shellac.

Silver sulphide is then precipitated on this framework by treating

successively with an alcoholic silver nitrate solution and then with a

soluble sulphide. The lace prepared by either of the above methods

is then stretched on a wire cage, a coil of copper wrapped around,

and the whole immersed in an electroplating bath. A layer of metal,

'

i.e., copper, is deposited upon it. After this has been rendered com-
pact by brushing, or rolling, the lace is again immersed in the bath

and covered with a deposit of gold, silver or other metal. It is said

that gold is to be used where it is desired to retain the flexibility of the

lace, as other metals impart stiffness to it.

Imitation Mother-of-Pearl Films. The process of Hahn* for

the production of these films consists in preparing a solution of

nitrocellulose in ether-alcohol (1 part nitrocellulose, 78 parts 90%
alcohol, 21 parts ether) to which from 5 to 10 parts soluble glass (sodium

silicate) is added. The water present in the silicate is insufficient,

it is claimed, to cause precipitation. Upon spreading the solution

upon wood or paper, and allowing to evaporate slowly and at atmos-

pheric temperature, the silicate partially cracks into a multitude of

fine fissures nearly invisible, and this imparts a sheen and luster caused

by the silicate particles splitting up the light into the primary colors,

the rainbow effect quite simulating the nacreous appearance of the

natural material. The optical effect may be varied considerably

by substituting a potash for a soda silicate, and by varying the con-

centration of the nitrocellulose and the speed of evaporation. It is

said that the introduction of 25% carbon bisulphide or benzine pro-

duces a marked difference in the brilliancy and arrangement of the

colors developed in the mother-of-pearl-like surface. Himniel ^ takes

a polished or lacquered surface of some pliable material such as leather,

distributes various-colored bronze powders over the surface, after

which the surface is pressed with a heated die with intaglio design.

1. E.P. 5348. 11)02.

2. E.P. 1313U. IS'.H; al)st. .J.S.C.I., IS'.M, 13, 1072.

3. E.P. 18413, IS'JI.
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The bronze may be distributed through a stencil plate or differently

colored bronzes may be blown on by means of atomizers. Very finely

powdered mica added to the bronzes is said to heighten the natural

effect. The Tiller mica lacquer • is prepared by mixing finely pow-

dered mica (20-30 parts) with a 4% cellulose nitrate. By dissolving

various dycstuffs in the lacquer a multitude of curious and permanent

effects may be produced. With the process of M. Bauche^ fish scales

are carefully cleansed and dried, the smaller scales of minnows and

sunfish being considered preferable. A suitable cloth or leather

backing is saturated with a pyroxylin lacquer, over the moist surface

of which is dusted the iridescent scales. Beautiful effects are said

to be produced by substituting for the fish scales, the scales forming

the " dust " on the wings of butterflies, moths and other lepidopterous

insects, as well as the ground wings of certain brilliant-hued beetles,

and similar coleopterous insects. G. Keil and K. Plischke^ dissolve

out the shining substance from fish scales with water, evaporate to

drj'^ness, and then stir it in a pyroxylin lacquer.

Imitation Gold Leaf. Quite recently * a process for producing

imitation gold and silver leaf has been patented, which apparently

is quite feasible. " Soluble cotton "
({ lb) is dissolved in 1 gal. amyl

acetate, and this combination mixed with 25% bronze. After very

thorough mixing the preparation is poured over a liquid heavier

than the bronzing solution as water, glycerol, or carbon tetrachloride,

depending upon the weight of bronze. The amyl acetate evaporates

and leaves a thin metallic film or leaf on the surface of the water.

It is not stated in what manner the amyl acetate layer is placed on the

water without causing precipitation of the pyroxylin, before the latter

assumes the solid form. By substituting aluminum powder for the

bronze, it is claimed, silver leaf can be produced with equal facility.

In the United States, this patent has passed through the exper-

imental stage, and considerable quantities of this imitation gold leaf,

or "Oriental Tissue " and " Japanese Leaf," as it is more often called,

is prepared in the following manner: The formula stated above by

1. P.P. 381195, 1907; abst. J.S.C.I., 1908, 27, 81; F. R. Tiller, O. L. Benzinger
and R. A. Meyer.

2. E. P. 3880, 1887. In the hands of O. Parkert (Sprechsaal, 1910, 43. 327),
" perlmuttin," a nroduct preparetl from mica schist, is use<l for obtaining fish-

scale effects on glass and f>ottery, the substance being applied with " collodion
as the medium."

3. D.R.P. 215672, 1908.
4. n. R. Circijory. U.S.P. 826781. 190(): Kiirtz (P.P. 398028, 19(XS) obtains a

gold leaf comooumi by mixing together nitrocelhilose 20.2.') gm., goKI bronze 20
gni.. Iin.'«?e<i oil 3 gm., amyl acetate 'KK) cc, l)enzonr l.")() cc, methyl Hirohol .W cc.,

.spreading out into thin sheets and drying. Por other similar processes see .\. Huck
and L. Pischer, E.P. 6246, 1901; 17311, 1902.
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the patentee has been fouml unduly exjxnwive luiU may Ik* replaced

by aniyl acetate 45 ^(, refined fusel oil S*:;, and l>cnzine (52*^ -iTA, the

pyroxylin and bronze being substantially sm stated above. No readily

water-soluble solvents or non-solvents must enter the formula on
account of danger in rendering the film white, opacjue and devoid

of strength when the solution is floated on the surface? of the water.

A long vat, of wood, from 50-75 ft. in length and about 2 ft. wide

is filleti with water from ti-12 in. in depth. .\ hopper carr}'ing the

bronze and solvent mixture, and having a slit at the bottom which

is adjustable, is filled with laccjupr-bronze mixture, the diameter of

the slit adjusted, and this hopper rolled over the surface of the water,

but not touching, the sides of the vat acting as a track on which the

hopper runs. By vanning the diameter of the slit in the hopper and
the sjjeed of the movement over the surface of the water, the depth

of the film may be varied within wide limits. That gold bronze found

most applicable is known in the trade as Dutch gold or " blue elephant."

There is thus deposited on the surface of the water a gilt film of some
50 ft. in length and of a width so that when trimmed it is 1 ft.,

and in this manner appears in commerce. The thickness is about

the same as a sheet of ordinary writing paper. This imitation gold

leaf is finding extensive use in the book-binders' trade in the place

of renl gold leaf for lettering titles.

Heat-Resisting Bronzing Liquids. In coating metal surfaces

exposed to heat, i.e., registers, radiators, steam pipes, etc., a purely

pyroxylin coating would decompose, disintegrate and soon become

worthless, from " peeling " of the metallic coating. In order to pre-

pare combinations which will withstand a moderate but continued

heat, Iwiled linseed and other drying oils are added in the proportion

of 3-5 oz. and the resin is increased. The commercial preparations

known as " Pyrobronzine," *' Randco," " Frosted Silver Finish," and by

other names, are said to Ix? formulated on this principle, possessing great

tenacity and heat-resisting properties, and except upon long standing

do not gelatinize. This enables the preparation to be sold ready

mixed, and thus insures that the proper proportion of bronze to

liquid will be applied, a point of considerable importance when

small amounts are mixed by hand and without weighing or

measuring the entering materials. These preparations without

exception are much slower in drj'ing than pyroxylin bronzing

liquids, due to the presence of the vegetable oil.* A typical form-

1. -\ccording to Livache ("Oils and Vanii-shes." 108) " Iridcacent hronse var-

nishes, which are so much employed to protluco iridescence on military ornaments,
s|)rays, feathers, binls' wings, etc., are colore*! by fuchsine (magenta crystals).

The iridescence is first produced by coating the object with a magenta-tinted var-
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ulu of the two chusscs of bronzing liquids dcscribctl above, is sub-

stantially as follows:

'

I. II.

Amyl acetate 40-50 35-45

Refined fusel oil 4-5 20-30

Wood alcohol, 97% 35-50 15-25

Benzine 62° 20-25 15-20

Benzine 71° 15-25 15-25

Boiled linseed oil — 4-6

Pyroxylin 2 . 75 3.0

Mastic, or Canada balsam 1.5 —
Copal — 4.0

Aluminum or bronze — 10.0

" Kerosene-Soluble " Bronzing Liquids. In attempts to meet

competition in price, there have quite recently appeared what might

be called with propriety, "imitation" bronzing liquids, and which

contain no pyroxylin. Perhaps the best known of these are the

so-called kerosene-soluble mixtures. They apparently are nothing but

a solution of ordinary rosin (colophony) in benzine, analysis of such

a solution giving the figures: Rosin, 27%, benzine 62°, 73%. The
cost of such a preparation would be less than a fourth of the bronzing

liquids containing pyroxylin. The resin acids present in the rosin

would restrict the use of such sl preparation to aluminum, and then

the adhesiveness would be very much inferior to a pyroxylin-contain-

ing solution. The use would be restricted to the most inexpensive

work, where no wear from actual contact could take place, as in frescoes

and coatings for moldings and similar interior work.
** Water-Soluble " Bronzing Liquids. The extreme limit of

inexpensive products of this nature has apparently been reached with

the appearance of preparations making claims to readj^ solubility

in cold water. Examination showed the presence of 27.5% sodium

silicate (water glass) dissolved in water. The free alkali normally

present in the silicate would preclude the use of the various coppcr-

nish, and when it is well dried it is laid on filter paper place<I over bleaching
pow<ler, diluted to a thin paste with water. Under tne influence of the escaping
chlorine', in a few hours the coloring matter is oxidizcil, thu.s producing the «lcsire«l

iridescence."

1. In thi.s and all suhstniuent formulas given, it must \te rememl»crc<l that
the variation in percentage of amyl acetate in the commercial ester, and the ratio
of higher to lower acetates; the nature of the uncombined alcohols and the propor-
tion of alcohols other than amyl in the rectifie<l fusel oil used; the siccatives and
extent of boiling of the linseed oil; the solubility and viscosity of the pyro.xylin;

and the grade of resin use<l, are all factors which have to Ik" taken into consideration,
and allowed for in the prtxiuction of definite fonnuhis for s|>ecific purposes. In
general in all lacquer formulas the maximum of l)enzine is addcii because it is

the cheapest water-free and non-hygroscopic liquid obtainable.
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containiii}; bronzes, and limit the u-se to aluiiiinuiu alonr. The alu-

nunum ami medium wouKl Ix; stirretl together iniiii(>diatoly iK'fore use.

It is said to have considerable dt'inaiul among manufacturers of toys

for silvering, antl in the manufacture of cheap picture frames, moldings

and interior mural work.

Testing of Bronzing Liquids. In addition to clearness* and

color, a general examination a^ to suitability is confined to testing

the adherence of the liquid to a metallic or glassy surface when ad-

mixed with sufficient bronze to produce an opaque covering in thin

layers. One part of bronze by weight is thoroughly incoqwrated

with 2 parts liquid, and spread upon a smooth surface, usually a glass

microscope slide. The speed of evaporation, appearance of the film,

and tenacity of adhesion, together with a comparison of the brilliancy

of the bronze before and after admixture with the liquid, are the points

usually taken into consideration, A slight acidity will appreciably

dull the appearance of the bronze. The color and viscosity of the

fluid may be determined as described under lacquers, but in practice

this is seldom, if ever done. A properly prepared liquid will not

become cloudy when used in damp weather.

Manufacture of .Aluminum and Bronzes. According to

Stockmeir^ powdered aluminum is produced by grinding the metal

in a stamp mill or mortar, then sorting by air flotation or elutriation,

and polishing by grinding with oil. The latter operation is preceded

in the case of the finest " bronzes " by a grinding with acacia solu-

tion and washing with water. The temperature of ignition of ordinary

aluminum bronze powder is 480-490°, that of the finest being 280°.

Considerable danger from explosion results in the method of air

flotation due to the presence of hydrogen, and in a lesser degree to

the presence of sparks from frictional electricity. Copf)er and colored

bronzes are prepared by passing the alloy through powerful hydraulic

cylindrical presses, which makes the dimension perpendicular to the

rolls any desired thickness, and this can be determined with great

accuracy by adjusting the rolls. This rolling under powerful presses

1. Clearness of the original fluid is indicative of the completeness with which
the soUtl matter has l)een removetl. Opalescence pnxluccd during the dryinR of

the film may Ik; due to two causi'.s: (1) The solvent may have eva|)<)rate<l more
rea<lily tlian the non-solvent, the latter predominatinj? to a sufticieiit extent to

precipitate the pyroxylin. Or. (2) e.xcess of low-l)oiling aiul hygrcwcopic solvents

which produce the " dew point " in the vicinity of the evaporating lacquer, and
the moi^ure aljsorbed by the pyroxyUn may l>e sufficient to throw it out of solu-

tion. If sufficient high-lx»iling solvent is present, this precipitation is only tem-
porary, and the cloudy film will l>ecome tran.sparent hefore hanlening and remain so.

2. Zeit. ang. ('hem. 1006, 19. ItWi.'i. For historical and technical ."sketch of the

manufacture of bronze jwwders, but with no reference to Bessemer's work, see C.

t'effignier, Rev. chim. ind., 18, 111.



310 NITROCELLULOSE INDUSTRY

is what gives the flake appearance to aluminum and bronze powders.

The thin sheets are then cut into smaller pieces, cither with knives

or by trituration in large mortars, until the requisite fineness is ob-

tained. This fineness is determined by printing on glazed paper and
immediately brushing a sample of bronze on the moist surface, to-

gether with a sample of a bronze of satisfactory fineness. As the

layer of ink is very thin, it must follow that the bronze of smallest

individual particles will adhere more firmly. After drying a comparison

is made by brushing the satisfactory and tested sample and determin-

ing which brushes off the more readily.

Pyroxylin Lacquers. ^ In the transparent solutions the only

solid is cellulose nitrate, although pyroxylin solutions containing pig-

ments are usually classed under this heading. A p^Toxylin lacquer

may be defined as a protective coating in which the adhesive is entirely

pyroxylin, any pigment or dyestuff present being for ornamentation

and decreasing the tenacity of the dried film. The cellulose nitrate

is usually present ivithin the limits of 5-6 oz. Accompanying each

lacquer and intended to be mixed with it just before using is a " thin-

ner " of same name. This liquid is of approximately the some com-
position as the corresponding lacquer, except it has no total solids.

It is the fluid portion of the lacquer. The lacquers as sold are too heavy
for the majority of uses, and require to be diluted with thinner in the

proportion of 2 or 3 volumes of thinner to 2 of lacquer. The object

in arranging the liquids in this manner is to give latitude to the user

to employ solutions of viscosity suited to the particular work to which

it is intended to be applied. The strength of pyroxylin in a lacquer

ready for use is therefore about the same as in the bronzing liquids.

The volatility of the liquid portion of the lacquer during use tends to

increase the total solids and cause the solution to thicken gradually,

and it would be impossible for the user to keep the solution continually

to the body necessary to his individual requirements, if thinners of

this nature were not at hand. This diluting medium is much less

expensive than the lacquer due to the absence of pyroxylin, hence the

consumer endeavors to use the maximum amount of thinner with a

given quantity of lacquer. The limit of dilution is reached when (a)

the film is so thin as to lack the desired strength, or (6) the thinner

portions of the dried film become rainbow colored (iridesce). Inasmuch

as these lacquers are never colorless, due principally to the yellowish

tinge of the dissolved pyroxylin, the smaller amount of lacquer required

to produce a given result or cover a given surface, tlecreases the lia-

1. CrtMlit for i)rcpiirinK the first tninsparent .silverwuro liicquer with coilo.Iiuii

ia given to II. iStrollwrger (('hem. News, Juno, IStiU; .\m. Jour. Pharni., lS(iO 41. -iTO.
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hility of the coatctl metal from appearing yellowish, especially when
vi('we<I by reflected light. In highly polinheil and white metaln, at*

nii'kel and silver, this Ix'coracs of considerable fmportance. Usually

the lacquer is diluted until a piece of coate<l metal begins to iridesce,

this being overcome by the addition of a small amount of unthinned

lacquer, when it is ready for use. Some pyroxylin lac<iuer manufac-

turers introduce a verj- small amount of resin, usually shellac or copal,

in quantities less than 0.5^^, in ortler to further reduce the Uability

to iridescence and^dmit of a larger proportion of thinner being used.

This increases the covering power by decreasing the thickness of film

ilcposited. E. X. Todd has obtained a patent for the u.se of balsam

of tolu ^ as an ingredient in pyroxylin lacquers, which produces a

decided tendency to decrease liability to iridescence, and according

to the patentee possesses the additional advantage of being a latent

solvent of pyroxylin.

These lacquers are invariably clarified before use, sometimes by
long standing, but more usually by paper filtration in a filter press.

The finest are known as "water white," and made from nitrated tissue

paper, it having l>een found that cotton will not give as colorless a

solution after nitration as paper. Paper pyroxylin in solution seems

to filter more readily and completely than nitrated cotton or wood, so

that a paper pyroxylin in solution has a clearer, more resplendent

appearance, not unlike chemically pure glycerol. It has also been

observed that a paper pyroxylin lacquer is also less prone to become

cloudy on standing than is a similar formula prepared from nitrated

cotton. These " water white " lacquers, which are employed exclu-

sively in coating silverware, are usually solutions high in amyl acetate

and refined fu.sel oil, with the limit (around oo^'i) of lx>nzine added to

reduce the cost. The yearly increase in the cost of pro<luction of amyl

alcohol and amyl acetate has compelled lacquer manufacturers to

a<llun- very closely to this line of demarcation between solution of the

pyroxylin on the one hand and its precipitation by the benzine on

the other, the r61e of the pyroxylin non-solvent fu.sel oil apparently

l)eing passive. In a satisfactory lacquer the liquid constituents are so

adjusted as to dr}- slowly in the air, so that distortion and wrinkling

of the film docs not occur. By the use of benzines of varj'ing boiling

points and therefore rates of evaporation, it has been possible to

cheapen lacquers of this class by increasing the lower boiling

point and less expensive solvents (wood alcohol and acetone)

with a corresponding reiluction in the amount of amyl acetate

1. UJS.P. 384005, 1888; E.P. 6870, 1887.
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roquirod. A typical forimila for lacfpicr and corrospondin'; thinner

would be :
1

I.Acquer. . Thinner.

Pyroxylin ')..'> oz

.

— , ^,z.

Amyl acetate 45. " 40. "

Refined fusel oil 7. '' 6. "

Wood alcohol 1)7' , 24. " 35. "

Benzine62° 32. " 20. "

Benzine 71° 20. " 27. "

They are often erroneously called "celluloid " lacquers and varnishes,

but the presence of camphor or its substitutes in amounts as high as

normally present in celluloid would preclude the use of the preparation

as a lacquer, for upon drying the camphor would either crystallize

out or be precipitated in an amorphous state, in either instance

resulting in the formation of a lusterless and opaque film, and imparting

a dull or granular appearance to the coated metal. Calcium chloride 2

has been added in small amounts as a constituent of those pyroxylin

lacquers designed more particularly as coatings for wood in order to

decrease the inflammability.

Method of Using Pyroxylin Lacquers. In 1887 ^ Frederick

Crane obtained a patent in England for a method of applying pryoxylin

1. It will Ijc observed in comparing the proportions of liquids in the thinner
and lacquer given, that in the thinner the lower boiling solvents are present in larger

amounts than the lacquer, and the reverse is the case with the higher-boiling point
solvents. This is due to the greater volatility of those solvents of lower boiling

points, and hence as thinner is added from time to time, less fusel oil and amyl
acetate will evaporate as compared with the other solvents, which fact is allowed
for in combining the proportions as stated. On account of the (usually) unknown
amount of ester in commercial acetates, and its wide variation, this and future
formulas can only be regarded as approximate. H. Zwick has pat<?nte<l (D.R.P.
211520, 1!>()7) the use of a series of lacquers, whereby the limit of water is addeil,

the rea.son not Ixiing apparent. He adds water and fats or oils to solutions of nitrateil

cellulose in a mixture of solvents of different volatility and solvent power, or to

.solutions of mixtures of nitrocellulose with other colloids (resins, balsams), in.soluble

in water, in one solvent or a mixture of solvents, varnishes are pro<luce<l, which
possess such good covering power that satisfactory coatings arc obtained by dipping
articles in them. Suitable preparations are: (1) Colknlion, 100; ether, lOOtJ;

9(5% alcohol, 200; acetone, 200; linseed oil, 40; and water, 75 gm. (2) Collodion,

100; 96% alcohol, 900; ethyl acetate, .'iOO; shellac, 2'); castor oil, 40; and water,

75 gm. (3) Collodion, 100; ethyl acetate, KKX); sandarac resin, 30; and water,
75 gm. B. Buchstab (D.R.P. 216307, 190*.)) has devised a peculiar process in which
nitnxjellulose is dissolvetl in a suitable solvent (e.g., is ust^d as colhxlion) and treAte<l

with air, oxygen, ozone, or gases containing oxygen until the .solution is a brownish-
yellow color. The thick liquid thus obtaintnl is diluteit to suitable consistency
with methyl or ethyl alcohol. For preparing paint-oils, et«., the solution is mixe<l
with suitable non-drying or semi-ilrying oils, and for preparing lacquers, wnth resins,

glycerin, etc. The products may lie rendered incombustible by adding lactic acicl

or a lactate, especially strontium lactate. In place of using nitrocellul«we for the
process, materials containing nitrocellulose, such a.s celluloid, may be employed.

2. L. L. B6thi.sy, F.P. 340622, 3473a3, 1904,
3. E.P. 4954, 1887.
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lacquers on a coruincK ial scale, which with unimportant modificationi}

is the method in use at the present time. A room or chamber a, of

Huitahle material (Figs. S2 and S.S), either Htationary or placed on whet'ls

for moving about, is providctl at one end with a tank b containing the

Fic,. S2.—Crane's Methtxl for Lacquering With Pyroxylin.

coating compound employed, and a charging door h, and at the other

end with a discharging door. In the example shown, the vessel is inside

the charging door in order to decrease loss by evaporation. It may
be placed outside, however, in which case it should be well covered

when not in use. Side frames d, d, provided with friction rollers

Fio. 83.—lacquering Small Objects with Pyroxylin. 1. Tin line<l, woo«len case

(lipping tank. 2. Sliding rack. 3. Steani coil. 4. Folding door for removal
of lac«iiiered goo<ls. 5. Track for sliding rack.

€, e, are designed for carrying bearing pieces /, /, connected with ro<ls

on which the dipped or brushed articles may first be hung to drain,

and afterwards pushed into another chamber to dry. A second row of

articles is then pushed in, dippe<l or brushed and di.sposed of in the

same manner. When the chaml)er is full, the rod first fdled and which
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is nearest to the exit is withdrawn. The doors may be balanced by

springs or weights so as to dose automatically. The charging and

discharging doors are best placed at opposite ends of the lacquering

chamber, which then makes the process a continuous one, and in which

case the articles to be coated are placed on rods swiveling on a vertical

shaft. The container should be of sufficient size and protected from

drafts, and the temperature k'.'pt fluctuating around 40°. The articles

to be coated are first suspended on copper wire, and after dipping

placed directly over the tank to drain, while other articles are being

immersed. After the formation of the first pellicle or skin over the

coated surface, and this usually occurs within five minutes, they may
be removed to a drying room, preferably steam heated, and with the

temperature about 45°, this heat being sufficient only to expel the

dampness and completely remove any occluded moisture. If the lac-

quer has become so thin as to iridesce the surface of the work, the

rainbow streaks may be removed by applying another coat, after the

first has thoroughly dried. All articles previous to coating should be

well cleansed, and as free from dirt and grease as for electroplating.

Dirt, dust, dampness, cold and drafts should be carefully avoided if

best results are to be attained. The lacquer smooths itself in

drj'ing, takes up its own drip, which renders it practicable

to coat any article regardless of its size or configuration. If

upon drying the drip is not completely taken up, the lacquer

is too heavy and requires thinning. The two extremes to be

guarded against in regulating the consistency of the lacquer, are

iridescence from insufficient, and the appearance of a drip from too

much pyroxylin.

The method of lacquering by Bradford and Rawlins ^ economizes

space by constructing frames ^•onnected by tie beams and provided

with ledges or supports for the runners of a series of sliding trays.

These are adapted to receive the lacquered articles, the bottoms being

formed of a number of narrow strips. The filled trays are inserted

in the frames, which may n^ach from floor to ceiling. Any artificially

heated room is said to be suitable. The method of A. Junghans,^

which consists in substituting artificial light for artificial heat, as in

the direct light from an electric arc lamp, has never been used

extensively.

C. Schroeder, L. I^evi and A. Lasche^ have patented a method of

coating cigar tips with a waterproof, pliant, non-scaling coating, using

1. R. D. Bradford and G. Rawlins. E.P. 21132, 1896.

2. F.P. 321821, 1<K)2; abst. J.S.C.I. 1903, 22, 288.

3. U.S.P. 961582, 1010.



PYROXYLIN LACQl'ERS, ENAMELS AND BRONZING FLUinS 321

pyroxylin, the inorganic salts of a fatty acid * and a " balsam." *

Their preferreti formula consists of colhKlion 40 cc, calcium resinoleatc

1 gm., Venice turpentine 1 cc. and alcohol 8 cc.^ The tips of the

cigars are dipped in this laccjuer and dried, the coating being sufficiently

flexible so that when the cigar is placed l)etween the lips or teeth and
compressed, there is Uttle liability of cracking or scaling off, nnd the

cigar wrapper is prevented from unwinding.

Lacqucnnl articles are not injured by <lirt, may l)c cleaiLsed by the

cautious applicat-ion of warm water and soap, will not chalk, and reatlily

take a high polish. It is an error, however, to attempt to polish lacquered

metals, for the friction only removes the protecting coating. Dipping

is a cheaper and much more rapid method of coating than brushing,

especially with articles of engravetl or intricate design, as fancy door

knobs, escutcheons, chandeliers and statuarj'. If the lacquer iK'comes

too thick, it should invariably be diluted only with the thinner which

accompanies it, and with which it is designed to be use<l. Serious

difficulties have been experienced by attempting to use a thinner

procuretl from one source to reduce the consistency of a lacquer obtained

from another manufacturer, both lacquer and thinner being designed

for the same chiss of work. This is liecau.se producers of lacquers

adjust the solvent portion to accord with the nature and physical

characteristics of the pyroxylin employed, and also as has been said,

because the point of precipitation of the pyroxylin has been very

closely approached by the use of a maximum amount of the cheapest

non-solvent (benzine).

Pyroxylin Paper Impregnation. For the protection of impor-

tant documents or papers subjected to wear or the elements,

impregnation of the paper with a cellulose nitrate solution is often

resorted to. In printed matter, as engravings, maps, or stenciled

work, no especial precautions are necessary-, but often the more

important documents are written or engrossed with India inks, which

contain shellac as a vehicle to hold the carbon in the ink in suspen-

sion. The fluids entering into the usual pyroxylin lacquer formulas

are ready solvents of shellac, therefore dipping such a document in

a p}Toxylin lacquer would seriously decrease the legibility of

the writing. In such instances, the document is first immersed in a

2% solution of gelatin, allowed to dry, and then immersed in a 6-8

1. Calcium, barium or strontium caprylate, magnesium stearato, or calcium,

oleate, Unoleate or resinoleate are claimed as satisfactory fur this use.

2. Venice turpentine, ( aiia>^la l)alsain, I'eru, tolu or copailia are specified.

3. The calcium resinoleate, Venice turpentine and alcohol are combined and
heated imtil calciimi resinoleate dissolves. The mixture is then cooled and the

collodion added.
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oz. pyroxylin lacquer, after which it is dried at ordinary temperature.

With aniline black, logwood, or the modem tannin-iron classes of inks,

direct immersion in the lacquer followed by drying is the usual pro-

cedure.^ The amount of pyroxylin in solution is varied according

to the surface of the paper; with those papers which are heavily filled

and present therefore a smooth glazed surface, a lighter coating is

required than with papers without filling. Usually one coat is suf-

ficient. To prevent attacks of insects or molding, naphthol and similar

fungicides have been added, but it has been noted in isolated instances

that the naphthol apparently exerted an appreciable effect on the

inks. With legal instruments whose authenticity is called in question

and which arc made the basis of examination and testimony before

courts of law, it is often advisable to coat the document (a will, for

instance) with pyroxylin lacquer, before the instrument is turned

over to the handwriting and ink experts, that no dirt or other marks

may come in contact with the surface of the paper during what may be

extended microscopical investigations, and the unavoidable handling

which such an instrument undergoes when offered in evidence.

In the preparation of stereotype paper according to the process of

D. Gestetner 2 the paper is coated with a wax composition which dries

and hardens on exposure to the atmosphere. This composition is pre-

pared by mixing Javanese paraffin wax, 3 parts, camauba wax, 1 part,

and linseed or other drying oil, or fatty acids of the same, 3 parts, all

by weight. The composition is kept in a molten state in a closed vessel

from which the air is exhausted; a little terebene may be added, the

vapors of which will fill the interior of the vessel above the molten

wax, or an inert gas may be introduced into the vessel instead of

exhausting the air from the latter. The paper is given a final coating

by immersing in a 5 oz. to the gal. pyroxylin solution to give a smooth

surface and prevent soiling. So-called " pei-fume paper " (.\rmenian

or Oriental paper) is unsized paper which has been nitrated, dried,

impregnated with an alcoholic solution of ethereal oils and resins,

and then re-dried.

Manufacture of Collapsible Tubes. B. J. B. Mills ^ proposes

to form collapsible tubes and other tubular articles from a solution

of pyroxylin preferably in amyl acetate, and of about 8 oz. strength.

A small amount of drying oil, as linseed or castor oil, to impart greater

1. The modem writing fluids contain a blue water-soluble triphenyl rosanilinc

dyestuff in solution to give a distinct first color until the atmospheric development
of the combination of the tannin and iron is sufficient to establish a heavy {jermanent
color. These dyestufTs, as well as the indigo-carmines formerly used for the pur-
pose, are unaffected by the cellulose nitrate solvents.

2. F.P. Sfl.'iTSS, 1<K)S.

3. For the Transparent Cellulose Products Company, E.P. lisa"), 1902.
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flexibility, is said to Ix* of advantage. A coUapHible tube is obtatneil

in the first stage by (tipping a suitable fomi, prefembly a glasH tube

with a threaded neek, into the solution one or more times, and <ln»'ing

after each dipping. When a sufficiently thick layer has been built

up, the application of hot water or wet steam will cause the tube to

come away from the ghuss support, which is then placed in a form until

dr}'. Attempts to prmluce capsules for internal adminii^tration of

me<licines has l)een a failure. Formerly it was thought that pyroxylin,

like keratin, was iiusoluble in the gastric juice but soluble in the intestinal

secretions, and therefore offered a reatly media for the ingestion of

medicaments into the intestines without being affected by the gastric

secretions. Experiments upon the lower animals, however, have

demonstratetl that pyroxylin is practically unattacki^d by all normal

animal secretions.

Coating Sounding Tubes. A process has Ix.'cn perfected by C.

E. Munroc ^ for a device to tletermine sea levels, the value of which

depends upon pyroxylin. It is known that in many places the land

dips so gratlually under the sea that the approach toward shore may
be detected at a considerable distance from land and the proximity

to shoals may be determinetl. It is difficult to carry this operation

out except in comparatively, shallow water and when the vessel is

going at a slow speed. Greater safety was attained when Sir W.
Thompson (I-ord Kelvin) invented his sounding machine .^ By means

of wire instead of the old hempen lead line, it has become possible

to determine depths up to 300 feet and when the speed of the

vessel is as high as 18 knots per hour. In a new method suggested

by Surgeon Paul Burrill, of the Compagnie Generale Transatlan-

tique, 16.5 gm. of finely ground silver chromate is shaken with 500

cc. photographic emulsion of collodion, and after the mLxture has

stood in the dark for an hour, the supernatant liquid is used for the

coating of the tubes. The coatings were found to be of a dull brownish-

red color. The tubes r?!act on contact with sea water, according to

Mariotte's law, in which the depth of five fathoms of sea water is

e<juivalent to a pressure of one atmosphere. The coating reacts

instantly on contact with sea water, silver chloride is formed and the

1. (hem. Eng., 1909. 10, No. 2, from Chem. News, 1910, 101, 17.

2. On ('ump>as3 Adjustment of Iron Ships and on a New Sounding Machine,"
Jour. Roy. l.'nite<l Serv. Inst., 1874, 22, JM); Prof. Lamlx;rt, "Sounding Machines
for Preventing of Stranding," Ibid. 1891, 35, 765. The depth is ascertained by
means of a glass tube closed with a cap at the upper end which is inclosed in a
sinker so as to be kept upright and protecte<i from fracture, while the water has
free access to the bottom. The water will rise in the tufie the <leeper the device

sinks in the sea. Gelatin has also been xiaeil &s the coating material and with
sati^action.
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dark red chromate color discharged, and by measuring the

height to which the water has risen in the tube as indicated

by the line of demarcation between the red-silver chromate

and white silver chloride, the depth of water at the point taken

can be determined.

Testing of Pyroxylin Lacquers. A properly prepared and

applied lacquer will not decrease the resplendency or change the

appearance of the metallic surface to which it is applied. With silver

and white metals, a slight acidity or alkalinity does not appear as

conspicuous as with brass and other copper-containing alloys. If

the surface of the latter turns green, acid either from the amyl acetate

or pyroxylin is present; if brown, the discoloration is due to alkali,

perhaps from a trace intentionally left in the nitrated cotton on (Uying.

In order to cause changes in color to become more apparent, a polished

brass strip about 6X10 cm. is bent into a boat shape by turning up

the edges all around, and in this is placed a layer of lacquer several

millimeters in depth, which is allowed to dry slowly with the aid of

artificial heat. Any acidity, alkalinity, or wrinkling is thus intensified

by the thickness of material used. The adhesiveness is best deter-

mined by coating a closely grained and highly polished surface as

nickel, and after drying, determining the difficulty with which the

film is-removed. It is generally conceded that a trace of acid increases

the adhesiveness, but such a trace must be so small as not to be notice-

able as discoloring the metal to which applied. Laurie and Bailey

have invented ^ an apparatus for determining the hardness of lacquers

by measuring the resistance to scratching when a known and variable

pressure is applied to the lacquered surface by means of a blunt point.

The hardness and toughness of the layer is determined by the pressure

required to scratch the film .2

The stability, neutrality and viscosity of the pyroxylin and freedom

from acid of the solvents are ascertained before combination, and

individual batches of the same formula brought to a definite standard

by a judicious selection of liquids and cellulose nitrate. The amount

of insoluble pyroxylin is not deducted or allowed for in compounding

lacquers on a manufacturing scale, and therefore a calculated (say

5 oz.) solution in reality always contains less than this amount after

filtration.

Uses. A film upon microscopical examination appears as a homo-

geneous structureless mass, free from holes. It is therefore practically

impervious to moisture. Advantage has been taken of this fact as a

1. A. P. Laurie and F. G. Bailey, E.P. 3486, 1906.

2. J.S.C.L, 1906, 26, 819.
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rapid method of preserving eggs by dipping in a pyroxylin solution.*

Although the lacquer adheres readily to the shell, satisfactory results

have not been obtaineil, partially due to the fact that the cooked eggs

often taste of the amyl acetate and fusel oil in the lacquer. Many
unsuccessful attempts have l)een matle to preserve large fruit, i.e.,

apples and pears, by dipping in a lacquer, but the solution refuses to

adhere tenaciously enough so that evaporation from the fruit takes

place, which lessens its volume, and this contraction tears the film

away from the p«*el. However, pyroxylin lacquers have nearly super-

seded paraffin and oils as a material for rendering small wooden tubes

and bo.xes " air tight," one application of a 4 oz. solution by dipping

being usually sufficient. Wood thus coated is less prone to attacks

by insects, and hence pyro.xylin acts as a distinct wood-preserving

medium.

Iridescent gelatin a.s a protective coating may, according to Alary

and Choisy,'-^ be prepared by dipping the gelatin into resin, gum or other

highly refractive substance suitably dissolved in benzine, turpentine

or carbon bisulphide, and when dry, dipping in " collodion " lacquer.

U'hen silk or wool is treated with 1 part cellulose nitrate in 100 parts

Hoffman's ether ^ in the usual manner, according to Henr}' * the treat-

ment renders the silk or wool more hygienic. That is to say, it main-

tains the body at a more uniform temperature than the ordinary fiber.

A variety of effects is said to be produced by printing upon damped
fabrics with a pyroxylin lacquer. Samuel * considers that the process

may be more conveniently carried out by means of a multicolor

printing press, the apparatus used for printing the first color being

used for damping the fabric. The nitrocellulose solution is applied

by means of a plain or engraved printing cylinder. It is stated that the

preliminary' damping is essential for the production of brilliant effects.

The colored figures and dots on stockings arc freqtiently produced by

this means, as well as the figures on cambric, lawn and other inexpensive

cloth. The white colors arc often produced by means of waste cel-

luloid scrap dissolved. In a subsequent patent ^ the idea has been

extended to include the various textile threads, which, when coat«d,

it is claimed closely resemble silk threads. Hunt and Eastwood "^

have devi.sed an ink suitable for printing purposes, composed of a

pyroxylin solution in alcohol, to which camphor and coloring agent

are added. By slight modification such an ink may be applicable for

printing on paper.*

1. Method of E. H. Barlow, E.P. 11054, 1902. 2. F. P. 328357, 1905
3. This is composed of ether 30% and alcohol 70%, both by volume.
4. E.P. 20092, 1899. 5. F.P. 348015, 1904. 6. F.P. ;t48137, 1904.

7. U.S.P. 256597, 1882. See Sericoee. 8. U.S.P. 256596, 1882.
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A rather unusual use has been described by Bentley,' which con-

sists in coating paper, pasteboard or a textile fabric, suitable for paint-

ing upon in oil or water colors, with a coating composed of pyroxylin,*

aiuyl acetate and oil of cedar. * When dry a layer of gelatin or isinglass

dissolved in sufficient water to make a strong jelly when cold, is painted

on. The finished material, which m free from gloss, may also be used

as an application to an engraving or picture in monochrome, the whole

being afterwards treated with any color.

As a glaze for carbon paper, pyroxylin is rapidly replacing the

albumen formerly used. In order to prevent the paper from "smutting
"

during handling, it is customary to place a non-adhering glaze on the

paper after coating.^ Egg albumen, which formerly was used entirely,

did not prevent the sheets from adhering when packed and transported

to warm climates. .Now the sheets are dipped in a 3-4 oz. solution

of pyroxylin, after the colored layer has been deposited. Similarly pho-

tographs, mimeographs and stereographs may be protected from dirt

and wear by a pyroxylin coat. The defects in stencils in continuous

])rinting machines, neostyles and dupligraphs are remedied by paint-

ing on a heavy solution, using wood alcohol, acetone or other readily

vaporizablc solvent as the liquid menstruum. The defective parts

are covered by painting with a small camelhair brush, one coat being

sufficient. A. McDougal has evolved a process-* to protect water from

contamination with lead which consists in coating the lead pipes with

a heavy pyroxylin lacquer, with a small amount of castor oil or castor

oil and balsam tolu added to increase the flexil)ility. The lacquer is

flowed in the pipes which are afterwards dried. Strontium or magnes-

ium oxide is recommended to be added to increase the consistency.

It is to be noted, however, that pipes so treated impart to the water

for a long time a peculiar taste, especially if balsam tolu be one of the

coating ingredients. Sometimes a small amount of copal is added to

increase the body, and palm oil to heighten the flexibility. Babcock,

Leonard and Crane ^ have patented a process for an improvement

in match composition, consisting in producing the fuse strip of

pyroxylin, which is molded with a friction match composition in the

usual manner. The pyroxylin protects the composition from moisture

and is also beneficial from its great inflammability. This becomes

especially useful in mhies, where the atmosphere is invariably saturated

with water vapor. Fuses may be waterproofed by treatment in the

same way.

1. U.S.P. 6909ir>, 1902.

2. Carbon paper •consists of paper on which is applicti niixtim's of caniauha,
Japan and l)eeswax and paraffin, seldom liavin^ u con^euliiiK point above 40".

3. E.P. 8823, 1891. 4. U.S.1». 130953. 1873.
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Zand ' obtains iritlescent scales by boiling mother-of-pearl waste

in dilute hydrochloric acid, and then heating to a temperature which

will not destroy the organic nmt^'rial, the mass Ix'ing then pulverized.

For protlucing fine signs, mixtures of the above and a lacquer bring

out the addetl value of the latter, which, Ix-ing transparent, allows of

the maximum iridescent effect being pro<luced. Formerly ^ an ink for

topical or " calico " printing was much in ilemanil, Unng com|x>s<Ml

of a heavy (12-14 or.) laequer without n'sin, and containing dyestuffs

in solution. This method of color fixation has now Ix'en almost'

entirely superstnled by the " discharge " system of calico printing,

which consists in bleaching the cloth, and then bringing out the color

by diazotization on the filx^r and subse<juent development. As a

protective covering for cloth and leatherK-overetl lx>oks, a single coat

of pyroxylin of 6-8 oz. strength makes an excellent application. The
coating may l>e made more p<»rmanent by employing a thinner solu-

tion and increasing the numlx'r of coats to two or three. Cjistor oil

in small amounts is beneficial in the lacquer, as it mcreases the elasticity

although tlccrc*ju*ing the hardness. A similar procedure ' has bit'n

proposed in which cloth and other fibrous materials are first sub-

jected to a bath of nitric and sulphimc acids, which partially nitrat<*s

the material. The mordant consisting of a color dissolved in amyl

acetate or other Hquid solvent of the pyroxylin is then printed on.

The solvent penetrates the nitrated fiber, which after drying is siiid

to resemble '' crushed " or " brocaded " goods. Imitation crepe

may be obtained in a somewhat similar manner by first partially

mercerizing the cloth, then nitrating in a continuous bath as above,

after which the colors are mordanted by printing with an amyl acetate

solution, or the material may be rendered black by immersion in a

woo<l alcohol solution of nigrosine.

Antifouiing Compositions. These lacquers are intended for use

on ships' bottoms, to decrease the deposition of barnacles and marine

vegetation. The lacquer usually consists of a 6-8 oz. pyroxylin solu-

tion, with or without a small amount of resin added, and containing

anti.septic and fungicide constituents such as naphthalin, a- or /?-

naphthol, salicylic acid, phenol, the cresols, ichthyol, mercuric and

cupric salt*!, hydrazine, or hydroxylaminc, iodoform or weak acids,

or other substances * which w ill act destructively on the protoplasmic

organisms. These lacquers adhere tenaciously to the metal plates, are

apparently unaffected by the mineral constituents in sea water, and in

wood-bottom vessels act as an efficient protection against the invasion

1. UJS.P. 746909. 1903. 2. U5.P. 256597, 1882.

3. E.P. 1849, 1882. 4. L Pflug, E.P. 12732, 1892.
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of " borers " and other wood-destroying molluscs. In 1879 H. Hajnnen *

proposed a mixture of powdered tin and pyroxylin applied with a brush,

or euphorbium, zinc oxide or graphite for pigmtmts, according to the

method of W. Peel. 2 A, C. Furse preferred aluminum in fine powder ^

with pyroxyline as an antifouling paint, his preparation in reality

being a heavy bronzing liquid. Wirious chemicals which are wholly

or partially soluble in ethyl alcohol, acetone or amyl acetate are

useful, especially if fatal to marine life, among which are lead arsenate *

and arsenite.'^ They are incorporated with the lacquer. E. Palk

and H. Basset ^ prepare a paint for preventing the atlherence of

vegetable an animal growths to ships' bottoms by mixing acetone

and gold size with a pigment, varnish and turpentine oil.

Preparation of Museum Specimens. In the preparation and

mounting of delicate anatomical and other specimens for exhibition,

as seaweeds, coralines, sponges, zoophytes and other marine objects,

or for the preparation of delicate flower or other vegetable structures

for ilress trimming, fringe, bouquets or lace, the material is first thor-

oughly cleansed, dehydrated in alcohol by passing through successively

increased alcohol-containing liquids, finally allowing to remain in

absolute alcohol with a small amount of amyl acetate added. This

treatment is necessary in order not to break or distort the delicate

membranes. If the structure will permit, the specimen is gently

bleached. After washing in water, the latter may be gradually re-

placed by a liquid miscible with water which is at the same time a

solvent of pyroxylin (acetone or methyl acetate). After the water

has been entirely displaced, a pyroxylin solution containing 10% oil

of cloves to clear the specimen is gradually introduced, followed by

a heavier pyroxylin lacquer. In order to impart a more natural

appearance, the lacquer may be tinted any desired color before injection.

In delicate marine objects as medusa?, very satisfactory results have

been obtained. The strength of the pyroxylin prevents the delicate

structures from collapsing.

Colored Lacquers. It is often desirable to impart various colors

to lacquers for specific j)urposes. For instance, brass being an alloy

of copper and zinc and the copper being the more expensive of the

metals, it follows that the lighter the color of the brass, the less copper

does it contain. A brass low in copper may be matle to simulate one

high in this metal by means of a pyroxylin coating colored the shade

of the desired alloy. The dark yellow dyestuflfs used for this purpose

1. E.P. 959, 1879. 2. E.P. 110, 1898. -V KP. 2-)(i75. 18«Hi.

4. J.S.C.I., 19(X), 2:>, :J2").
) C. Duhoif*. K.P. 35S.S27. 1!H)5.

6. E.P. 24627, 19()8; in U.S.P. 900008, 1908; l.P. 39:1704. liKW. M. Uirich,

dinitro-o-cresol is used.
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are members of the sutlan series of anilint' (lye^^tufT^s, sutlaii (J, (JCJ,

4(1, R, RR, and 5R, being the types most uaetl. These dyestuflfs arc

all readily soluble in wood alcohol, acetone or amyl acetate without

residue, are verj' resistant to light and atmospheric influences, and

not affected by weak acids.* Analytical balances, sptvtroscopes,

polariscopes, microscopes and other philosophical and mathematical

instruments are invariably coated with a lacquer of this description.

Two methods of application are used. The older process 2 consisted

in first immersing the instrument in a tran.sparent laccjuer, allowing

to drj' thoroughly, and then momentarily plunging in a wood alcohol

solution of the dyestuff in the proportion of al)out 8 oz. dyestuflf per

gal. of solvent. I'pon emerging from the dye .solution the article was

at once plungetl into cold water to remove excess of dye, thoroughly

washetl by agitation, and drietl without wiping. There were many
drawbacks to this method. It was necessar>' to employ running water

or often renew the water used for rinsing, or drops of the colored water

would dry on the work and spot it. This was found tedious, as it

introtluced another dipping process, and was also not entirely satis-

factor)' from the fact that the wood alcohol in which the dye was dis-

solved rapidly attacked the pyroxylin coating and dissolved the

lacquer first deposite<l. The result wjis often a mottled, uneven or

streaked appearance in the finishetl work, or if the dyestuff was slow

in penetrating the lacquer, this hindered the production of even and

easily duplicated shades. Addition of water to the wood alcohol,

while decreasing the solvent power of the latter, increased precipita-

tion of the dyestuff and diminished its penetration, thus requiring

longer contact with the d}^? solution to produce intense shades. Depth

of color could therefore be produced on the lacquered surface only

when the coating was heavy. It was found that best results was

obtained when the lacquered surface and the dye solution were at the

same temperature, about 2.5°. Perl^ sought to overcome the then

existing difficulties by a new process in which the article was first

lacquered in the usual manner, dried at 60° for half an hour and then

dipped in a very weak (not more than 0.1 St dye) solution of an aniline

1. H. Smith, J.S.C.I., 1901, 20, 1188, has investigated the rate of decomposi-
tion of colored pyroxylin lacquers by exposure to light. He finds that (1) turmeric,

sa*Tron, sandalwood, dragon's blood and annatto all fade completely in sunlight;

(2) that the first three named above turn lacquered brass black when exposed to

sunlight; (3) that the aniline colors, auramine, metanil yellow and primrose are
more suitable for coloring lacquers than turmeric, saffron and annatto necause thev
do not blacken the brass; (4) that dragon's bloo<l fatles less rea^lily than sandal-
wood, and finally (5) that gamboge is most suitable of all because of its light

resistant properties.

2. First patented by J. Perl and P. Heermann, E.P. 15327, 1894.

3. J. Perl, F.P. 2337*27, 1893; Chem. Rev., 1896, «, 127.
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or alizarine dyestuff. Although tendency of the lacquer to accumulate

in the hollows of heavy ornamentation was greatly reduced, it was

not sufficiently eliminated to entirely do away with irrcgul?irity in

color. This method has now been largely, if not entirely, superseded

by dissolving a weighed amount of the dyestuff in the lacquer directly.

In reality the color is dissolved in a portion of the solvent, filtered,

and the filtrate added to the lacquer. Lacquering and coloring are

done in a single operation, usually by dipping. The colored solutions

do not precipitate on standing, and when not exposed to the light

lose strength very slowly. It is customary where large amounts of

material are brought to the same shade to previously standardize

the dyestuff used by dyeing small hanks of cotton and wool to compare

the depth of shade produced. By means of a tintometer, it is possible

to reduce the strength of the dyestuff to mathematical figures so that

the color may be duplicated from numerical data only, and without

the necessity of a colored sample as a guide. i

The dycstuffs suitable for this purpose must be readily and quickly

soluble in the liquids entering into lacquer formulas, unusually fast

to light, not affected by exposure to the air, and not too expensive.

A line of such colors from yellow through .orange to red, green, blue

and black would be auramine, chrysophenine, naphthol yellow, chrys-

oidine, aurantia, aurinc, fuchsine, saffranine, rhoduline heliotrope,

Biebrich scarlet, vesuvin, rosazeine, magdala red; methyl, methylene,

ethyl, marine, cyanin, cyanosinc, opal, Berlin, azo and naphthyl blues;

malachite, Victoria, methyl, ethyl, brilliant, emerald, China and iodine

green; bismarck or janus brown; and for black the various spirit-

soluble nigrosines.^ The above are all standard and readily pro-

curable colors. As the diluents of these dycstuffs are usually insoluble

in alcohol, it is preferable to obtain only the most concentrated brands,

which money value considered, are the least expensive. The eosines,

erythrosines, rhodamines, phloxines, although brilliant colors and readily

soluble, are very fugitive to light. By an admixture of the above-

named primary colors, innumerable intermediary shades may be pro-

duced. Mixtures in imitation of the various shades of gold, copper

and the bronzes arc most in dcmantl, and one American firm puts on

the market a series of these lacquers designated as 12, 14, 16, etc.,

carat in imitation of the color of gold of this purity. These solutions

1. It is impossible to give detailed formulas for the shades demanded by the
trade. This is because each dyestuff has several grades, concentrations, degrees
of purity ana depths of shatlc, and a dyestuff of one name and number from one
firm may be entirely different from the material of same name procured from a
different source. Furthermore, the method of dye manufacture and the blending,

standardizing and compounding by the jobbers, render the value of exact formulas
practically nil.
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arc used for coating collapsible tulx's, metal sprinkler tops for |X'i-funu'

and toilct-watcr bottles, buttons, buckU*8, toys, etc. Bismarck brown,

auraminc, aurinc, naphthol yellow, chr^'saminc and fiavinc are the

dyestuflfs most fretiucntly used. Tlie metal to \m covered is usually

a lead-tin alloy, or a bnuss or bronze deficient in copi)cr. The articling

may Ik* tumbled in a barrel with the lacquer where Jarge quantities

arc to Ix; handled, just sufficient lacquer to cover them being useti.

With small articles as paper fasteners, a numlx'r are placwl in a cen-

trifuge, a large amount of lacquer poured in, and the excess whizzed

out. The coatetl pieces ai:e then taken out while still moist, place<l

in sieves in a warm place in such a manner that the individual pieces

do not come in contact, where they remain until dr>'. Paper fasteners

and other devices constructed of wire usually pass through a bath of

the colored lacquer before being shaped, and this is noticeable by exam-

ining the places where the wire has been cut at the ends, which will

be found uncoated.

The vegetable coloring matters, although now almost entirely

suiKMsedtnl by sATithetic dyestuffs, have yet many valuable properties,

especially in their excellent fastness to light.* Gamboge 2 is still

usid (juitc extensively, on account of its powerful tinctorial pro|K'rties,

I. ;i<l\ solubility in alcohol, great resistance to light and peculiar green-

ish-yellow color. The coloring matter from various species of lac

after extraction finds a limited use as a dyestuff in cheap jewelry,

as a color for flowers, and is much faster to light than fuchsinc or saf-

franinc.^ It is customary to filter a dyestufif before use."*

1. Fustic, camwood, cudbear, dragon '.s blood, archil, indigo, quercitrin, turmeric,

logTuoo*!, catechu, peachwood, madder, Brazil woorl an<l cochineal were the natural

dyestuffs most frequently used. They were prepared by extracting the colorifics

with alcohol or dilute acids, or alkalies, evaporating to <lrynes8 and purification

by extraction with alcohol, ether or chloroform.

2. It is probably the fastest organic color to light that is known. Gamboge
is the dried juice from various species of cambogia tree (h'arcina hanburii) which

is usually received in the hollow joints of the bamlx)0, the water expelled, and
then sent into commerce in this condition. Therefore the common name "pipe
gamlxjge." It is a yellowish giun-resin, partially soluble in alcohol and ether, to

which it imparts an 'intense yellow color. When pure it is said to be completely

dissolvetl by the successive action of ether and water. Dragon's blood, turmeric

(curcuma), logwood, campeachy wood, fustic and catechu are but Uttle usc<l in

pyroxylin lacquers.

3. The lac of commerce is obtained principally from various seed- and shell-lacs,

the material being extracted with hot wate^ to which a small amount of alkali has

been added. The alkali aids in the extraction of the coloring matter. After

extraction, the dye is dissolved in alcohol or ether, filtered, and the solvent dis-

tilled off. Imc is a ruby-red color, readily soluble in the solvents of pyroxylin, and
vf*rv ffw^t to light.

"1 The majority of the ba.sic dyestuffs, which are of the spirit-soluble class, are

(iilitr diluted with inert material, a.s dextrin, to increase their weight, or with

sodium chloride (salt) or sulpliate ((llauljcr salt) which are normally present in

small amounts incident to the usual method of manufacture by " salting out."
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White Enamels. Under this commercial name are comprised

a number of pyroxylin lacquers, which contain a white pigment in

addition to the cellulose nitrate. In general, they are heavy, viscous

solutions, containing zinc oxide, carbonate or sulphide as the pigment,

which has previously been ground in fusel oil.* If carefully ground,

the pigment will remain in suspension for a long time, and if settled

may be readily stirred and made uniform. These enamels are used as

a coating for metallic bedsteads 2 and to cover the tips of corset stays.

The article to be coated is dipped, usually two coats being required.

Although a very heavy-flowing solution, when properly prepared and

applied, it readily takes up its drip, and in doing so forms a hard lump

or excresence on the point, so that a piece of metal as a corset steel

dipped in the solution is covered with a rountl and smooth layer. It

hardens without difficulty, even in the cold, and takes a high gloss.

A double grinding of the pigment in fusel oil is usually made, in order

to reduce the pigment to a very fine state, and assist in keeping the

zinc in suspension, which develops the maximum opacity and covering

power. A trace of methylene blue dye added to the lacquer makes

the yellowish tinge less noticeable. In the coating of corset stays

the tips are suspended downward, but the contractility of the lacquer

is such that a noticeable drop does not form at the coated end. The

balance of the stay is wrapped with paper before dipping, which is

more economical and just as efficient as coating the entire stay. Cam-

phor or its substitutes may be added to the lacquer in small amounts

to increase its adhesiveness, which it apparently does. A representative

formula would be:

Amyl acetate 00 parts by volume

Wood alcohol, 97% 25 "

Pyroxylin 1-t
" weight *

Zinc oxide, carbonate or sulphide ... . 13 " "

Camphor i "

Kefined fusel oil 10 " volume

Benzine 62° 20 " "

1. The quantity of pigment required to produce the desire<I opacity will

depend upon the nature and fineness of the pigment usetl. I^eatl salts are objection-

able on account of being affected by sulphur. The pigments known as ponolith.

lithopone, and by other names, and consisting of a mixture of barium sulphate

and zinc sulphide, are usually too dense to remain in suspension properly in a liquid

of this fluidity.

2. Another mctho<l of coating metallic bedsteads is by means of a linseed oil

base with pigment, but it will be noted that material so coverotl invariably has

a decided yellowish tinge, readily recogiiizable when compared with a white

object, the'color being imparted by the oil.



PYROXYLIN LACXJUERS, ENAMELS AND BRONZING FLUIDS 333

The ground pigment is stirred in the pyroxylin previously disHclvotl

in the first two solvents, the benzine Ijeing added in small portions at

the end.

Modern Celluloid Lacquers.' As has been mentioned, this tem^

at the present day is practically a misnomer, for as a class present-

day pyroxylin lacquers are frcH» from camphor, at least in anything

like the quantity present in celluloid. The name, however, has Imh'h

handed down from the time when an alcohol-ether formula with col-

lodion ootton was used for photographic pur|x>s<»s. The extension

of knowledge concerning the cellulose nitrates and the esters pre-

pared from the alcohols of fermentation, has now entirely replace<l

the volatile solvents used as the basis of the original celluloid lacquers.

However, at the pres<*nt tlay, the scrap from the manufacture of

celluloid collars, cuffs and shirt fronts is utilize<l in the pro<luction of

the white enamels described above, and these preparations in reality

are celluloid lacquers. The collar and cuff clippings, together with

additional pigment, is agitated in a tumbling barrel with solvent, the

bits of cloth expressed from the dissolved portion by straining through

a 50-60 mesh wire sieve, and the expressed cloth washed with solvent.

This produces the lacquer of high viscosity describe<i above. The
amount of scrap required for a given formula continually varies, du<?

to the changing proportions of pigment and cloth present in the cel-

luloid. The formula is best arrived at by a quantitative determina-

tion of the celluloid. The weight of a sample having Ix^n obtainetl,

it is extracted with amyl acetate, the insoluble material consisting

of pigment and cloth evaporated to drj'ness and weighed, after which

it is ignited, when the cloth, pigment and combined pyroxylin and cam-

phor may be determined. To separate the pyroxylin and camphor,

the amyl acetate extract is diluted with a large amount of amyl alcohol,

which precipitates the pyroxylin, while the camphor remains in solu-

tion. The weight of the dried nitrocellulose gives the result sought.

This method is not time consuming and is sufficiently accurate for

commercial work.

Various devices have been introduced from time to time for cheapen-

ing the cost of these lacquers without detracting from their efficiency.

In the main, the processes proposed have been unsuccessful. M. P. E.

Gerard has suggested a composition of gelatin and pvroxylin, both

being reatlily soluble in concentrated acetic acid. They are dissolved

separately and mixed as required. However, it was found that the

gelatin was prone to harden in an acetic acid solution, and, moreover,

1. For the French method of numufacturing celluloid lacquers, see Farben Z(it.,

lfK)8, 14, 122. See also celluloid lacquers in Mitt. Malerei, 1908, S4, 190; S», 107.
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was readily soluble in water, so that the lacquer could not be used for

outdoor work.

Resin Lacquers. To those solutions free from pyroxylin or

turpentine, ant! yet ccmtaining; amyl acetate or fusel oil as the essential

solvent, the term " gum " lacquer has, in error, been applied. Con-

taining; no frum whatever, th(>y are in reality resin laccjuers, and as

such should be designated. In the order of their relative importance

as resin-lacquer constituents may be mentioned shellac, copal, sandarac

and mavstic* Amber and the harder copals (Zanzibar and Mozam-
bicjue) are insoluble or difficultly .so in fusel oil and less so in amyl
acetate. Fusion or other preliminary treatment increases their

solubility. Dammar has a too limited solubility, its use having been

restricted to lactiucrs for coating maps and steel and copper etchings.

It imparts a high gloss to paper coated with it. The oleoresins elemi

and mynh ^ are too soft for use alone, but when employed in small

quantities in conjunction with the softer copals and sandarac they

apparently increase the elasticity and reduce the brittleness of the lat-

ter. This is especially true of the balsams, tolu, Peru, storax antl

benzoin, and the gum resin ammoniac, which are still softer, but

which are introduced in small quantities along with the various resins

for no other apparent purpose than to assist in toughening the film,

which it seems as if they did. All are readily soluble in methyl and

ethyl alcohol, and possess a pleasant ethereal odor, which adheres to

the dried film with gn>at tenacity.

The resin lac(|U(M-.s as a class are applied by brushing. This is made
necessary- by the laiuc amount (1-t lb.) of total solids in solution.

Often, as in covering Hut surfaces, they are flowed on and then brushed

out. A properly prepared resin lacquer will not turn cloudy on a

damp day, will smooth out the brush marks when applied by brushing,

dries with a high gloss without artificial heat, and in other respects

deports itself like a concentrated pyroxylin lacquer with a reduced

viscosity. The resins contain varj-ing amounts of so-called resin acids,

of an acid character to indicators, and which readily attack metals.

Therefore in coating copper-containing metals, care has to be exercised

that the acidity is reduced to the minimum before using. As a class they

are characterized bygreat solubility with low viscosity, are always filtered

1. The term resinous and resinous substance is rather loosely defineil. It

generally comprehends certain normal (sjindarac) or pathological (shellac) proc-
esses or secretions of plants, and are rather considered as oxidatitm pnKiucts of

the essential oils. According to Wallach the terpenes especially, appear to st&nd
in a close relationship to them.

2. A lack of definite nomenclature exists for the.se l)o<lies. (luni resins, lieing

combinations of both gum anil resin, are partially soluble in water and alcohol.

Oleoresins contain one or more volatile oils in audition to resin.
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before use, and arc misoible in all proportions with pyroxylin solutions,

provided the solvents in the two liquids have been properly adjusted.

Shellac ' is found as a crust surrounding the twigs or extreme

branclu's of several species of trees growing in the East Intlies, and

considered as an abnormal exudation due to the puncture of the bark

of the tree by an instn-t, Coccus lacca. It is the most important and

widely usetl of the resins. The more common commercial varieties

are stick lac, being the deep reddish-brown resin taken from the tree

still encrusting the small twigs around which it has concreted; seed

lac, light-brown fragments broken from the twigs; and shellac. This

latter is prepared by melting either of the foregoing, previously deprived

of its water-soluble coloring matter, melting, straining to remove

sticks and dirt, and then pouring the liquid melt upon a smooth flat

surface to harden. When cold it is broken up and becomes the irregular-

shaped fragments met with in commerce. The coloring matter known
as lac dye was formerly of considerable importance. Bleached shellac,

the purest and most expensive form, is ordinary shellac free from dye,

and further decolorized by exposure to sunlight or . mild bleaching

agents. It is met with in the form of twisted sticks or reduced to a

fine powder.2 Bleached shellac is the grade usually u.sed in lacquers,

although a partially purified product called "orange " shellac finds

extensive employment in floor varnishes and as a wood filler in interior

work. Bleached shellac contains from 4-7% wax, antl often 15-20%
moisture, even when " bone " dr>'. The growing scarcity and marked

increase in cost during the past few years, coupled with the fact that

it has been difficult to submit incontestable chemical evidence as to

the nature' and extent of adulteration practiced, has led to a serious

lowering in quality of the finer grades of shellac. Rosin is the prin-

cipal adulterant. The solubility in ether test^ with a limit of 5%
colophony dissolved, and solution in 96% alcohol "* have been shown

to pos.sess but approximate value. Langmuir^ determines the purity

by means of the iodine absorption number with the Wijs method,

and with strict attention to details as laid down by him, gives the aver-

1. For bibliography of these resins, see K. Dieterich, " .\naly8is of Resins," 1901.

Shellac, 224; Copal, 144; Sandarac, 214; Mastic, 202; Dammar, 150; Amber, 116.

2. Unless storetl under water or away from the air, shellac gradually loses its

solubility in alcohol under the influence of air. The opposite takes place with
many copals, which after having been exposed for a long time to sunUght and air,

absorb oxygen and become more soluble.

3. OberdorfTer, Archiv. d. I'harm., 1880, 153, 13. Welwart (Chem. Ztg., 1907, 31,

143) has tested samples of shellac of normal appearance, but which did not dis-

solve properly in borax solution although they di.>isolved in alcohol, and found as

adulterants condensation pro<luct.s of aldehyde and phenol. Such samples provetl

quite useless for polishing and finishing. See Baekelite and resinit.

4. Klar. Apoth. Zeit., 1897, 424.

5. JiJ.C.L, 1905, 24, 12.
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age iodine absorption number of shellac as 16 and of rosin 228. Before

use, shellac must be deprived of its water and freed from wax. The

first is accomplished by exposing the ground resin in thin layers to

a temperature of 45-50° until no further loss in weight takes place.

It may then be deprived of wax by either of the following methods:

(a) Dissolve the resin in a 10% aqueous sodium carbonate solution,

filter from undissolved wax, and evaporate to dryness. By adding

alcohol to the dissolved mass, the shellac will dissolve while the car-

bonate is insoluble. Or (h) better dissolve in 3 parts refined fusel oil

'

in which the shellac is readily soluble. Benzine, which is immiscible

with the alcohol, and an excellent solvent for the wax, but practically

a non-solvent for the shellac resin, is added to the fusel oil-shellac

mixture in any convenient quantity. Being of lighter density it forms

the upper layer. By now applying heat as with a steam jacket accom-

panied by continual stirring, the wax in the shellac may be made to

pass into the benzine, which is removed while still hot, excess of wax
allowed to precipitate out on cooling, and the balance removed by

distillation of the benzine. Usually two extractions are sufficient.

The extracted wax is of no other value than as a retarding agent to

evaporation in solvent paint removers, in which it .should give excellent

results. The opalescent fusel-oil solution may be still further clarified

from wax by sifting in an inert, inorganic base, as zinc oxide, magnesia

or barytes, stirring for some time, and allowing the mixture to settle

in a warm placc.^ A small amount of shellac is deposited with the

pigment. Benzine 62° is to be used preferably on account of its higher

boiling point and consequent less loss of solvent from evaporation.

In Grieger's method of purification, 1 part of shellac and 4 parts

97% ethyl alcohol are dissolved together on the water-bath, and enough

water is added to the solution to precipitate the shellac in a cheesy

mass. This occurs when about 35% water has been added. The

whole is filtered through paper, washed with 60% alcohol, the filtrate

distilled and the residue dried, which forms the purified product

sought.^

Shellac Lacquers. These solutions have remarkable luster,

very great transparency, and are distinguished for their elasticity and

1. Method of W. D. Field, E.P. 15772, 1887.

2. While a small amount of wax would not be detrimental in shellac intended
for poli.shing purposes, yet in lacquers it tends to protluce a film which can l>e

chaJKed (scratched) more readily.

3. The patented process of J. Casthelaz and C. Depoully, E.P. 1879, 1871,

consists in adding hot sodium carbonate to the shellac in water, and then decolorize

with sodium hymx'hlorite and removing the wax by the addition of paraffin to the

hot solution. Hydrochloric acid is then used to precipitate the shellac, which is

washed with cold water and dried.
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strength. rh<\ arc c«|)ociaUy atlaptotl for covering wooti, as poncils,

pt^nholdcrs, bmsh handles and fine grained work. When usetl for

nu'tals, care hius to \h' exercis<'d, on account of the free resin acids

present, that the luster of the metal is not diminished, or the color

turned to green. The wootl article to Ix* coatetl docs not require any
preliminar>' treatment, except that it Ls expedient as a matter of

economy to apply a wood filler to floors before coating to diminish

the quantity of the more expensive lacquer required. Wood may
\>e either dipi)ed or brushcil, usually the latter, the preferable tem-

perature for the solution and air l)eing 45°. In a cold room and
with chilled lacquer the dipi)ed or brushed work docs not as readily

How out, and this is noticeable by an increased amount of solution

required to cover a given surface. A chilly room may also impair

the brilliancy of the finish. The nature* of the solvent (fusel oil)

causes slow drj'ing, and care must be exercised that additional coats

are not applied until the pre-

vious coat has thoroughly hard-

ened. A flat brush gives best

results, and it is not necessary

to attempt to smooth out the

brush marks, for a good brush

lacquer when passed over the

same surface many times will

still continue to flow out and

obliterate the lnusli marks until

nearly dr>-. The brushes are
Fio. fU.-Thc Bach^ia Lacquer Brush

more conveniently kept in a

brush holder when not in use, the arrangement of R. Bachia being

convenient and reducing evaporation to a small amount (Fig. S4).'

The same results are obtained by substituting wood alcohol as the

-hellac solvent, instead of the more expensive and slower drj'ing fu.sel

oil. The work, however, will dr>' more (juickly and have a greater

tendency to ahsoil) moisture and Ijecome clouded, especially on damp
days. Varyinj: int<'rmediatc speetis of evaporation may be obtained

by combinations of different proportions of wood, denatured ethyl

and amyl alcohols, or the lighter boiling point fractions of fusel oil

rectification may be used, which, when properly dehydratetl, make
excellent shellac solvents. In this manner, adjustments for various

cla.sses of work may be ma<le.

Livache^ >tatcs that the adherence of a .shellac alcohol lacquer

1. The holder, wtiich is of glass, has a shoulder as shown, so that the flange of

the lid B will l>e flu-^h with the Iwx.
2. "Manufacture of Varnish," 196.
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when applied to metals may be appreciably increased by the addition

of 0.3-0.5% boric acid, Kremer advocating the use of 0.2% sodium

paratungstatc for the same purpose.

Burning Off Lacquers. Shellac possesses a high coefficient of

expansion, hence contracts greatly on passing from the liquid to the

solid state, and this contraction results in the production of a ver\'

tough film. This fact is unwittingly made use of in the so-called

" burning off " lacquers, which are solutions of shellac in low-boiling

and readily inflammable liquids, usually wood alcohol and benzine,

with just sufficient fusel oil added to cause the two liquids to unite.

The metal is immersed or brushed and then immediately ignited.

The ma.ss lights, the heat generated by the combustion being sufficient

to soften and melt the shellac, which then readily flows out, all air

bubbles escape, and upon cooling solidifies to a film of high gloss and

great strength. Owing to the risk of fires attendant upon its use,

this method of lacquering is gradually falling into disuse, and before

long will no doubt be entirely discarded. The same result is approached

with those shellac solutions used in coating large pieces of metal as

lamp shades and globes. Usually one or more pigments, previously

well ground in fusel oil is mixed in, after the coated metal which must

have a smooth surface, is thoroughly dry. If a coat rolls up imder

the brush or docs not sandpaper smoothly, it is assumed that the under

coats have not been given sufficient time to properly harden. After

the coat has become thoroughly dry, it is ragged antl polished on a

buffing machine, where the friction of the cloths raises the temperature

of the coated metal to the point of incipient fusion of the shellac and

it .softens. This procedure ' apparently increases the adhesion of the

resin film.

French Bedstead Lacquers are solutions of highly refinetl and

bleached slielhic in ethyl alcohol and colored entirely with vege-

table (lye.stuffs (gani])oge, lac, dragon's blood, saffron, etc.), the shellac

being usually present in amounts varying from 1 .5-2..) lb. The colors

are the various shades of gold. The lacquer is brushed on the metal

while th(> latter is cold, after which the piece is subjected to a tem-

perature of 7.5-85° for 20- .30 minutes in an ove?!, the process being

similar to that of baking in the coating with japans. The.se lacquers

have the reputation of being exceedingly fast to light, will take a

\\iii}\ polish, produce a brilliant fini.sh, and are among the most costly

of the shellac lacquers. Curiou.sly enough, the solvent appears to add

to the value of the lacquer by impaiting increa.sed hardness to the

film, and it is a matter of personal oKservation that the same resin

1. First patentfMl hy ('. Ilarrop. K.P. :«)0S, 1S,<W.
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in wood alcohol (loo« not appan*ntly produco a** hanl or lirilliant

film. A " mat" or dull finish is imparttnl by tin- addition of pigment.

Coltlsi hcider ' propos<'s to add ordinary starch to incroaac tho opacity,

hut experiments made with corn and potato starch indicate the starch<*8

to Ik* entirely tm) soft. WachendorfT - adds a basic aluminunt com-

|x>und, as aluminum hydro.xide or basic aluminum silicate. t'Hually

a pi^ient or lake,'' well ground to develop the color, is incorporatcii

with the shellac, and this, being but a suspension, must ho frequently

stirred <luring use. A mat finish, of course, can never be transparent.

The recent tendency of all lacquers away from high gloss and towards

simple and soIkt shades has materially decreased the demand and

narrowe<l the field for this class of lacquers. When both opacity and

glass are desired, an additional transparent coat is given.

Bucklin * toughens shellac by heating the resin in water under

sufficient pressure to raise the temperature to at least 160°. This

is maintained for 28-30 consecutive hours, when a portion of the shellac

is said to pass into solution in the water, to which it imparts an acid

reaction. It is claimed that the undissolved portion is made much
harder by this treatment. So far as the author is aware, no attempt

ha.s been made to utilize the process in pyroxylin lacquer manufacture.

Pegamoid. The French lacquer produced under this name and

which formerly had a considerable sale in the United States, is said to be

comixxsed of bleached shellac and ethyl ether, each one part, camphor,

mastic and acetic ether each 2 parts, and pyroxylin and acetone each 4

parts. It is intended solely for brushing, as indicated by the composition.

Copal. Only the softer varieties as previously stated can be

u.sed, on account of their imperfect solubility. Copal * may be either

fos.sil, recent fossil, or of recent origin. It varies in appearance accord-

ing a-s to whethiT it is in the crude, decorticated or wa.shed condition.

All are more or less vitreous, transparent, yellow to red in color, and

without a faceted (goose-skin) appearance, the latter being especially

characteri.stic of Zanzibar copal. It is a pecuUar fact that the hard

copals are of less density than the soft, i.e., the gravity is in inverse

proportion to the value.® The specific gravity varies between 1.06-

1.12. The softer varieties arc readily soluble in wood alcohol, refined

1. D.R.P. 165241, 1005. 2. E.P. 12460, 1905.
i. The general distinction lH»twoen pigment ami lake is that although l)oth are

coloreil, the former is entirely inorganic (mineral), while the latter is forme<l by the
combination of a water-soluble organic dyestuflf and an inorganic .salt, usually
aluminum or tin hydroxides.

4. Ui>.P. 766167, 1904.
5. Anim^ is the name by which it is known in Britain.

6. This difference is attribute<l by Bottler to the air include<l in the cavities
of the hanler varieties, and he has demonstrated the accuracy of his assumption
by re<lucing the resin to a fine {M)w<ier and then determining the density.
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fusel oil and acetone, less so in ethyl and amyl acetates, and not at all

in benzine and benzene. According to Berzelius, the addition of a

small amount of camphor to alcohol greatly increases the solubility

of the harder copals in that menstruum.* Fleming's patented dis-

covery of the solubility of the copals in epi- and di-chlorhydrin has

been used in the lacquer industry to no great extent.

Copal Lacquers. In general it may be saifl that with the excep-

tion of rosin, copal is the least expensive of the resins used in lacquers,

and is employed for the same purposes as shellac, but for an inferior

class of work. It has been not inappropriately called " imitation

shellac." Combined with the aniline dyestufiFs, it finds extensive

use in ornamenting metals as the colored parts of lanterns, toj'S,

capsules, foil and metal fruit and vegetable cans. The old-gold color

on preserve tins and salmon cans may be produced by dipping in a

copal (3 lb.) solution in fusel oil 60% and benzine, with Bismarck brown

as the coloring matter. Best results are obtained by J. B. Freeman ^

in coating tinwarewhen 10-30% turpentine is added to the fusel oil copal

solution, he having found, so he states, that the adhesion is materially in-

creased as the result of adding the turpentine. This, no doubt, is so,^

Resin lacquers are more efficient than pyroxylin lacquers as cover-

ings for electric-light globes, for although the former are not as hard

and brilliant, yet they are less affected by heat. Pyroxylin under

similar conditions would gradually disintegrate when exposed for

any great length of time to the elevated temperature. The increased

softness of the copal is not a drawback in this class of work, for the

bulbs are subjected to no wear and but little handling. Inexpensive

preparations, as those of copal, arc invariably applied by dipping

—

the least expensive method of covering. Th(» flow is usually poor and

finish defective. Copal solutions are generally clarified by settling

1

.

Amyl alcohol is probably the best solvent.

2. E.P. 2322, ISSO.

3. Where large numbers of small pieces are to l)e coated, the articles may l>e

lacquered by means of roller machines, one form of which is shown in Fig. 85. The
lacquering surface /' and p are carried by cylinders c' and c*, which are geared
together so as to rotate in the same direction. The article L to Ihj laccjuered is

supported by pairs of discs 6' and 6', carried by the cylinders and by pairs of discs,

Ii\ B^, mounted upon pivoted arms or. A. Lubbertsmeier and (J. Klug, E.P.
29620, 1904, have devised a continuous machine for lacquering, and afterwards
drying, thin metal banils (Fig. 86). The bands are wound off the flangetl rollers

2, lacquered by the rollers 7, rotating in the trough 6. and are then <lrie<i bv passing
over revolving spindles 19, arranged on a frame 13, in a hot-air oven. Tne bands
are turned through 180° between the spindles to prevent the coate<l surface from
touching the latter. When the interior only (small can or barrel) is to Ix* lacquereil,

an apparatus (M. I). Kramer, E.P. 25362, 1902) as illustrated in Fig. 87, may l>e

used, the solution being depositeil in the form of a spray. The fnune support
for the barrel or can (c) is place<l over a heater (d). The frame carries an o-scillat-

ing i)ump (a) which has a valve at its upper end which is hekl close<l In' a projec-

tion in the tube h. The excess of lacquer falls back into the storage tank.
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or Htraining through muslin or cheesecloth, and are never paper-filtered.

Copal lacks that luster, hardness and transparency so characteristic

of shellac. In purchasing the cheaper copals it is customary to first

make a preliminarj' solution, in order to detect the presence of insoluble

psuedo or bastard resins, which are entirely in.soluble in methyl or

amyl alcohols, remaining in suspension as translucent mucilaginous

pelliclt«, removable with difficulty, as they seem to have about the same

density atttbo solution in which they float. They seldom rise or subside,

1 ;., -A Roller Lactjuering Machine.

Fig. 86.—The Lubbertameier Continuous
Lacquering Machine.

Pro. 87.—The Kramer Method of

Lacquering the Interiors of Ctaa
and Casks.

but remain suspended in the solution, even after changing the density

of the latter. They may be partially removed by grinding the di.s-

.solved copal coarsely with barj't^s, and allowing the mixture to settle.

The grinding disintegrates the pellicles, which are then carried to the

bottom with the barium sulphate. Ver\' fine grinding of the resin

before solution is also a partial remedy.^

Sandarac is the equal in hardness of Kauri copal, with greater

luster and range of solubility, and is a resin e.xuding naturally from the

1. This formation of peeudo compound is especially noticeable in the gums,
as ^latti (which has replaced acacia to a large extent in the manufacture of mucilage
due to its high viiscoeity). In gum gbatti it may reach a;i high as 20%.
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bark of u small tree found in the northeast of Africa, the normal yield

being increased by making incisions in the trunk and branches of the

tree. Sandarac dissolves readily in methyl, ethyl and amyl alcohols,

less readily in the corresponding acetates, partially in bcnz«me and but

slightly in benzine. This fact is taken advantage of in the preparation

of lacquers intended to produce a translucent and frosted effect on

glass. ^ When a resin as sandarac, mastic, soft copal or dammar is

dissolved in a low boiling-point solvent (wood alcohol, acetone,

methyl acetate) and to this solution is added a higher-boiling non-

solvent, but in amount insufficient to precipitate the resin, it is evident

that in evaporating such a solution to dryness, the greater volatility

of the solvent will cause precipitation of the resin at some point

duriilg the evaporation. Therefore evaporation of such a solution

results in a greater accumulation of the resin non-solvent, until the

precipitating point is reached, when the resin is deposited. Copal

has been found unsatisfactory because the precipitated resin has but

little adhesive power. Mastic and dammar are only slightly superior

to copal in this respect. Sandarac, however, readily dries to a hard,

tough film, and being thrown out of solution in a non-crj'stalline

form, the resulting deposit is opaque and white, resembling quite

closely ground glass in appearance. This class of solutions has the

advantage over chemical or mechanical glass etching, in that the resin

may at any time be removed by wiping the surface with a cloth wet

with wood alcohol, whereas the other two methods give a permanent

frosting to the glass. Wood alcohol and 50% benzol are the liquids

usually employed, a representative formula being:

Sandarac 12

Wood alcohol, 97% 65

Benzol, 50% 35

The sandarac is dissolved in the alcohol, filtered, and the benzol added

in small quantities with stirring. No precipitation occurs, and with

the above proportions ^ the sandarac remains indefinitely in solution.

When exposed to evaporation, the greater volatility of the wood alcohol

1. Ground-glass effect is usually produced by means of a sand blast, the part
not requiring etching l)eing protected by a layer of wax or paraffin. Recently
Kennedy (U.S. P. 733972, 1903) has devised a method of chemically etching the
interior of electric-light bulbs. The tip is immersed in dilute hydrofluoric acid,

and the air exhausted from the glol)e, wliile the liquid is allowe<l to rise to the
desired height, when the air is admitted, and the liquid falls by gravity. The
globe is then washed and dried.

2. Due to the more rapid evaporation of the wood alcohol, the thinner is an
exception to the general rule that thinner and licjiiid ingredients of a formula are
practically the same. It would preferably consist of wood alcohol 75, benzene 25
per cent by volume.
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causes a gradual pri|><>n<leranfi' t)f benzene, an<l the precipitation

producing the frostetl effect. By var>ing the solvent to etliyl, propyl

or aniyl alcohols and the non-solvent to IkmizoI crA'stallizahU>, Im'uzoI

!K)' < , toluol, or xylol, aniline, toluidine or xylidine, it is possible to

change the structure and varj- the ap|H«arance of the precipitatetl resin

from a fine-grained or striated effect to large fissures and striations.

liy using high-lx)iling solvents and non-solvents (aniyl alcohol and
xylol) a somicrystallinr, cracked ap|K'aranc<' results, int<'r8{K'rs<*<l

with a larger pattern, and known as " craze " effect. The humidity

and temperature of the room at time of dipping may be u.sed to var}'

the fonn of the deposit, and in general the higher the room temperature

and hence more rapid the evaporation, the smaller and finer grained

patterns will be formed. " Frostine," " Electrinc," " Electrozine,"

" Signaloid," " Opacine," and " Translucenc " are commercial names
applied to lacquers constructed on this principle. I^rge pieces of

glass are " etched " by dipping, one side being washed with alcohol

to remove the resin if desired. The principal use for these lacquers

is in coating electric-light incandescent bulbs, which are always cov-

ered by dipping. The excess of liquid is allowed to flow off and the

globe is then placed in a warm drj- room to dr>'. It is quite essential

to see that the glass is free from moisture. Dyestuffs in all colors

may be introduced, but no pigments, which would decrease the lumi-

nosity. The precipitated resin, it is stated, reduces the candle-

power about 105^. Fuchsine, methylene blue, methyl violet, methyl

green, rhoduline heliotrope, aurine, and auramine are the dyestuffs

most used. These are all readily soluble in wood alcohol, and are

especially valuable in this connection on account of their excellency

in resisting heat.

Mastic is an exudation from a shrubby tree indigenous to the

Ix^vant, which comes into commerce either as " tears," the official

mastic of the pharmacopa?ias, or " bulk," the larger pieces which

have fallen to the ground. Mastic softens when chewed, as distin-

guished from sandarac, which does not. With the exception of its

limited use as an ingredient in bronzing liquids, it finds but little

application as a lacquer, being rather too .soft to be used alone. Small

amounts have been applied to maps and other paper surfaces to

which it was tlesired to impart a high [xjlish.

Black Lacquers fall naturally into two groups, de]x'nding on

whether they have a bright, glossy or a dull, dead finish. They are

essentially pyroxylin or resin solutions, with the coloring matter in

solution (if bright) or in susi)ension (if dull). Th<! I)etter grades

—

the so-called " high finish " blacks, are produced by dissolving the
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various spirit-soluble nigrosines nearly to saturation in the usual

6 oz. pyroxylin lacquer. Artificial jet, imitation jet jewelry, and

those applications where a hard and glossy finish is demanded, shellac

in small amounts is a useful addition to the pyroxylin lacquer, and also

gives additional covering power. A less expensive and much softer

preparation may be made by adding a soft pitch or asphalt directly

to a copal solution in fusel oil, a satisfactory formula being:

Copal 12 oz.

Refined fusel oil 80 "

Benzine 02° 48 "

This is known in the trade as " cold " or " air-<lrying " japan, from

the fact that no heat is nMjuired in drying.' It will be recalled that

in the usual method of japanning, the articles after coating are baked

in an oven for several hours. As indicated by the formula, the above

is a cheap preparation, and finds extensive use in coating hods, stove

handles, and other rough ironware in hardware and agricultural

implements. By replacing the nigrosine in a pyroxylin lacquer with

lampblack well ground, and preferably in fusel oil, dull, somber effects

are obtained, extensively used in trimmings for caskets and mourning

jewelry, the inside of camera shutters and boxes, microscope and

spectroscope tubes and sleeves, and in any case where extreme opacity

is desired. A striking use of this lacquer is in coating aluminum plates

which are afterwards engraved, the white metal showing very clearly

through the black background. In order to lessen liability of chipping

from cutting with the engraver's tool, and thus producing a rough ap-

pearance of the letters, a small amount of shellac is usually incorporated

with the lacquer. These are known as " wrought blacks " from the

wrought-iron appearance imparted to metal covered with the lacquer.

Wilson 2 has secured a patent for a combination of pyroxylin 100,

with wood or vegetable tar 200, as an electric insulator, while Jacob ^

proposes to combine pyroxylin with creosote obtained from Norway
tar, with boiled linseed oil, manganese dioxide and resin, as an orna-

mental and protective coating for iron, of especial value, the patentee

claims, in outdoor work. Hyatt has devised an " ebony finish *'* by

means of the reaction between ferric chloride and hematoxylon.

SoHd extract of logwood is dissolved in either alcohol or methylated

1. The copal is first dissolved in the liquids, strained through cheesecloth or
a 60 HO mesh sieve, and the pitch iiitnHluced in the mixture in small portions,

heat and agitation Iwing necessary to effect solution. There is practically no
Hcdimentation. " Negraline " is a (lead-finish pyroxvlin lacquer.

2. U.S.P. 204557, 1884. 3. U.S.P. 234C75, 1880. 4. Uii.P. 20U570, 1878.
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spirits, and then combincHl with a rc«in soUihic in alcohol or with

pyroxylin to which hiu* Ix'cn suKled " tinctun' of muriate of iron."

Pyroxylin-Resin Lacquers. A far wider range in u.s<' is

obtained by conibiiiiiij: l)oth pyroxylin and a resin in the sanu'

mixture. By proper adjustment of projKirtions and liquid const it uent.'j

the blending of the pyroxylin antl resins can be made so as to bring

out the de^rable properties of both. The development of hardness

and covering power without increase of flow is possible, and with the

addition of colors and pigments, lacquers of great Ix'auty and utility

result, and with a great diversity of uses. The most extensively used

and valuable of these lacquers are probably the combinations of

Pyroxylin and Shellac. The ratio of shellac to pyroxylin is

usually about 2.5-1, the solvents depending on the relative propor-

tion of solids, the nature of the work to be coated, and the result to

be attained. In antique statuarj-, clocks, lamps and other ornamental

objects, " weathered effects " are produced by first coating the

material with the lacquer, and then partially removing it with a cloth,

care being taken not to rub off the lacquer in the creases and folds of

the piece. This causes the appearance of long exposure to time and

the elements, with partial deterioration. As an example, the green

verdigris-like appearance of copper and bronze busts and statuary

may be produced artificially in this manner by means of the following

formula: A mixture of copper carbonate and a pyroxylin shellac

lacquer is made, the pigment having been previously ground in fusel

oil, and this is painted on with a brush. Sometimes a small amount

of zinc oxide is added, depending upon the extent of the oxidized

effect desired. A satisfactorj' formula would be:
Parts by weight

P*>Toxylin 6

Shellac 14

Ref . fusel oil 30

Amyl acetate 36

Benzine, 62** 25

Wood alcohol, 97% 17

The piece to be coated, after thorough cleansing, is carefully brushed

with the green lacquer, care being taken that the folds and fissures are

well filled, and the exposed parts touched but lightly,' after which a

portion is removed by rubbing with a soft cloth. After thorough

drying, the work may be gone over again and removed more com-

pletely with a cloth moistened with fusel oil and amyl acetate, half

and half. The metal not already coated may l)e protected by bru.sh-

1. Which, it will be noted from the formula, is slow drying, with this idea in view.
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ing on a colorlcsK lacquer, but this is scUioin done on account of the

gloss, which would detract from the reality of the old and aged appear-

ance. The green color of the sheet copper trimmings on the Hoboken

and New York city terminals of the Lackawanna liailroad wjis pro-

duced in this manner, and not by the corrosive action of the salt and

damp sea air, as popularly supposed.

A process for waterproofing hats has been patented,* which con-

sists in applying to the hat or other object to be waterproofed a mix-

ture of acetone 30, ethyl ether and shellac, each 5, " nitrocotton
"

20 and ethyl acetate, camphor and mastic, each 10, all parts by weight.

In the United States the present custom is to waterproof and stiffen

the hat in a single operation by coating with a wood-alcohol shellac

mixture, to which a small amount of pyroxylin is sometimes added.

Pyroxylin-shellac lacquers are used extensively in the manufacture

of musical instruments, and are said to improve the sonorous qualities

of the wood when used to lacquer the soundboard of pianofortes.

Wood Enamels.2 In t^e covering of small wooden articles with

pyroxylin-shellac solutions, an industrj^ of considerable magnitude

and importance has arisen within the past few years. Previous to

the introduction of this class of lacquers for the coating of wood,

linseed and resin varnishes were used. These required a number of

coats to produce the requisite gloss, the reason being that the varnish

was absorbed by the wood, or as it is technically called " sinks into

the grain," a portion only remaining on the surface. Byron Gold-

smith has patented a process ^ which aims to overcome the above

difficulties. According to the specifications of his patent, the first

step is the application of a pure pyroxylin lacquer, the latter being

preferably dissolved in amyl acetate. After the first coat has been

allowed to thoroughly dry at the ordinary temperature, the second

coat, consisting of a resin varnish which is a non-solvent of pyroxylin,

and which therefore will not attack the first coat, is applied. A third

coat similar to the second is necessary, where a very high gloss is

desired. On account of the softness of the resin layer and the liability

of scratching, a final pyroxylin coat similar to the first is recommended.

By thus alternating the coats, it is claimed the wood is preserved in

its natural color and appeara'nce, no " foaming " from liberation of

air frdm the interstices of the wood is experienced, and the two imper-

1. J. D. Pollock, E.P. 2568, 18%.
2. P. Jaeger (U.S. P. 1)53621, 1!)10; siimc liS H. Keller. D.R. P. 22(W22, UKKS)

stains wood surfaces l>y mixing; pyroxylin, an alcoholic solution of a dye-stuff,

au<l an ethereal solution of a fat or resin or both. The composition is applied with

a linwh or sjMHige.

3. U.S.P. 490195, 1893; E.P. 19456, 1891.
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meaMt pMoxylin skins inclosing the rcsin vaniish constitutes a

transparent coating practically proof against the ravages of insccta

or the inroads of time.

F. W. Oliver really laid down the principles of the art of mmiem
wood enameling with pyroxylin in his English patent 10103, 1896,

when he proposed to coat articles by immersion in a celluloid solution

witli till a<ldition of zinc white pigment for color. His method ought

to yielti excelleHt results where Ixjth a high gloss and good wearing

qualities are desiretl, as in the coating of umbrella handles, canes,

pipes and other objects not flexible. The coating of these articles

has developed until at present, dowels, pincushions, hat-racks, stock-

ing darners, towel rings, and other novelties are included, and are

coated in brilliant and variegated colors, dull or highly polished, and

in imitation of coral, ivor\', horn, whalebone, marble, onyx, etc.,

including mosaic. The general process is usually complete in five

steps as follows:

The wooden articles, generally turned out of birch, tulip or poplar

wood, are polished preliminary to coating to further smoothen the

surface, and thus reduce the quantity of lacquer required to cover.

A tumbling barrel in which the usual opening has been replaced by

a tightly fitting hinged cover, is filled three-fourths full of articles

of similar shape or size, and slowly rotated for a half day. They may
or may not be afterward wiped to remove the adhering fine dust

formed from contact with one another. It is customary to do so

ill the finer classes of work. A filler or priming coat is next applied,

or the tumbling and priming may be combined into one operation

by placing pigment in the barrel before rotation. This also disposes

of the sawdust, which is assimilated as fast as produced. The articles

after removal are allowed to stand in a warm room for a day or two

to become thoroughly dry. Irrespective of the colors to be used or

the subsequent coating processes, the priming coat is generally white.

It is quite essential that this lacquer should be inexpensive, and lacquer

settlings and bottoms are utilized for the purpose. The pieces to be

coated are attached to sharp nails in a board, the area of the board

being a trifle less than the inside area of the dipping tank.^ These

coating boards are arranged to hold even dozens of pieces to facilitate

counting, a half gross bejng a frequent number. The dipping machine,

which is a very simple affair, consists of a tin-lined wooden tank,

rectangular in shape, over which is suspended a pulley arrangement

with clutch, which lowers and raises the dipping board. This is arranged

so that the articles to l>e coated hang downward. The Iward is grad-

1. They are attacbed by luuniiiering with a wooden mallet.
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ually lowered until the pieces to be coated are immei-sed in the lacquer,

withdrawn, and inverted before the lacquer has had an opportunity

to harden. Any excess of laccjuer flows down the nail and on to the

dipping board. When the film has sufficiently hardened so as not

to feel tacky,' the board is transferred to racks in a drying chamber,

another board inserted, antl the operation repeated. The temperature

of the drying chamber is about 45°, and the work is allowed to remain

in it for about 24 hours. The first coat is usually white. The exposure

to the heat of the dry room for at least the time stated is made nec-

essary by the fact that the coat must be perfectly dr}% otherwise subse-

quent coats will penetrate and ruin the work. If the last or color coat

is plain, this operation is but a repetition of the previous one. Multi-

color effects may be produced in one of two ways: The color coat may
be penciled, viz., lightly touched with a small camelhair brush in a

number of places with the desired color or colors,^ after which the pieces

are dipped in a transparent solution, removed, inverted and slowly

rotated. The transparent laccfuer being a ready solvent of the castor

oil-pigment mixture, rotation causes the color to run, blur, and form

fantastic shapes, somewhat in imitation of marble and onyx. Practice

and the proper combination of colors result in quite natural imita-

tions, where a not too close inspection is made. A second and more

rapid method, but one which involves considerable skill and experience,

is to spray the pigmented castor oil from an atomizer, spraying the

pieces just after being dipped in the last transparent coat. The varie-

gated effects, therefore, always have a high luster, due to the last

coat being transparent. By means of atomizers of various colored

pigments, or pigments and dyestuffs ^ startling and handsome patterns

may be obtained, which unfortunately can never be exactly duplicated.

With an atomizer of a primary color as yellow, and another of blue,

it is possible to produce all the varying shades of yellow to blue through

green, or with yellow and red, the innumerable intermediate tones

through orange to red. The grain of natural ivorj-, which has been so

closely imitated in celluloid, is attempted by spraying with two atomizers

at the same time solutions of varying shades of light yellow. The

results will not bear very close scrutiny. The red and black of coca-

bola wood is manipulated with two atomizers containing a maroon-

and a black-colored pigment respectively. The individual pieces

1. That the excess may not form an objectionable drop on the end of the work.
2. The color mixture consists of the pigment ground in castor oil, no pyroxylin

being added. It i.s necessary to use a non-drying composition, or the color wtiuld

Ix? hardened before a board of 72 pieces could all Iw spotted.

:?. The dyestuffs produce a soft effect from blurring and running when the
transparent coat covers the color.
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are tisiM'niblcd after coating. The pigment coats, with the exception

of the color, =8 the same as the transparent coat. A characteristic

formula for the latter would l>e:

Pyroxylin 8

Shellac H
Amyl acetate 'Mi

Ref' fusel oil 6

Wood alcohol, 97^7 . . 10

Benzine (;2° and 71° each 24

The solids are by weight, the liquids by volume.

Picture frames, easels and other large ornaments arc coated in the

same manner, and instead of spraying with atomizers an air blast

and the various bronzes may be used. The dull finish on picture

frames may be made by the process outlined above, onlj- substituting

lampblack for the pigment, and omitting the final, transparent

coat. A brilliant luster is always to l>e obtained by dipping in the

final transparent lacquer. Peculiar effects may Ix* produced by

spraying with alcoholic solutions of inorganic salts, which by interac-

tion yield colored precipitates. Any inorganic salt soluble in alcohol,

which will react with another salt with the formation of a colored

body, would be included in this. Potassium iodide or bromide, cal-

cium chloride, ferric chloride, lead acetate, silver nitrate are among
the suitable salts. As an example, a combination of a lead salt and an

i()<li«le, resulting in the formation of yellow lead iodide, or a silver

salt and iodide forming a deep-yoUow silver iodide, are illustrations of

the many possibilities in color production in this direction.

The Coating of Golf Balls. The coating and recoating of golf

balls is a somewhat delicate undertaking, du0 to the difficulty in oblit-

erating the mark of attachment of the ball to the dipping board. Coat-

ing by tumbling has always been unsatisfactory, on account of not

producing a sufficiently glossy fini.sh. The nail mark in dipping may
be made less conspicuou.s by boring the hole larger, inserting a celluloid

pin, which is cut flush with the ball and cemented there by means of

a drop of lacquer. The process of J. B. Hammond,' illustrated in Fig.

8N, consists in supporting the ball a, on pins 6, 6', one or both of which

are adjustable in the l>ox c or other frame, in which they remain until

dry. The painting can then be done without touching the balls with

the iuinds. The method of H. A. Armitage 2 is similar, Fig. S9, the

ball being supported by a number of projecting pins, and held by a

bradawl during lacquering. J. B. Page ^ has designed an apparatus,

1. E P. 1670. ISOl. 2. E.P. 22115, 1S91. 3. E.P. 19S54, 1893.
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Fig. 90, where the balls are carried on fixed pivots, C, C, and screw

pivots, D, I), flat springs E prevent the balls from turning only when
desired.' By methods similar to the above, large numbers of golf

balls an^ coated and recoated. The wood-enamel formula given al)ove

has been very satisfactory for this class of work. The strength of the

shellac and pyroxylin gives to them excellent wearing qualities.

See " Golf Balls/' Chapter XIV.

Fia. 88.—The Hammond Method Fig. 89.—Lacquering (lolf Balls AcconJ-
of Lacquering Golf Balls. in« to Armitage.

Fig. 90.—The Page Method, of Lacquering Golf Balls.

Lacquering Billiard Balls. According to the patented process

of E. Hoese ^ the ball is first coated with an alcoholic solution of copal,

which is followed with a pyroxylin lacquer. The solutions are to be

thin, and several coats applied. It has never been found possible,

in coating billiard balls, to .so evenly apply and dry the solution that

a slight ridge and unevenness are not noticeable. Coating in this man-
ner, therefore, has been restricted to the more inexpensive balls,*

\. The arrangement may he made single instead of double, the pivots arrange<l

vertically in.stead of horizontally, or slidiiig-spring pivots substituted for the screw
ones. See al.so t'. H. Gray, E.P. 20253, 1901.

2. K.P. 5413, ISSG.

3. Where large areas are to be coated, the mechanical painting device of H.
v. Moliter, E.P. 982S, 1904, saves much time. It consi.sts. Fig. 91, of a case a, fitte<l

with a reservoir d, an exchangeable brxish b, and a suitable handle. The wooti,

which is fixe<l to the case by .screws r, is provideil with holes 6*. Liquid is supplied
to the bmsh by loasening the winged .screws /, and therefore openuig the lateral

outlets of the reservoir and l«M)sening the lightening band e, and .so allowing the

liqtiid to pa.ss between the taper ir ami the flange f/V ."-Jec also IvP. S72S, 1901

.



PYROXYLIN LACQUERS, ENAMELS AND BRONZING FLUIDS 351

Pyroxylin Floor Lacquers. A durable and efficient floor lac-

quer, an<i one \.hich when corn*ctly applied will not show nail markn

or chip on scvtre usage, may lie made by varj'ing the proportionn of

the constituents in a pyroxylin shellac lacquer. The following for-

mula has been found satisfactor}*

:

Pyro.xylin ... 12

Wax-free shellnr 26

Amyl acetate 20

Acetone 10

Refined fusel oil 12

Wood alcohol, 97% 35

Fig. 91.—The Moliter Mechanical Painting Device.

The preparation is intended for hard-wood floors only, no lacquer

being satisfactorj' whcir tiic wo'od is too soft to give a sufficiently

hard background for the .solution to adhere properly. It is applied

undiluted vsith a flat brush, the bnish marks being allowed to flow

out, for the slow-evaporating solvents, as will be noted, are present

in sufficient amounts to cause the lacquer to readily flow^ out smoothly.

For floors subjected to hard treatment three coats are necessar}', and
a (lay sliould interv<iic Ix twc- n applying each coat. Although the

lacquer sets in a few minutes, it d(x>s not become thoroughly hardene<l

for several hours afterwartls. It is a .somewhat expensive, although

meritorious preparation. In the use of pyroxylin solutions for wood
fillers, or for laying the grain of wood, it is the propert}' of the con-

traction of the pyroxylin film that is especially operative and desirable.

Imitating Mahogany, Rosewood, Cocabola, and Ebony with

Pyroxylin Lacquers. In order to stain wood in imitation of mahog-
ony, rosewood, etc., the surface of the woo<l Is first given a filling

coat of a shellac-fusel oil lacquer, and when this is dry, the stain

dissolved in wood alcohol, is applied by. means of painting over a
stenciled pattern. Then, without awaiting for the pattern to harden, a
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transparent pyroxylin-shellac lacquer is flowed over the surface. If

the wood alcohol solution is allowed to dry, a small amount (2-3 oz.)

of pyroxylin should be added to it to harden the surface of the

stenciled pattern. After drying, a heavy pyroxylin lacquer is flowed

over, which causes the pattern to run slightly and blur, the shades

blending into each other, thus heightening the natural effect.

Pyroxylin and CopaL In general the pyroxylin-copal lacquers

are used for the same class of work as shellac and pyroxylin, but for

coverings where inferior hardness and appearance will do. As far

back as 1874 D. D. Smith * devised a process for the manufacture

of artificial coral, which consisted in mixing " soluble-cotton " 24,

copal 5, alcohol 10, stannous chloride 0.05, shellac 1, ether 20, gold

chloride 0.025, magnesium oxide 1, and stannic chloride 0.05. The

inorganic portion was mixed with the soluble cotton and shellac dis-

solved in the alcohol-ether, and molded in suitable shapes. With

unimportant modifications, much of the artificial coral produced at

the present time is manufactured in this manner, the inorganic salts,

however, being replaced by pigments and dyestufTs.

J. Bonnaud ^ has proposed to combine castor oil in a copal-pyroxylin

formula the oil aiding in the elasticity of the lacquer.^

Welsbach Mantles. Copal and pyroxylin are extensively used

in the United States as a stiffening agent in the manufacture of Wels-

bach and other gas mantles. The body of the mantle, known tech-

nically as the stocking, is woven many feet in length in a hose or stock-

ing machine (Fig. 95), after which it is washed free from impurities,

especially lime.* After cutting the hose into lengths suitable for

individual mantles, they arc dipped into solutions of the rare earth

metals, to the presence of which their high incandescence is due, and

then centrifuged.'' The moist stockings are then stretched on wooden

frames, and allowed to dry at a moderate heat. After drying the top

is constricted, an asbestos or platinum ring inserted, to which the

top is sewn by means of asbestos thread. After placing in a wooden

frame and stretched or " modeled '* to give a uniform and symmetrical

shape, the mantle is ready for the " heat treatment." First the

cotton is burned off, by simply igniting the mantle and allowing the

mass to burn, which leaves a collapsed skeleton of the rare earth

1. U.S.P. 150722, 1874. 2. E.P. 8063, 1901.
:<. See U.S.P. 69771)0, 1901; W. Still ami .\. Adam.son, E.P. 25549, 1908; C.

UaKnichow, E.P. 5.'><»S, 1«M)9.

4. C'alcium forms insoluble precipitates with some of the rare earths.
5. Great pains must l)e exerciseil in wrinxinj; out the excess of solution from the

stocking, so that the de-sired amount will remain, an«l it will Imj evenly distributtHl
throughout. The s(]ueezing rollers arc movable to allow of adjustment, and the
rare earth solution is brought to a definite concentration.



PYR(>X\'LIN LACQUERS, ENAMEI*S AND BRONZING FLUIDS 353

oxides. By placing this over n " shaping " flame, much hotter than

the first, the collapsetl mantle is expanded or blown out to its original

shape.' It is next passe<l through a "hardening" flame at a sti^

more elevated temix'rature, Ix'ing niovetl continually backward and
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If a tendency to distort or wrinkle the mantle is noticeable, the lower

boiling-point solvents may be decreased, or a small amount (2-4) of

castor oil added, camphor being formerly used for this purpose. If

the mantle dries too quickly, the amyl acetate and fusel oil is incrca.soil,



PYROX\XIN LACXJUERS, KNAMELS AND BROXZIXG FLUIDS 355

and if too slowly, tho opposite is indicated. The mantle is suspended
by a cord during immersion, and but one coat is required. If the
" dip," as the lacquer is called, becomes too thick, wood alcohol 97%
is usually added as a thinner. It is customary to allow lacquers

intended for mantle dipping to either clarify by long standing or

by paper filtration under pressure. If clarified by standing, filtration

through cheesecloth is necessary to free the solution from small bits

illlM«MM4AiMwi»iiliw,^^^^^^

III iilllHflllMliMIl

3^«^K

'^
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are hung up to dry, trimmed and packed.' In the J. Bouillior prop-

oss,2 the mantle is first swelled by the action of formic or acetic acids

on the pyroxylin, the impregnation with mineral salts taking place

in the swollen condition.

In the recent R. Eisenmann method ^ the camphor or castor oil

usually present in the immersion bath in conjunction with pyroxj'lin

Fig. 95.—Forming the Fabric for the Mantles.

and intended , to minimize wrinkling is replaced by aromatic nitro-

compounds (nitrobenzene, mono- or di-nitrotoluene, nitronaphthalin),

compound esters or substituted amides or ketones. These compounds
are much less expensive than camphor, and it is claimed equally as

efficient.

1. See E.P. 3509, 1906; O. Wiederhold, U.S.P. 811017, 1906; R. Schwlrr,
E.P. 7330, 1897.

2. U.S.P. 844849, 1907.
3. E.P. 15530, 1907; Eisenmann and J. Bendix, E.P. \r>G9G, 1903; F.P. 333824.

1903.
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Cerofirm.' A new mantle under this name has been placed on

the markt t iniitc recently, the base of which is an artificial silk of

cellulose nitrate and acetate. It is claimed that the non-inflammability

of the cellulose acetate modifies the combustion of the mantle on

ignition to the proper extent. In the production of filaments for

electric lamps O. Swote and W. Main - claim the use of a vegetable

fiber, preferably that known as Mexican fiber, which is thickened to

the desired extent by repeated immersion in an ether-alcohol pyroxylin

solution. After coating, the fiber is reduced to a uniform cross-section

by means of a drawplate, and then carbonized. It is claimed such

filaments are unusually free from brittleness.

According to Cross and Bevan ^ it has been found that artificial

cellulose fibers, as those of nitrocellulose, can be spun from solutions

containing considerable amounts of salts of the rare earths, and that

when such fibers are knitted and ignited, leave a coherent inorganic

skeleton of the oxides of honioircnoous structure and smooth contour.

De Mare in IM)4, anil O. Ivnollcr in 1895,* patented methods for

the preparation of such threuils contjiining the salts of tliorium and

cerium, by spinning a cellulose nitrate containing the salts in solution.

After ignition, and brought into the form of a mantle, it is stated

that a much more durable structure results than with the original

Welsbach mantle. The points of superiority as indicated by \\ H.

Lewis are as follows: " The alteration in physical structure has a

most extraordinary effect upon th(> light-giving life of the mantle,

and also on its strength, as after burning for a few hundred hours

the constant bombardment of the mantle by dust particles drawn up

by the rush of air in the chinmey causes the formation of silicates on

the surface of the mantle owing to the silica being present in the air,

and this seems to affect the Welsbach structure far more than it does

the Clamond type, with the result that when burned continuously,

the Welsbach mantle falls to so low a pitch of light emissivity after

500-600 houis. as to be a mere shadow of its former self, giving not

over one-thiid of its original light, whilst the Knofler mantle keeps

up its light-emitting power to a much greater extent, and the I^ehner

fabric is the most remarkable of all. Two Lehner mantles which

have been burning oontiTiuously in my laboratory for over 3,000 hours

give at this moment a brighter light emissivity than most of the Wels-

bachs do in their prime. . . The new developments of the Clamond

1. Jour Cas Li>jl>lii)>:. 5»" -'"

•J. i; 1*. tilC)7, IHSO; al-! 1 > CI., 1886, 5, 500.
;5. 'Researches," VMO, 11.

4. E.P. 11038, 1895; abat. J.S.C.I., 1895, 14, 797.
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process form as important a step in the history of incandescent gas

lighting as the discoveries which gave rise to the original mantles."

Acetic Collodion. Glacial acetic acid, and in fact all strengths

of acetic acid above 85%, are good solvents of pyroxylin. Another

method of stiffening mantles is by dipping in such a solution, the

pyroxylin content ranging from 12-15 ounces. Acetic acid produces

a thin-flowing lacquer, so that the large amount of pyroxylin mentioned

is possible. The advantages of such a solution are that in preparing,

no preliminary clarification is necessary, there being but a trifling

residue from an acetic-acid solution. 90-95% absolute acetic acid is

the most satisfactory working strength. It appears that acetic acid

pyroxylin is more penetrative in the interstices of the mantle than

is a lacquer, and dries more uniformly, there being but a single solvent.

Paraffin cannot be added, being insoluble in the acid, but gelatin or

glue, difficultly inflammable and readily dissolved in acetic acid, may
advantageously replace it, and materially reduces the speed of ignition.

This method has been patented in France by A. M. Plaissetty,^ who
afterwards spins the glacial acetic acid solution into threads, the acid

being capable of holding the incandescent salts in solution. Formic

acid is but an imperfect solvent for pyroxylin, although a mixture

of equal volumes formic and propionic acids is stated to be the equal

of acetic acid in solvent power.

Chemical Examination of Pyroxylin Lacquers. The accurate

commercial analysis of a pyroxylin-resin laccjucr is an impossibility

as indicating the original constituents and the proportions in which

they were introduced, on account of the varying composition of the

refined fusel oil used, and the amount of amyl antl other acetates

present in the commercial amyl acetate used. On the assumption

that the lacquer is limited in complexity to the three solids—resin,

pyroxylin and pigment, and to the four liquids—amyl acetate, amyl

alcohol, wood alcohol and benzine, the following outline has been

found sufficiently satisfactory for commercial work or for purposes of

duplication. From one portion of the sample the three solids and

amyl acetate are determined as follows:

Amyl Acetate. Place 100 cc. lacquer in an Erlenmeyer flask, adil

200 cc. amyl alcohol in small portions and with much shaking, and when

the precipitated pyroxylin has settled in a coherent, gelatinous mass,

50 cc. of the clear supernatant liquid is removed with a pipette. A
portion of this liquid is saponified and the amyl acetate determinetl

1. E.P. 26381, 1897; 3770, 1S1)8; 63. IH99; 9088. 1900; 20747, 1901; F.P.

321803, 1902; U.S.P. 768073, 1904; alwt. J.S.C.I.. 1899, 18. 479, 746; 1901. 20,

699; 1902, 21, 1389; 1903, 22, 547; 1904, 23, 897; See also W. Mackean, E.P.

3493, 1898; 12077, 1899.
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as given in Chapter VI, the apparent result being multiplied by 6 to

give the real per cent of acetic acid to Ix* calculated into amyl acetate.

Resin. The remaining liquid and precipitate is placed on a counter-

poised " ash free " filter paper, washed with hot amyl alcohol until

no. solid residue is extracted, the filtrate made up to 250 cc. and after

cooling, 150 cc. evaporated to dryness in a tared capsule. The weight

obtained, nmltiplied by 2, gives the per cent of resin by weight in the

lacquer by volume. The nature of the rqsin may be determined from

an examination of the dried residue as laid down in works on resin

analysis.

Pyroxylin. The precipitate on the filter paper, now resin free, is

washed with a mixture of equal volumes of acetone and amyl acetate

until nothing further is dissolved. The filtrate evaporated to dryness

at 105° gives the percentage of pyroxylin by weight in the lacquer

by volume.

Pigment. The residue remaining on the filter paper, when dried

at 105°, deducting the weight of the counterpoise, gives the percentage

of pigment present. The pigment may be ignited if desired, or the

pigment and pyroxylin may be ignited after the addition of a small

amount of paraffin to the crucible before igniting, to lessen liability

of spurting from too rapid combustion ; and the weight obtained, sub-

tracted from the combined weight of pyro.xylin-pigment precipitate

dried at 105°, gives the pyroxylin present, it being assumed that the

ignition of the pigment does not reduce the weight of the latter. The
comiK)sition of the pigment may be obtained in the ordinary qualitative

manner, and the pyroxylin may be further examined l)y a nitrogen

estimation and a determination of viscosity of a given weight of the

dry ester.

Benzine. 50 cc. original sample is placed in a graduated cylinder,

to which 75 cc. concentrated sulphuric acid is added. ThLs is vigor-

ously shaken and the contents left at rest for several hours, when the

benzine will form a colorless or light yellow layer at the top, each cc.

representing 2% benzine.

Wood Alcohol. 100 cc. original sample placed in a fractionation

flask and distilled at a temperature not to exceed 75°, will give a tlis-

tillate, each cc. of which represents 1% wood alcohol in the original

sample.

Fusel Oil. On account of the widely varying composition of

rectified fusel oil, it is usual to determine this by difference, there

being no indications of the presence of other solvents. The above-

named constituents cover the formulas of the majority of the lacquers

of the present time.



CHAPTER XI

IMITATION LEATHER AND FUR. THE WATERPROOFING
OF TEXTILES

Numerous processes have been devised, products put cut cd, and

formulas published for the production of waterproofing compositions

for textiles and paper, and the manufacture of imitations and sub-

stitutes for leather and fur, the majority of which, it may be conserv-

atively stated, have never passed beyond the experimental stage.

This, no doubt, has partly been due to the fact that the inventors were

unfamiliar with the requirements of the trade, and produced processes

which, therefore, were not commercially feasible or could not be worked

at a satisfactory profit; on the other hand the small minority which

have stood the test of time are to-day successfully competing with

natural leather and fur, expecially the former, for a large number

of the. uses to which they arc applied. The imitations of leather,

which are by far the more important, may be divi(l(Ml into those >iil»-

stitutes which do and which do not contain Icatlu r in their coiiiiMi>i-

tion, and of the latter class, a second subdivi.sion into pyroxylin-lice,

and pyroxylin-containing leathers may not be out of place.

Artificial Leathers Containing Leather. These preparations

consist of refuse leather made from trinmiings, fleshings obtained

from hides and other waste pieces, cither reduced to a pulp and pressed

in molds hydraulically,^ or disintegrated and sifted,^ aftei which they

are molded, pressed or wound into suitable shapes, beii^ g(>nerally

wateiproofed by a subsequent treatment. The earlier of these prep-

arations comprised glue, starch, tar, waxes and adhesives, and invari-

ably included water-repellent ingredients as aids in the waterproofing

effect. In 1864 ^ E. Bouveyer took out a patent for reducing leather

scraps to powder, mixing with india-rubber, drj'ing by heat and iinnu r-

sion in a bath of carbon bisulphide. In 1877, Smith and .I()hnsti)n '

1. Metho<l of C. Cole, E.P. 3()27, 1857.

2. Methcxl of E. Tuteur and W. J. Coulhourne, E.P. 3027, 1SX7 After sifting,

the leather was mixed with marine gUu* dis-solvod in naphtha for nuiking boot

soles, cricket balls, cornices, telephone lM)xe.s and knife handles.

3. E.P. 1001, 1864; also W. Burr, E.P. 689, 1861).

4. The refuse was digested with sulphuric acid previous to mixing.

360
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perfected a process for the production of an artificial leather which

consisted in mixing leather refuse antl chips with paper, rags, sul-

phuric acid and fusel oil, with beeswax, to impart flexibility, and oak

bark to simulate the natural color of the leather. It was used primarily

for papier machi. The subsequent processes of Gillot,' Tice,^ Stanley ,3

Davies,* Burrows,* Arnold,® Weygang,^ Hartmann,'* Baldwin * and

Gauticr '° indicate the successive steps in the progress of this branch

of the art. As leather became more valuable from advanced methotls

of tanning, the value of scraps and small pieces l>ecamc more apparent,

and more time and thought were given to their profitable utilization.

Pyroxylin and Leather-Free Artificial Leathers. The leather-

free artificial leathers embrace a wide but relatively unimportant

class. Various products have from time to time been proposed

as substitutes for real leather, in imitation of morocco and other

loathcr for bookbinding, militarj-- accoutrements, harness, etc. They

have invariably been prepared by coating or otherwise treating fabrics.

The first patented process, that by Green taken out in 1856,* ' depended

upon coating fabrics with glutinous and gelatinous compounds com-

bintnl with various resins, and treated with aluminum acetate or tannin

to render the coating insoluble and impervious to moisture. Rowley '-

selected a felted or woven fabric which was coated on both sides with

1. T. F. Gillot, E.P. 1746, 1866, used fleshings obtained from hides, which were
tanned, stretched, dried, cemented and pressed together to form a waterpnx»f
sheet of any desired thickness, the cement consisting of shellac and linseed oil. or
ordinary collodion with gutta percha. J. Kendall and R. Trested (UaS.P. 86841,

1869) coated fabrics for the manufacture of liats and bonnets by means of French
zinc or equivalent, lead, oil and collodion.

2. \V. Tice, E.P. 2275, 1875, hide cuttings l>eing reduced to a pulp, and .'iha[>e<l

in molds by heat and pressure to form ltK)m pickers, picking sticks, snuttles, Jacquard
cylinders and other appliances usetl in .spinnuig and weaving.

3. J. Stanley ana T. F. Lemassena, E.P. 3141, 1884, where leather scraps are

pasted and wrapped on a mandrel or molded for collars, saddles and other articles

of harness.

4. J. W. Davies, E.P. 11880, 1885. Leather waste is fed into a suitable dis-

integrator, pulverized, sifted, and mixed with glue.

5. W. \. Burrows, E.P. 14235, 1888, where leather scraps are shredded or
flocketl, and mixed with glue and alum, or silicates, borax, acetic, citric, tartaric or

OX.l'-" •"•'-

\m<)ld, E.P. 4608, 1888.

ygang, E.P. 30Q4, 1890, characterized by agglutinating leather scraps
with resmous size, or rendered rot-proof and antiseptic by addition of phenol.

s. I". Hartmann, E.P. 14697, 1894, where undressetl and untanned skins are

submitted to action of wet steam to convert partially into glue, then turpentine
added until saturated, dried and pressed.

9. A. H. Baldwin, V..V. 216*>X, 1S95, scraps of buff leather being soake<l in water
and crushed into pulp l)etween fluto<l rollers, beaten, treatetl with size and pressed.

10. G. Gautier, E.r. 19249. 11K)1. Waste portions of untannetl hides are washed,
spraved with cold water, grotmd, and zinc sulphate and formol added. See also

R. Weeber, U.S. P. 927198. 1909; Fiber I»roducto Company, E.P. 4130, IIKH);

L. Guilleteau-C'haput, U.S.P. 933645, 1909.

U. W. Green, E.P. 1862, 1856.

12. J. Rowley. E.P. 1652, 1856.
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China clay mixed with albumen, after which a naphtha solution of

gutta-percha was applied, and rolled between heated cylinders. Bous-

field ' vulcanized india-rubber with fibers of cotton or flax. Abate ^

coated cloth with linseed oil, baked, pumiced and varni.shed with a

resin lacquer. Horwitz ^ impregnated dried animal and vegetable

matter with linseed oil, added glycerin to render more flexible, and,

in order to further waterproof the surrogate, a top coat of boiled hemp
oil was applied. " Leatherinc " ^ depended upon calico coated with rub-

ber and rubber substitute to make the imitation effective. " Leather-

board " is prepared ^ by pulping fibrous material of various sorts,

rendered, absorbent by the addition of powdered chalk or whiting,

and then molded into forms or pressed into sheets, when a glazing

solution ^ is applied. '" Leatheroid " is a combination of chemically

treated paper with rubber and sandarac,^ Clark * takes the down
from the flowers and seeds of bulrushes, milkweed and reeds, and makes

into a paste with gelatin, while seaweed,^ cork,^^ esparto grass, "vegetable

cxcresencesj^^yyood pulp, '^wool, fur and jute,^^ cardboard,'^ lambs wool,'®

cork,''^ and yarn '^ are some of the materials upon which processes have

been based. "Texol" was intended for covering walls '® and for book-

binding, and consists of a compound of caoutchouc, oxidized linseed

oil, cocoa fiber, ochres and waste, filaments of hemp, jute and other

fibers spread out in a thin layer on a paper backing. " Textiloid " 2"

has for its base products obtained by the saponification and oxida-

1. G. T. Bousfield, E.P. 1756, 1856. 2. E.P. 1908, 1857.

3. D.R.P. 17677, 1881. 4. E.P. 3171, 1884.
5. H. R. Minns, E.P. 2224, 1894.

6. Composed of starch, gelatin and turpentine. See W. U. Jones, E.P. 6507, 1901

.

7. The material is pressed in heavy sheets and used for trunks and suit cases.

8. W. Clark, E.P. 1403, 1862.

9. Process of G. Laureau, E.P. 6988, 1894.

10. G. E. Block, E.P. 718, 1875.

11. A. J. Boult, E.P. 5762, 1897, the grass being plaited into strands, and glued
together between surface coatings of woven fabric or leather.

12. E. Golonya, E.P. 15217, 1884. These, known in Hungary as "taplo."
" spongiolignine," or " fungiformis," are immersed in an albuminous bath, dric<l

and rolled.

13. J. Noad, E.P. 1750, 1876, the pulp being mixed with fusel oil in combination
with gummy or resinous substances and siliceous compounds.

14. W. Travis, E.P. 5191, 1884.

15. Goppinger Papier-fabrik, Kreem, D.R.P. 6802, 1893.

16. E. Kingscote, E.P. 10432, 1898. The wool is chrome-tanned after feltinp.

and afterwards impregnated with a heavy solution of a low nitrated cotton or nitrate.!

castor or linseed oil.

17. J. Phillips, H. Leliel, and R. Grimoin-vSanson, E.P. 14420, 1901. who secure!
extremely thin sheets of cork to a backing of woven fabric, u.suaily linen, and
employed for imitation linen or morocco. The patent (E.P. 17270. 190.3) of J.

Philipp and P. de Troussures, renderwl the cork more supple and homogeneous
by soaking for some time in a mixture of 90 parts turpentine, 8 alcohol, and 2 of

ether, and then uniting with a fabric by high pressure.
18. G. Murray, E.P. 1930, 19(M.

19. A. Hutchonson, E.P. 3749, 1882. 20. E. Cadoret, E.P. 12451, 1896.
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tion of oib, the so-calletl " resinolines." ^ ''Keritc"^ wa« prcpared by

boiling cottonseed or other vegetable oils with antimony penta«ulphicle,

or zinc, iron, lead or copper sulphides, either with ^ or without * vegetable

astringents as tannin or sumac. It was considered by the inventor

as more applicable for insulation purposes, the comi>ound possi\ssing

the capacity to withstand destructive agencies. This is practically

the same as "cuirette,"* which, however, was pressed into slabs and

used as leatherboard. Up to this point the question of pliability

had apparently been overlooked by the majority of investigators

in this field, until Brigalent ^ introduced " fibroleum," a product result-

ing from the alkaline digestion of animal refuse whereby the glue

substances were dissolved and the tissue separated. The latter was

worked up in a manner similar to paper pulp, impregnated with glycerol,

hydraulically pressed, after which it " possessed an elasticity as lasting

as original leather." It is apparent, however, that the product was

not waterproof.^

Pyroxylin-Containing Artificial Leathers. As the acceptation

of the term " artificial leather " more correctly embraces only products

in which leather in some form enters, its application to pyroxylin solu-

tions and cellulose-nitrate waterproofing compositions is, strictly

speaking, a misnomer. In the early fifties of the past century *

Louis Coniides attempted to apply pyroxylin compounds to cloth and

paper with the object of forming waterproof fabrics useful in them-

selves, and also for the manufacture of various articles of trade. He
said: " For saturating and coating or covering leather, paper and

textile fabrics, I employ a solution of explosive cotton in wood spirit

or pyroxylic spirit or alcoholized ether, and in some instances I com-

bine therewith india-rubber, gums, resins, bitumen, drj-ing oils, colors

ami tan."

N. E. T, Petin ® added to the durability of the completed fabric by

using metallic cloth or wire gauze, which was coated with a mixture of

collodion, caoutchouc, and copal, and used for sword cases, helmets, and

saddlery. The same year (1856) Berard *•* outlined his process of com-

1. To obtain the above, an oil is saponified by a metallic carbonate which is

decompoeed by nitric acid, the mixture being constantly stirred. The supernatant

liquid IS decanted and saturated with an alkali. On cooling, the soap takes a color

which is determined by the oil employed, and, when treated with suitable acid,

the resinoid body is set free and may be purified by dissolving in alcohol and evap-
orating the solution.

2. Ui5.P. 21(M11, 1878; E.P. 36, 1878; 8787, 1885; all to Austin Day.
3. E.P. 8787, 1885. 4. U.S.P. 322802, 3'22S03. 322S05, 1S85.

5. E.P. 8626, 1885. 6. Das Han.lelmuseum, 1«KX), 2B.

7. The artificial leather of Gautier, U.S. P. 7.36i»57, of rawhide softened with
lime and mixed with chromic oxide and zinc sulphate, of Case IJii.P. 776453,
which consisted in impregnating leather scrap with wax, offer but little that is new.

8. EJ». 745, 1855. 9. E.P. 1765, 1855. 10. E.P. 607, 1856.
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biniiig two fabrics by means of a collodion coating, and adding to the

water-resisting effect by varnishing both sides of the pyroxylin-

coated cloth. Instead of impregnating the fabric with pyroxylin

solutions, Rollason ^ attached a pyroxylin film.^ He said:

" I dissolve pyroxylin in any of its known solvents, producing

collodion, and to this solution add vegetable oil—by preference, castor

oil. This solution I put upon the smooth plates of metal and allow

the spirit to evaporate. If I intend to employ the tissues as a coating

for woven fabrics, as silk, I lay the silk upon the tissue and roll betwe?n

rollers and then remove the silk from the plate. The same applies

to paper or any other fabric. Or, after removing the tissue from the

plate, I can place it between two pieces of woven fabric and inclose

it by pressure." Rollason in English Specification No. 2143 of 1864,

protected fabrics by two dissimilar coatings, and said: *' I take col-

lodion cither alone or in combination with a suitable gum, such as

anime or balsam of anise seed, and oils as linseed, nut or castor, and

having poured or otherwise placed the same onto a polished surface

as glass, I allow it to become quite dry. Upon this collodion or its

compounds when dry, I brush or pour a cement of gum arabic, dex-

trin, or of a nature similar to these, upon which again, when sufficiently

dry, I place my painting or other material."

Lewthwaitc •* utilized the patented product of A. Parkes (called

Parkesine) by ornamenting, embossing, and priijting, and treated

it in a manner similar to real leather. He prepared various thicknesses

and of dissimilar material, as with sheets of collodion alternating with

sheets of nitrated paper or ordinary paper or cloth."* In a subsequent

1. E.P. 2749, 1858.

2. See also the processes as indicated in the following English Patents: A.

Parkes, 1695, 1867; F. Walton, 2489, 1868; W. F. Jack and F. Greening, 718,

1879; M. Zingler, 3171, 1884; H. Schwahacher, 14587, 1884; H. Schmietlel, 8215,

1895; A. A. Blandy, i:i864, 1890; J. B. Ker, 8069. 1896; F. Billing and A. Letallc.

22965, 1896; G. S. and C. Falkenstein, :i062, 1901; and F. Rcddaway, 15545.

1902. Alexander Parkes, E.P. '2'MiH of 1855, also applied waterproofing solutions

of pyroxylin in~various ways. In describing his method he says: " I use the col-

lodion or guncotton alone or with resins that will set transparent with it, and this

is applicable as a coating to silk, tinsel articles, other textile cotton fabrics, sewing
thread, anil other plastic materials. I also use other metallic agents or coloring

bronzes with solutions of guncotton for waterproofing, which may l>e prepare I

alone in sheets or admixed with india-rublwr solutions with advantage. I spread
the preparation in any well-known manner until a deposit of the required thickness

is obtained. If the plates or sheets arc to be colored, the limiid composition is flowetl

onto glass plates colored or etched to give the desiretl effect. To strengthen the

sheet, a solution of gutta percha purified as described in my E.P. Mar. 25, 1846,

is applied, one coat being allowed to entirely dry before the other is bnished on.

Thick sheets of a compound nature may l)c forme<l by cementing several sheets

together, which like alternating sheets of collodion and gutta i)crcha may be of

dissimilar structure."

3. E.P. 741, 1868.

4. See also U.S.P. 103209, 1870.
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process • Parkcsine, in combination with wire gauze, was used for the

manufacture of machine driving-lK'lts and other heavy leather mate-

rials, and was matle by passing cloth under a spreading knife, which
deposited the Parkesine in a fluid form.^ llnlike the artificial leather

of the present day, the product of this inventor comprised two pieces

of cloth, cemented together with the pyroxylin coating. It had
quite an extensive use as a covering material for library, billiard and
card tables.

In 1H.S4 •'* Wilson and Story published their method of coating

cloth with a pyroxylin-amyl acetate mixture combined with castor

oil, which was the forerunner of the present-day formulas. They
realizeil antl clearly set forth the uses of the individual materials

comprising the product and pointed out the value of castor oil in increas-

ing suppleness of the coated cloth, their " leather cloth "
jis it was

termed, was undoubtedly the first commercially successful product

of this nature produced in England. All the compositions suggested

up to this point had consisted of textiles coated with pyroxylin, but

they lacked that plial)ility which is present in so noticeable a degree

in leather, and the ahscinc of which prevented serious competition

of the artificial with the real skin. Their leather dressing compo.sition "*

con.sisting of amyl acetate, amyl alcohol and pyroxylin, and which

received protection in 1885, was one of the more important steps

which have contributed to place this industr}' on the firm footing

upon which it rests tonlay. Of the numerous difficulties which up
to this tiiiif hal met the inventor, one of the most important arose

fr )m the inal)ility to produce a flexible coating, which at the same time

would have the requisite strength, a non-adhesive surface and extreme

pliability. As a rule, flexibl:^ solutions, though adhesive, attract

dust and dirt removable with difficulty, or they allow objects which

come in contact with them to adhere. If on the other hand the prep-

aration used was sufficiently hard to be non-adhesive, or the requisite

smoothness, it was found to be too stiff for bending into shap)es with-

out liability of cracking, as when comer articles were covered with

the fabric. Investigators subsequent to Wilson and Story evidently

centered their attention toward producing flexibility and strength.

\V. (ireen ^ first rendered the cloth waterproof with india-rubber solu-

tion, upon which was squirted a nitrocellulose fluid, this being followed

by a solution of pyroxylin rich in castor oil. DuVivier,^ in connection

with his artificial silk experiments, evolved a process for preparing

1. J. Ixjwihwuito. H.P. 143.3, 1882. 2. E.P. 741. 1868.
3. K.P. G0.'>1, kS.S4. 4. E.P. 491, 1885.
5. E.P. l>.S7y, ISH!*. 6, E.P. 2570, 1889.
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a flexible coating resembling leather, by dissolving " trinitrocellulose
"

in glacial acetic acid. F. Greening ^ prepared the cotton after nitra-

tion by a special treatment consisting of washing with aluminum

sulphate solution. A. Nobel ^ sought to obtain the desired results

by the use of certain solvents, among which are mentioned the chloro-,

bromo-, chloronitro, or bromonitro aromatic compounds, and the

ethereal salts of certain fatty or aromatic acids, or the nitrophenols,

the nitrocellulose being dissolved in one or more of the above, and

applied to cloth in the usual manner. Hagelberg ^ followed with a

process for attaching thin and very flexible sheets of celluloid to cloth,

and then flowing a thin celluloid solution over the attached sheets.

It was found, however, that the attached sheets were prone to come off

in use, and the process never passed the experimental stage. The Soc,

Petticolin in 190H obtained results of wide interest in their attempts

to duplicate woolen, felt and flannel goods. Stamped sheets of cel-

luloid were coated with wool shearings or wool dust, the sheet being

first soaked with pyroxylin adhesive, and then immersed or rolled in

the wool shearings or dust, the excess being mechanically removed.

It has been stated that the coatetl material had considerable sale in

France and Germany. In 1904 R. Piesbergen •'' devised a plastic com-

position which becomes hard when cold, and yet retains considerable

plasticity and resiliency, consisting of tanned animal albumen, partic-

ularly skin gelatin, glycerol, fatty oils such jis castor, olive or saponified

poppy-seed, encased in a skin of pyroxylin. The thin collodion film

was prepared by allowing a transparent or dyed lacquer to dry on a

surface of glass, on which a uniform layer of warm gelatin is spread

and permitted to cool. Any surplus of water having been removed,

a second pyroxylin film is applied, the gelatin being entirely encased.

While the materials are still in the plastic condition, the sheet is pre.sse<l

between soft cloth to give the appearance of real leather, and rolled

to a suitable thickness. The sheets are then immersed in a tanning

solution such as formaldehyde, chrome alum, tannin or the like, or

the tannin solution may be added to the gelatin just before the upper

pyroxylin coat is aflfixed. Reagles sought to impart great flexibility

with large amounts of camphor,^ while Sutherland addetl both camphor

and castor oil,^ and used considerable quantities of methyl acetate.

The latter formula, combined with a properly nitrated cellulose, and

1. E.P. 22019, 1894. 2. E.P. 15914, 1894. 3. E.P. 25809. 1896.

4. E.P. 4369, 1901. 5. E.P. 156><), 1904. 6. U.S.P. 31120:^. ISS.-).

7. E.P. 28613, 1897; the Schuhfabrik Bonndorf Gob. Kriechlp (E.P. 12174,

190S) manufMCture a leather substitute by repeattnHy a|>plying a thick solution

of celluloid to a fabric and applying presaure after eacli application; see also Blum,
I'.P. 392270, 1907; ti. Torci, F.P 407654, 1909.
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applioil with nuchanical oquipmont of high efficiency, ought to pro-

duce a product of considerable connnercial vahie.

Artificial Pyroxylin Leather in the United States. Previous to

the work of Stevens on amyl acetate, attempts to produce satisfac-

tory' imitation leather were confined almost exclusively to the attach-

ment of pyroxylin films on backings of various textiles. It was found,

however, that the attachment of the drietl film to the cloth was not

finn, and that it re<]uire<l first a fluid preparation to penetrate the

filM«rs of the cloth as a firm anchorage before a drie*! film would adhere

strongly enough. .\11 proces.se8 prior to ISSS arc of hut historical

intcH'st, and none imvc survived to the present time.

Hale and Crane in their work on the pyroxylin lacquers endeavored

to produce satisfactoi y substitutes for leather, but at first were

apparently unable to overcome the obstacles of their pre<lece.s.sor8.

.Vs the result of investigations on blown and sulphurated oils by their

chemist, W. I), licld, the Crane Company in 1S90 formed the Tannette

Manufacturing Company, and commence<l at Springfield, \. J., the

production of con.siderable quantities of an entirely new artificial

leather, to which the name of Tannette was given. This product

consiste<l of cloth, on one side of which was spread an opaque, heavy

pyroxylin compound, containing no leather, but possessing the

desirable qualities of real leather in a degree not attained before that

time. The .solvent was composed of amyl acetate, refined fu.sel oil

and iM'nzinc. .\s in their first manufacture of pyroxylin lacquers,

Xm M y in thi conijwtsition and methods of producing the coating was

attcmpU'd, but a vegetable oil blown with sulphur was one of the

ingredients, and the smell imparted to the finished goods as a result

of the presence of this constituent, and the unmistakable odor of hydro-

gen sulphide which pervaded the neighl)orhood in the vicinity of their

factor}- while the oil was being blown, together with the interest

manifested by the trade and the rapidity with which the demand for

the coated cloth increased, compelletl the originators to seek patent

protection, which they did in United States Application No. 3S39.S7,

dated March 6, 1891. This resulted in the granting of patent No.

47^3306 on April 19, of the following year.

-Vccording to the original specification in order to produce a com-

pound l)oth "stahlf and durable, not liable to decompose, oxidize,

or evaporate, and aLso possessing great flexibility and bo<ly," Field

proposed to use the "sulphur derivatives of the glycyl or glyceryl

t th< IS of unsaturatc<l fatty acids in combination with nitrocellulose."

t/otton.seed and olive oil were found l)est adapted to the purpose,

while those oils like palm (which contain considerable proportions
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of the saturated fatty acids), and the " linseed oil group " of drying

oils which when combined with sulphur dry too readily, w-ere found

less suitable. The oil wtus sulphurated by placing it in a kettle and

heating to 125°, at which temperature the sulphur, varying from

15-20% of the weight of the oil, was introducetl. The temperature

was then raised to 210°, which was maintained for two horn's, or until

the resulting compound was of the proper consistency. This fluidity

varied with different oils and according to the purpose to which it was

proposed to applj the boiled oil, being usually about as thick as glycerol.

If the sulphur was to be added indirectly, as by the use of sulphuric

acid, the latter must be added slowly to the oil, not allowing the tem-

perature to rise above 40°.^ After the addition of all the acid, the

mixture was allowed to stand from 12-18 hours, neutralized by repeated

washings with cold water, the neutralization being finally completed

by the cautious addition of soda. The sulphur derivative was next

dissolved out with benzine, and the benzine recovered by distillation,

the residue being the finished blown oil, ready to be incorporated

with pyroxylin for the preparation of artificial leather. The water-

free and neutralized oil is insoluble in methyl, ethyl, propyl, and amyl
alcohols and water, but dissolves readily in chloroform, ether, benzene,

benzine and amyl acetate.

Continuing Field says: '* With this sulphur derivative when cold,

I mix pyroxylin, preferably first brought into solution in some solvent

which is a solvent for the finished sulphur derivative, in small quantities

at a time and with constant stirring, and I regulate the amount of

pyroxylin to be added by the degree of flexibility desired in the result-

ing compound. The greater the amount of pyroxylin in the finished

coating composition, the less the flexibihty, and conversely. In

making coatings for leather and fabrics, I have found the best com-

pounds to consist of three times as much sulphur derivative as pyroxylin.

In practice I have found that the addition of more pigment than ^
the weight of pyroxylin is apt to lessen the strength of the coating."

Field obtained best results in coating textile fabrics with the following

formula: amyl acetate 3 gal., pyroxyUn 15 lb., sulphur derivatives

40 lb., and pigment 1-2 lb. It was found in practice that the goods

produced from the high sulphur-containing oil developed a disagreeable

odor on keeping, or upon tightly rolling up the cloth for any great

length of time. The next series of improvements was the gradual

reduction of the percentage of sulphur contained in the finished oil,

and this sulphur elimination was made possible as the result of actually

1. In a similar manner to the presentKlay methods of manufacture of alizarin
assistant or Turkey red oil.
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blowing the oil by forcing a jet of air through the product during the

entire period of heating.*

With this improved product tlie patentee says: " I have found the

following proportions most u^fful: blown oil 150 (sp.gr, O.SD), pyroxylin

45, l)Oth by weight." The latter was first dissolved in a mixture of

2 parts amyl acetate and 1 part l)enzine by volume, and the oil incor-

porated in small portions at a time. The oil and pyroxylin are antag-

onistic, ajid each addition of oil tends to precipitate the latter, which

is brought back into solution by constant stirring. On account of

this antagonism it woultl be impossible to add the whole of the oil

in one portion without materially increasing the volume of the solvent

portion of the mixture, which being entirely lost in the subsequent

coating operations would considerably increase the cost of the finished

cloth. The odor remained the great drawback, and to still further

overcome this, sulphur chloride ^ was used, the sulphuration being

conducted at 40° or lower, the oil previously being dissolved in benzine,

which in turn was distilled off after the reaction had subsided. About
25' ( sulphur chloride is stated to give the best results. Antimony
pentaaulphide (golden sulphuret) used so extensively in the rubber

industr}', and the sulphides of arsenic and tin might prove of value

in still further reducing the amount of sulphur required, especially

the first-mentioned chemical.^

In 1892 the Tannette Company was removed to Bloomfield, N. J.,

and temporarily discon,tinued, but later was reorganized at Spring-

field again with Boston interests, the firm name changed to the

lioston Artificial Leather Company, and the product to Moroccoline,

since which time the company has continually been in existence. The
basis of this product, therefore, is pyroxylin combined with blown
oils, and rests upon the patents of Field enumerated above. It has

been stated by disinterested experts that the subsequent castor oil-

containing artificial leathers do not possess in so high a degree that

toughness and flexibility of film as results when blown cotton.sced

Is the vegetable oil used.

A. Kennedy * produced a waterproof artificial leather by combin-

ing wool fat or lanolin with pyroxylin, and applying with a coating

machine in the usual way. Annison ^ first impregnated the cloth

with a liquid solution of nitrocellulose to the desired depth, followed

by thorough drying. Then one or more coats of a heavier compound

1. FieW, U5.P. 478955, 1892; 491880, 1893; E.P. 3345, 1891; 3469, 1893.
2. VB.P. 498162, 1893.
3. The present tendency is to eliminate all sulphur-containing compounds as

siocatives for the oil, and to blow the cottonseed oil with air alone.
4. UJ3.P. 587096, 1897. 5. UiJ.P. 602797, 1898.
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is placed on this, each coat being further compacted by friction calender-

ing. In this patent, the first concept at embossing in imitation of

various patterns and grains appears. Field ^ obtained varj'ing degrees

of flexibility by changing the proportions of oil and pyroxylin, while

Wood and Stevens 2 "apply successively one or more coats of a solu-

tion stiff enough to be non-adhesive," and follow by a coat high in

pyroxylin and therefore hard. The elasticity, therefore, comes from

the inner coats and the hardness from the outer, flexibility and tough-

ness being thus combined.

The Bradford Dyers' Association ^ have proposed to supplant amyl

acetate and the older ether-alcohol solvents used in the preparation

of artificial leathers by amyl formate (which see). The unsatisfactory

nature of ether-alcohol, on account of the unhcalthful and explosive

nature of the vapors, and the odor of amyl acetate, which is removable

with difficulty from the coated fabric, is not found in amyl formate,

according to the experiments of the Association. It leaves no objec-

tionable smell behind, and having a boiling point about 15° lower

than the corresponding acetate, last traces of the solvent can be removed

from the coated textile with much less difficulty, and with a correspond-

ing diminution in the danger of decreasing the tensile strength of the

finished cloth by over-exposure to heat. The amount of solvent, it

is claimed, may be reduced, due to the fact that amyl formate makes

a more fluid solution than the acetate, the solvent portion not being

recovered. A 5% solution is said to give best results. The present

market price of formic acitl and formates would apparently make the

finished cost of the solvent prohibitive in competition with wood
alcohol and amyl acetate.

The pyroxylin containing artificial leathers sold under the names

of Fabrikoid, Keretol, Marokene, Mcers, Chase, and Texaderm, are

essentially combinations of castor oil and pyroxylin, with coloring

matters added. They are used for upholstery, book binding, car-

riage and automobile trimmings, and in the cheaper classes of hand-

bags, satchels and dress-suit cases.

The following process of coating in detail may be considered as

representative of the more approved methods at present in use in the

United States. The general processes of manufacture from the raw

cloth to the finished i)reparation are comprised in the following steps.

1. L.c.

2. U.S.P. G03001, 1898. J. EtLson (U.S.P. 289338, 1883) <leacril)etl the first

process of praclicnl oinhossing of pyroxylin-coattnl textile.s and plastics in hi.s

nietluMt of "troutiiig material with zylonite to resemble pebblegosit. French calf,

atui alligator leather.

3. E.P. 18742, 1{)04; U.S.P. 834913, 1908.
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Dyeing the Cloth. Formerly the cloth used was purchased dye<l

of a shade approximately that of the color of the coating componi-

tion to be applitnl. The advantage of dyed over undyetl cloth in purely

one of appearance, it having l)een found that a more inexpensive

cloth could l)e utilized, if dyed, than a higher priced textile in the un-

bleachtnl or bleachetl state. Furthermore, the coating composition

often sufficiently penetrates the interstices of the cloth as to be visible

from the. under side, giving an untidy appearance to the finished

leather if the obverse side was of a different color. This i.s especially

noticeable on the edges, where the coating material often goes over

th<* e<lge and on the under side for a distance of several inches. For-

nn'rl\' this edge was trimmed off, thus causing a considerable waste.

'^^'S^ --' r^



372 NITRWELLULOSE INDUSTRY

for the dyeing operation by a previously thorough boiling with a

small amount of soap, usually with the addition of a softener such as

Turkey red oil, which causes the cloth

to become softer and the dyestuff to be

more imiformly deposited <m the cotton

fiber. The dj-e solution is prepared of

a strength of about 2-4% of dyestuff

to the weight of goods to be colored,

with about three times the weight of

common salt or Glauber's salt added to

rlf'crease the solubility of the dyestuff in

water, and thus aid in its deposition on

th(! fiber. The dyeing process, which is

continuous, is carried out in a dyeing

machine known as a jigger (Fig. OS), the

cloth in a wot and preferably warm state

being slowly drawn through the dye solu-

tion, which is often fortified as it becomes

weakened. After dyeing the cloth passes

'"&lo'r'^j;'/er.^TH"w*B^urteT
th™"«t> a squeezer which prosac. out a

worth & Sons Co.) considerable amount of the dye liquor

held mechaiii(all\ , and from this a slight

rinsing may or may not be given, after which it is dried by means of a

drying machine of a form a& indicated in Fig. 100. After dyeing the
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jxwwihle to completely dye. wash and dry a 300 yard roll of cloth of 60

inch or loss width in from 1 to 3 hours, and after starting, the process is

continuous and practically automatic, the only portion requiring atten-

tion being the gradual replacement of ilyestufT and salt to take the

place of that deposit<?d on the cloth. The liquid expressed by

the squeezer is n^placed in the dye-bath. Hea%y tension is applied to

the rolled cloth in order Uint contraction during the several steps of the

Viv.. '.'.>.—The H. W, Butterworth Cloth Squeeaer.

process may be prevented. The cloth is not ironed after dr\ing. In

dyeing black with the sulphur colors the same general procetlurc is

followed with the exception that copper- or iron-containing apparatus

is prohibited on account of the formation of metallic sulphides which

would streak th^ goods. The rolls and dye vats arc const ructe<l

entirely of wood or metal, faced with gutta jHTcha or vulcanized rubl)er,

and the cloth is thoroughly washed after dyeing to eliminate traces
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of sulphides and other sulphur compounds which may afterwards

oxidize into sulphuric acid and thereby materially tender the fiber.

The cost of sulphur colors is much lower than the usual substantive

or direct dyes.

Measuring. A measuring attachment of the Curtis & Marble type

is shown in detail in Fig. 102, in which the goods are drawn through

the roll by power, the revolutions of the roller being recorded on a

Fig. 100.—20-cylinder Upright Drying Machine. (H. W. Butterworth & Sons Co.)

dial attached as indicated in the illustration, and similar to that us«'(l

in the weave rooms of woolen mills. It is a well recognized fact that a

continuous piece of cloth, upon remaining tightly rolled for several

weeks will, upon unrolling and remeasurement, be found to exceed

the previous recorded length by 0.5-1.5',', due to stretching whih'

under the tension of the roll. Attached to the roll is a dial, usually

registering in half and whole yards (Fig. 103). Where it is desired to
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wind the cioth in iar^c und liunl rulLs, a cuuibinecl cluth winder and
nn-usurrr (Fi^. 10^1) is usuiUly employed.

Inspecting. Those imperfections in the weav. nt th- ( loth

usually indicated by a mt^ss of tangled threads producing a hump
or knot aR* not infrequent, and must be removed prior to coating,

or the raised surface will cause an unevenncss in the finished coat^nJ

product. Such knots in en»l)ossing are prone to pull away from the

tloth, due to defioitmt adhesion, and produce a blemish which must Ik*

cut out before the cloth is of use in the arts. For this reason inspection

of the cloth is an im|K)rtant procedure. The operator stands in front

of an inspecting machine (Fig. 10-3), the cloth passing up the inclineii

table and in full view, where any defects may be detected and rcmovcti.

1 I' !»•_' le Calender
Hulling Machine wilh Aiijustable Measur-
ing Attachment.

Fig. 103.—Counting Register for

Measuring Cloth.

The removal is accomplished by hand, using a long, sharp-pointed

knife, the " knots " being cut out without seriously weakening the

cloth at the point of operation. The machine may be started and

stopped at will, being governed by the operator's foot on the treadle-

lx)ard in front, acting through a friction clutch on the driving pulley.

A rolling head at the rear places the cloth on the rolls, and is pro-

vided with sprea<ler bars to take out wrinkles and turned edges. The
speed of the machine may be adjusted according to the class anil

condition of the goods and the skill of the manipulator. A measuring

dial can be attached if desired.

Cleaning the Cloth. The previous processes have more or less

filled the cloth with dirt and lint. It is to n^move this suq}lus lint

and extraneous matter and raise the nap (filx'rs) of the gcxwls, that a

brushing or scrubbing machine finds application. The advantage
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of removal of free lint is that its presence gives a v/eaker foundation

for the anchorage of the subsequently applied pyroxylin solutions,

and the greater advantage of the brushing machine is probably to

raise the nap, thus causing the pyroxylin to adhere more tenaciously,

and more readily penetrate the interstices of the cotton fiber. For

this reason " singeing " or burning off the fibers by means of a flame

is never resorted to in cloth intended to be pyroxylin coated. Well-

brushed cloth gives a better finished leather because the firmer anchor-

age requires less coating composition and hence equal tensile strength

with greater flexibility and elasticity. The value of this operation

is rapidly becoming recognized, so that at the present time nearly

all cloth intended for artificial leather is brushed before coating. The

Fig. 104.—The Curtis & Marble
Cloth Winder and Measurer.

Fig. 105.—Cloth Inspecting Machine with
Reverse-motion and Rolling-head.

vertical arc to be preferred to the horizontal brushing machines, Fig.

106 illustrating the former of the Heath type, as constructed by the

Curtis & Marble Co. After passing over tension and spreader bars

in front the cloth enters at the bottom of the machine and passes

straight to the top, being cleaned on both sides during the upward

passage. By an arrangement of the dust chutes in the interior the

dust and lint from each of the three pairs of brushes are conducted to

the bottom of the machine without being intercepted by the brushes

underneath or by the cloth. A hopper is placed at the bottom of

the machine and w)nnected by a pipe to an exhauster, for removing

the dust and freeing as much as possible the room from partic'.cs

arising from the machine. The -exhauster being adjustable, guide

bars are arranged to hold the cloth in contact with the brushes and

minimize vibration. The l)rusher .should be filled with stiff iUissian

bristles, which are the most effective for cleaning cotton cloth. The
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cleaning rolls arc adjustable, so they may bo regulated to l)ear lightly

or heavily on the goods as required. Doors at the front and bark
of the machine furnish ready access to th(^ interior, the dust chutes

being removable so that the brushes may be readily reached for clean-

ing. Occasions have arisen where it was desirable to smooth the

coated cloth prior to embossing, in which event one or more of the

bristle brushes may l>e replaced by sandpaper or emery rolls. There
is usually attac^Hnl to the bnishing machine a steam-heated steel-

cylinder drj'ing machine, where the last traces of moisture are removed
from the clotli. This ituroval of moisture is neccssaiy in order to insure

maximum .ulhcsion of the coating composition, and this final drying

usually takes plact- just before coating, that no considerable time

1 io. luo.—Tht lluaih Piitent Vertical Fig. lu, — lL,.iv^^.x^ Sewing and Rolling
Bnisher. Machine. (Curtis & Marble Co.)

may elapse in which the cloth may regain its normal atmospheric

moisture, which varies from 4r-7%.

Stitching. It often occurs that one or more lengths of cloth are

to be joined together previous to coating, and it is necessary that the

seam Ix) uniform and not raised in order to pa.ss under the coating

knife without difficulty. If the goods can be transportetl readily,

a 80-calletl railway sewing machine (Fig. 107) for stitching together

the ends of the goods to make a continuous piece, is indicated. By
this means much time and considerable labor in changing rolls of

cloth on the coating machine are averted. The cloth is drawn out to

its full width aii'l held smooth and straight by steel pins on the machine.

The .sewing-niaiiiinu head then travels across the face of the cloth,

and sews the two ends with a continuous chain stitch, which is easily
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unraveled. The head stops automatically at the end of each seam,

and is readily adjusted to varying widths of goods. At the end of

each seam the turning of a small hand wheel brings the head back

to the starting point at the left hand of the machine and ready for

the next seam. Where it is more convenient to bring the sewing

machine to the roll of cloth than conversely, a portable machine
(Fig. 108) is generally used. (See also Fig. 109.) The great advantage
in combining one or more pieces before coating is the absence of two
or more yards at the ends of each piece of cloth which has not received

the composition, and which is practically worthless, but necessary

in order to attach to the coating machine. By combining several

pieces in this manner the only limit in the number of yards which
may be coated in a continuous piece is the ability to handle the rolls.

Fig. lUS.—rortuble Hand Tower Railway
Sewing Machine. (Curtis & Marble Co.)

Fig. 109.—Belt Power Railway ^^ewing
Machine. (Curtis & Marble Co.)

From 300 yards of the heavier cloths, duck and drill, to 500 yards of

muslin and the lighter weights of sateen, is the maximum length

which can be handled economically in one series of operations.

Coating the Cloth. The theory of the coating operation is the

application of surfaces of cellulose nitrate compounds to a flexible

permeable base, and consists first in impregnating the base (cloth)

with a solution of the compound of just sufficient fluidity • to

1. If the coats are not placed one after the other with the lapse of but a short

time, it has Ijeen observed that there is a distinct difference with which the upper
penetrates the lower coat, and the longer l)etween coats, or the more thorougnly
the previou-s coat be dried, the greater difficulty will the last applied coat experience
in fa.stening to the previous one. J. J. Mann (E.P. 877, 185K>) proposes to raise

the nap artiticiully In'fore the pyroxylin is applied, and u.ses a .speciallv c<)nstructe<l

machine descrilH'd in E.P. 1!>71(), 1S1>1. For description and iliu.'^t rut ions of

earlier ustul coating machines see J. B. Edson, E.P. 5554, 1S.S3; F. Eckstein, E.P.

18932, 1892.
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permeate it to the reqiiirrd depth to secure a firm hold, surround and

fill the interstices of the filn^rs, and then drjing thi* coating. It is

usual to place from three to five separate coats on the cloth, the first

being of a more fluid nature, that it may readily penetrate the textile

and establish a fountlation upon which the superimposetl coats may
be built to form a homogeneous and strong whole. This first or

" skin " coat is applied with the coating knife under heavy tension

to the cloth. This raises the " nap " of the cloth and assists in the

deep penetration of the cellulose nitrate composition.' The second

coat is heavier in viscosity and applied thicker, and designed primarily

to deposit as much solid matter on the textile as possible.^ The third

and subsequent coats are very light and intended to produce a firm

and hard finish and one as free as possible from "pin holes." ^ Each

coat partially softens and dissolves the previous coat, so the tw'O

coalesce and unite to an intimate whole. That the succeeding com-

position may not cut too quickly or less quickly into the previous

coat is adjusted by the relative amounts of cellulose nitrate solvent

in the several compositions,"* and also the proportion of vegetable oil

present.* In order to produce the maximum durability in finish,

it is customary for the inner coats to contain a larger amount of oil

than the exterior, whereby elasticity is obtained, while the outer coat

is high in cellulose nitrate, whereby great strength is attained. The

manipulation of oil and pyroxylin is also adjusted to meet the several

trade requirements to which the finished material is intended.* In

1. For this reason the most fluid pyroxylins are selected for artificial leather-

coating formulas, that economy in volume of solvent required may be effected.

2. The speed of coating dep>ends upon the fluidity of the composition, dryness
of cloth, and temperature of hot-room to which the coated cloth is to pass through.

3. Usually the operator at the coating machine has coating material of high-

and low-solvent power at his disposal, to meet a contingency of this nature.

4. By placing the larger portion of the vegetable oil—the flexible portion of

the formula—in the center of the coating, a firm anchorage and tough outer surface

may be produced with the minimum of the most expensive constituent—pyroxylin.

If the last applied coat is too high in solvent power and cuts too readily into the

previous layer, this may so weaken the anchorage that a " blister " or insufficiently

attached particle may result which will adhere to the embosser in a subsequetit

operation, and form a blemish.

5. If there is sufficient oil present, it will retard re-solution of previous coata

—

oil and pyroxylin being directly antagonistic.

6. F. G. Annison (Ui5.P. 6027U7, 1897) has clearly difTerentiated the various

coating operations in his acceptable claim for a pyroxylin artificial leather. He
claims his process as " the art of appljnng surfaces of nitrocellulose compound to

a flexible permeable l>a.se, which con.sjsts, first, in impregnating the base with a
compound sufficiently fluid to permeate it to the required depth to secure a firm

hold thereon, surrounding the fillers and to an extent filling the interstices thereof;

second, drying the impregnating compound; third, superimposing on the dried

compound a coating ot a solution of tne compound thicker than the solution for

the first coating, but sufficiently fluid to be spreaii over the surface of the impregnat-

ing compound, filling the liase and partially diswolving the impregnating compounti,

so as to coalesce and intimately unite therewith; fourth, drying the superposed
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artificial leather required for book binding, the solution is spread

very thinly on the textile, and in order to obtain the requisite strength,

the coating composition is made high in pyroxylin and low in vegetable

oil. Increase in the number of coats appears to compact the com-

position so that a more durable leather results and one which will be

more apt to take a sharp-cut embossing pattern without showing

tendency to split or cut through.^

The efficiency of the finished material depends in a great measure

upon the character and strength of the cloth coated. As in duck,

drill and similar more loosely woven cloths, it stretches more in one

direction than in another. This has a tendency to cause the grain

of the embossed pattern to disappear through the tension of severe or

long usage, and upholstered articles are prone to become irregular

and " baggy " in places. Sateen and moleskin, in which the weave

and weft have been woven with approximately equal tension, do not

show the disadvantages just enumerated. The weave of the cloth

seldom shows through and coated goods are less prone to become

irregular in shape. Such cloth can be molded and tufted in upholster-

ing operations with less liability of cracking the leather. In produc-

ing a finished leather of a given strength upon tension, it has been

found less expensive to start with a cloth of high strength than to

attempt to overcome the inferiority of the cloth by a coating com-

position high in pyroxylin.

Two of the best-known forms of coating machines at present in

use in the United States were designed by Mr. Frank Currier of

Newark, N. J., and are now built by theiirm of Cyrus Currier & Sons.

Their advantages and points of superiority will be apparent from the

following brief description.

Fig. 110 represents the Currier Festooning Machine, with hot-

room for drying the coated cloth attached. The cloth, dried, scrubbed

and tightly rolled, is attached at the axle, usually in rolls of about 300

yards length, where it is unwound and passes under the knife /i,-

which applies the coating composition. The height of the knife from

the surface of the cloth can be regulated at will, so that the depth

of coating material may be accurately gauged. From the knife,

coating; and fifth applying one or more coatings of such heavier solution, drying
each in turn, until a surface of the requisite bo(ly has been built up, whereby the
coat is homogeneous as a whole and finnly attached to the initial application, and
then after compacting the coat by heat, finally embossing it."

1. Roughly, of the total amount deposited in the several coats, alwut 15%
constitutes the first, 50% the second, and the remainder the one to three coats
necessary to produce the desiretl effect.

2. The spreading or coating knife has a blunt and a sharp edge. The first is

intended for the heavy intermediary coats, and the sharp edge for the initial and
thinner coats.
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the cloth passes over the drum C, steam heated to about 9Xf > and
then over the tensile rollers Z), E, F, of gradually increasing size.

From this, the coated cloth passes over the bar G and into the hot-

room H, where it is taken care of by the festooning arrangement

indicated, from which the machine and method receives its name.

By means of the steam pipes /, combined with automatic electrical

contrivances, a uniform heat of SO-<So° is constantly maintained,^

By means of the endless chain ,f, the coated cloth is caught up at G
and carried into the hot-room, which usually has a capacity of 200

to 300 yards at one time. The cloth therefore is in contact with the

heating surface from one-half to three-fourths of an hour, and this

long contact with a uniform source of heat insures thorough and com-
plete expulsion of the last traces of solvent, and is an important point

in favor of this type of machine.^ The speed of coating, the number
and proximity of the festoons, the length of time they remain in the dry-

room, and the temperature to which they are subjected therein, may
all be modified to accommodate the class of leather which it is desired

to produce, and the viscosity and nature of the coating composition

to be applied. It is necessary to intelligently regulate the speed of

coating to conform with the thickness of the layer applied, it being

obvious that the heavier the viscosity or amount applied in a single

operation, the more slowly must the cloth pass under the coating

knife. A cloth winder (Fig. 101) may be attached to the back of the

hot-room to receive the festooned leather after drying,'' the roll of which

is detachable and may be mounted on rollers to be more readily trans-

ported to the point of commencement in position for receiving the next

coat. In some factories an opening in the rear of the dry-room takes

1. If the temperature of the drum materially exceeds this temperature, too
quick evaporation of solvent results, and small bubbles appear which finally

burst from expulsion of solvent vapor, or tension is reduced Ijefore breaking and
the bubble remains intact. These form irregularities which increase with subse-
quent applications. .-Vn effectual method of overcoming this difficulty is to inter-

pose a heavy roll, one weighing 600-800 lb. of solid steel, so that the coated face

passes under this at consideral>le tension. A crackling noise can \)e he^rd con-
tinually, due to the bursting and poUshing of these excrescences from contact with
the roll. It is unnecessary to use a roll of this description on the final coats if the
interme<liate coats have hatl the pinholes removed in this manner.

2. If the temperature greatly excee<ls this, the strength of the deposite<l coat
will \)e af^'ecteti, and cracking may result. If much l)elow this temperature, last

traces of solvent are incompletely expelle<l, an<l a soft final leather results, and
one in which it is difficult to remove the amyl acetate and fu.sel oil o<lor. In any
event the odor is incompletely removed, as is noted by the strong .smell of these

solvents at the time of emlxesing, even several weeks after coating.

3. Some advocate a final expulsion of solvent and toughening of the leather

by one or more days' exposure to the sun, but the author is unaware of this being
done in practice.

4. Figs. Ill, 112 and 113 being scale drawings, it is unnecessary to state

dimensions.
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the cloth, which passes beneath the floor through a cooling chamber,

and automatically rolls up just back of the roll A, which is l)oing coated.

The transference is but a matter of two or three feet, to enable another

coat to 1)0 deposited. The hot-room is thorouglily ventilatetl by means

of a Sturtevant or similar blower, usually discharging into the open

air. In order to avoid accidents from the collection of benzine vapor

at the bottom of the dr\'ing chamber, it is usual to have fan connection

at the bottom also. The coating material which gradually creeps

under the knife blade and shows on the cloth at the other side is

periodically removed by scraping with a spatula. The dr}'-room is

constructed of tongue-and-groovcd material, lineil with sheet lead

or tin.

P'igs. Ill, 112 and 113 represent the front, side and top details of

a coating machine designed and built by Cyrus Currier & Sons in 1907

for u Japanese firm,' and may be said to embody the latest and most

approvo<l methods of construction in this cla.ss of machines. The
principal difference between this and the previous .system of coating

is in the drying arrangement, where the cloth, after being brought

in contact with the artificial heat for nearly five minutes, is partially

coole<l, and then subjected to heat again. Power is applied entirely

from the rear, thus obviating in a great measure the constant vibration

present where power is applied directly to the coating machine, and

which results in the appearance of minute wave lengths on the coated

cloth, due to the continual vibration of the knife at the moment when

the cloth receives the fluid pyroxylin coating. The large wheel E,

which regulates the distance of the knife C from the cloth and hence

the weight of coating material deposited on a given area, can be deli-

cately adjusted and may be graduated in degrees on the circumference

and connected with a pointer by means of which the tension may lie

accurately registered and duplicated at any future time, provided

the same speed of passage of the cloth under the coating knife be

known. After receiving the coating material, the goods pass over the

leveling plane £>, and into the hot-room F, where by means of -guide-

rolls G tension is maintained and uniform exposure of surface a.ssure<l.

As the result of this method more uniform dr>'ing is possible than where

ih< tt-^toon arrangement is in practice, and more thorough aeration

ami hence removal of solvent from immediate contact with the coated

surface. This removal is made possible by the use of a powerful

blower situated in the center of the drying system, and by which the

1. M. Takeuchi. The alt4>matc cooling and heating induces corresponding

contraction and expansion of the composition, and upon theoretical grounds assists

in the volatilization of solvent.
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air may be complotoly renowtnl every three minutes. Tension may
Ik? increased or tiecreaseti at will by regulation of the wheel H. The
balancers K retain an even tension <luring the return trip, where the

cloth is woun<l within five fc<»t of the place required for depositing

a future coat. In order to afford protection of the coatetl cloth from

dust anil moisture, and the operator from the effects of the continually

evaix)rating solvent, the coating frame is inclosed (Fig. 112) with

oiM'ning for the outgoing and incoming goods. The dry chamlH'rs

have doors which admit of inspection at any stage of the drj'ing proc-

ess. The usual temperature maintained is 85-l(X)°, and may Ix?

ilecrcast^l or incroastnl by varj'ing the speed of pa.ssage of the cloth

or the nunihcr of units in the drj'ing system. Usually two effects

liavo l)een foiuid sufficient. As indicated in F'ig. 113, the discharge

of the air-hulen solvent is made at the top, whereby the circulatory

system in the dr>' chamber commences at the lx)ttom and moves upwanl.

This obviates any possibility of the accumulation of benzine vapor.

The air inlet is usually covered with fine cheesecloth or wire mesh
in order to minimize the deposition of dust on the freshly coated cloth.

By means of rolls in the dry chamber, the cloth may be made to traverse

a complete circuit twice, and thus exposed to heat double the length

of time indicated. It has been contended by some authorities that the

desirable physical properties of the finished cloth—strength, pliability,

resiliency and toughness—are more effectually obtained where the

temperature of drying is reduced and the time of exposure of the

cloth to the artificial heat increased. From 200-400 yards can be

coated each hour in machines of these types, the number of yards of

finished cloth which may be produced being obtained by dividing

the total coating length by the number of coats applied. The usual

coating composition for the prime or first coat may be stated as:

Cellulose nitrate 40 lb.

Vegetable oil (say castor)* 55 "

Wood alcohol 98% 12 gal.

Amyl acetate 8 "

Refined fusel oil 2 "

Benzine 6*2° B6 2 7 *'

Benzine 71° B^ 13 "

Pigment, sufficient to produce the desired shade.

1. Usually the inferior grade, " seconds," is used for this purpose.
2. The advantage of benzine of two boiling points and hence speeds of evapora-

tion is to use as small amount of the 71° B^. liquid as {X)(Mible on account of higher
price, but which is necessary, or the preponderance of non-solvent would increa.se,

due to the greater volatility of wood alcohol as Cfimpared with the 62^, and hence
incipient gelatinizatioQ might occur and thus weaken the fihn.



386 NITROCELLULOSE LNDUSTRY



IMITATION Li:-\T1IER AND FlU TEXTH.K WATERPRODFTW. 3S7

For the interior coats, the pyroxylin is tlccreastMl from 10-20' < i"i*i the

oil inereastHl accordingly. The final or finish coat is again high in

pyroxylin, and may exceed the quantity of oil present by as much as

20^C' The volume of combinwl solvent and non-solvent may vary

within wide limits, due to the viscosity of the pyroxylin used and the

volume of coloru;g matter require<I. The fluidity of the coating

compositions, (" dop<» " or "jelly " as they are usually calletl), must

be about the same in order to flow out under the knife properly in the

operatiores OT coating. It follows, a priori, that a cellulose nitrate

of high viscosity requires more solvent to produce a given fluidity

than one of less tenacity. Therefore the number of coats to be applied

are not a fixed number, but depend primarily upon the nature and total

solids present in the composition and the appearance of the coated

goods. The boxes containing the coating material are kept on scales

near the coating machine, and the amount of material being consumed

continually notetl. In general from 10-16 oz, solid material per square

yard of finished leather are the usual limits of total solids deposited.

Solvent Recovery. From an inspection of the ingredients

given in the representative foraiula stated above, it will be noted that

about one-third of the cost of the coating material is liquid and vola-

tilized in the drj-ing of the several coats. This may exceed 50%
in some of the more inexpensive leathers. Admitting forty-five

thousand yards per day as a rough approximation of the amount

of this leather produced in the United States, it is evident that

several thou.sand dollars in fluid is vaporized weekly in the process

of cloth drj'ing. The process of solvent recovery' of Gray * con-

sists, after the usual impregnation of the cloth with the coating

composition,^ of passing the cloth into an air-tight casing. This

opens by means of a narrow aperture into a steam-heated dr}'ing

chamber from which the vapor is withdrawn and passed to a con-

denser, the bulk of the air and unconden.sed vapor being retume<l

to the drying chamber, while a small portion may be passed through

a second refrigerated chamber. De Grousilliers ^ causes the coated

cloth or paper to travel through a hot-air chamber where a fan aided

by suction passes the vapwrs through condensers, pressure and reduc-

tion of temperature both being applied. The method of M. Lieb-

recht"* is intended primarily for the recovery of vapors heavier than

air, but is claimed to be admirably adapted for use in recovering amyl

acetate, ether and alcohol. The chambers in which the vapors are

1. E.P. 19710. 1891; abst. J5.C.I., 1892, 11, 901.

2. E.P. 19175, 1894; aJwt. J.S.C.I., 1895, 14, 862.

3. E.P. 13562, 1895; abst. JJS.C.L, 1895, 14, 886.

4. F.P. 352298, 1905.
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present arc provided with troughs with perforated false bottoms,

the spaces between the bottoms being connected with a pump; the

troughs are situated at the Ijottom of the chambers so that the vapors

are collected in them and drawn off, whence they pass into a con-

densing liquid through porforated pipes, the liquid being cooled.

Where acetone was the sole sfjlvent, recovery may be nearly complete *

by bubbling the vapors through an aqueous solution of calcium

chloride contained in a series of washeis. The acetone is dissolved
'

in, and combines with the calcium chloride, from which it may after-

wards be recovered by distillation. So far as the author is aw?ire,

no firm is recovering this solvent in the United States at the present

time. Suction of the blower outlets from the drying chambers into

various refrigerating systems, brine, ammonia and calcium chloride,

have all been unsuccessful, about the only thing recovered being water

and " smell." The difficulty appears to be that in order to obtain

satisfactory elimination of solvent from the cloth, renewal of the air

in the dry-room is so frequent that the critical temperature of the

combined vapors is not reached, and but little liquid deposition results.

In one series of investigations, 1,200 feet of pipe surrounded by a

brine system cooled to 0° failed to liquefy more than 2 gal. of fluid

per hour, of which over 90% was water. Artificial leather at the

present day is produced in the face of very keen competition, and

the practical solution of the problem of economical solvent recovery

would add a groat stimulus to this industiy.

Classes of Artificial Leather. In addition to the blown-oil

and castor-oil-containing leathers, which are distinct classes, various

subdivisions intended for specific purposes may be noted. Hospital

sheeting is cloth coated on both sides with pyroxylin-containing

material, of a drab shade, high in pyroxylin to render it impervious,

and containing usually antiseptics, as iodoform, aristol, mercuric

chloride or other germicide. The use of sodium sulphocarbolate

has been patented for this purpose.^ The leather is intendetl to be

treated harshly, to stand heat and chemical sterilization, and is nec-

essarily not very flexible. It offers the advantage of being practically

unaffected by the usual operating solutions and liquid bactericides,

easily sterilized and unaffected by organic or weak inorganic acids.

For decorative wall paper, fancy upholstery and elaborate trimmings

for furniture, the pigment in these leathers may be replaced by gold,

silver and colored bronzes. These are usually incorporated with the

" dope " before coating, the finish coat being always transparent in

1. C. Harrison, W. Bate and W. Perks, F.P. 381529, 1907.

2. J. H. Stevens, U.S.P. 612553, 1898.
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order to protect the metal from the hydrogen sulphide in the atmos-

phere.* With aluminum this step is unnecessary. Where a decided

gloss is desired the transparent coat must be applied by hand by
brushing, and always after cniliossing. Iridescent and spangled effects

may be produced by coating the cloth in the usual manner, and then

by means of an atomizer containing a complementary or harmonious

color dissolved in pure amyl ac^etatc or mixed with it if pigment,^

tlu" color is sprayed upon the cloth immediately after passing under

the coating knife in order that a firm anchorage may be had. Gold

and silver bronzes, mica, ground mother-of-pearl, and other fluorescent

and iridescent materials may be deposited in this manner and very

curious and pleasing effects produced. In mission and other antique

furniture it is often desirable to depart as far as possible from an

appearance of newness, and dull finishes arc resorted to. The first

requisite is a coating composition low in vegetable oil ; ^ the next is

the dejwsition of a dull or matte color, the latter being usually accom-

plished by means of large atomizers in which lampblack thoroughly

ground and suspended in amyl acetate is used. Immediately upon

the issuance of the cloth from under the knife, it is met by a spray

of the black manipulated by hand, which eflfectually covers any appear-

ance of gloss.^ (See also Antique Leather.) The upholstery in smok-

ing cars is often produced in this manner. It is a peculiar fact that in

the manufacture of bronze-containing coating formulas, the alloy

must be incorporated with the pyroxylin but a few hours before using,

for upon standing gelatinization of the entire mass occurs, and the

mass cannot again be brought into a satisfactory state of solution.

ThLs applies most forcibly to alumiimm-containing formulas. In the

more inexpensive leathers, rosin and the soft copals enter. Rosin

is prone to come to the surface after the finished goods have been

stored for some time, and appears Jis a whitish efflorescence or bloom.

The leather may be readily restored to its former appearance by wiping

1. The copper entering into nearly all the gold bronzes is turned darker, due
to the format lun of black cupric sulphide.

2. That the spraye*! material may cut into the coating before evaporation
sets in. Wood alcohol or other similarly l()w-l)oiling li(|uiil woul 1 not answer,
l)ecausc the solvent would evaporate l)efore firm attachment could take place.

3. That the gloss may be as sulxlued as possible. Where large amounts of cloth

are treated in this manner, large atomizers worked by air pressure are substituted

for the smaller hand apparatus. The pigment must be ground exceedingly fine,

as the proper covering of the entire area uniformly before the recent coat has
set, nnjuires considerable care and experience. ITie pigment, being high in solvent,

immediately attaches itself to the moist pyroxylin surface.

4. In order to obviate the possibility of the heat driving the oil to the surface
and interfering with the desired appearance, these g<x><ls arc either einl)oss«'d cold,

the impression l)eing made longer, or a very gentle hejit is admitted to the emlxjssing

chamber, and the time of plate contact correspondingly reduced.
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the cloth with a liquid which will dissolve the resin but not affect the

nitrocellulose—benzine for rosin, and fusel oil for the copals being

ordinarily used.

Calendering. The coated cloth is rough in appearance, usually

pitted with small holes formed by the escape of solvent, and is never

offered for sale in this condition. If it is desired to subsequently

emboss the goods with a fine pattern where small inequalities would

readily become apparent to the eye, the goods after coating are passed

through a calendering machine, as illustrated in Fig. 114. The upper

and lower of the three rolls are hollow steel, and have steam connec-

FiG. 114.—The Farrel Standard Three-Roll Calender.

tion. The object of calendering is to obtain a more compact and smooth

surface, and this is accomplished by means of the two steam-heated

rolls, which revolve at a higher rate of speed, although in the same

direction to the central roll. The material is run through the upper

roll, the coated face next to the steam-heated roll revolving at the

increased speed. It passes next through the under roll in the same

manner, the variation in speeds being usually as two to three. The

heat, pressure and friction smooths out any unevenness and produces

a flat and somewhat polished surface.

Embossing. With the exception of hospital sheeting and a

snuill group of muslin textiles coated with pyroxylin, all artificial

ieather is embossed before being placed on the market. Two forms of



IMITATION LEATHKH AND Fl'R. TKXTILK WATERPROOFING 391

emboHsing are usc<l, Umt produrrd by rolls and that by plates. The

former (Figs. 115 and 116), consist of engraved rolls of hammered steel

PlO. 115.—The Currier Thrce-R' ill Emboiiin- Ma<:

with counter rolls of paper pressed on steel mandrels to receive the

pressure of the embossing pattern. Steel coated with gutta percha

Fio. 116—The Geo. H. Ohl Plate Emboesing Press.

is also used. The engraved roll is steam heated, and the coated cloth

simply passed through the machine once, the heat and pressure being
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sufficient to permanontly impress the pattern upon the goods. Steel-

roll embossers have several disadvantages for this class of work, which

are gradually causing them to go out of use. The engraved rolls cost

several hundred dollars each. The counter rolls can only be used for

one pattern or patterns of similar depth of penetration. Therefore

to do the varietl class of embossing required in the pj'roxylin artificial

leather trade, requires a considerable investment. Furthermore the

fraction of a second in which the goods are in contact with the two

rolls at their greatest pressure has been found iiLsufficient to impress

with the desired sharpness many of the patterns. For these and

other reasons, embossing presses are being more extensively used

and in which the impression results from the contact of a fiat plate

(Fig. 117). The upper portion of the press contains the steel sheet

Fig. 117.—Currier Steel Embossing Press.

or pattern, and this is connected with a steam chest located in the

upper portion of the head. The cloth is placed between the jaws,

the press forced down, allowed to remain as long as required antl raised

when a new surface is placed in position to receive the imprint. Much
clearer, more durable and natural effects nuiy be produceil with press<\s

of this type, while the cost of new plates is but the fraction of the expense

of roUs.i The temperature of the steam chest is kept at about 80°,-

1. The avera|?e cost of embossed plates is eight cents per square inch, irrespective
of the size, and in gpiioral of the pattern.

2. Both the enilMJssing and coating machines are u.sually wire proun«led to
minimize danj^er from «'lt*ctrical distiirhances, and the lniildinR» are o«|uippt>d with
Hpi>ukinK tuln-s nitlMT than with telephone connwtion for tin* siunc rea-son.

If the temix«rature of the stoam chest is t<H) higli, tin- oil in the c<uitin); com|Hwi-
tion conu^s to the surfjicc and n»niain.s there after emlK)ssin)t, iinj)artinK an obiection-
ablo greasy feel to the goods. Lightly brushing the surface with amyl alcohol will
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an actual contact of from 15-25 seconds being the usual rate of

spcctl.'

Varnishing. Tu increase the gloss and wearing qualities, con-

siderable artificial leather is varnished by hand after emboesing. The
lacquer contains from 6-8 oz. pj-roxylin, Ls low in solvent power,

a satisfactory composition being represented by the following formula:

Amyl acetate 45 parts by volume

Wood alcohol, 99% 15 "

Refined fusel oil 3 "

Benzine 62° B6 37 "

Pyroxylin 5 parts by wfijiht

>

The lacquer is placed on the leather with flat, four- or five-inch brushes

similar to painting, after which the lacquer goods arc passed over

long rows of heated steam coils until the solvent has thoroughly dis-

sipated. The brush is moved but lightly over the surface so as not to

<hill the pattern of the embossing. Where the original shade of the

leather has been impaired from emlx)ssing or was incorrectly matched,

the ilifficulty may be remedied by introducing dyestuff in the varnish

composition. Attempts to improve upon the hand method of var-

nishing by atomizing a transparent solution by atomizers propelled

by an air blast have not been successful; although much more surface

can be covered in a unit of time, the high gloss is not apparent. If

the embossing plates are too hot, excess of oil oozes to the surface,

and this must first be removed by wiping with fusel oil, or the varnished

surface will take on a streaked and uneven appearance. If it is

desired to change the pattern of an embossed piece of goods, the same

may be varnished with a composition similar to the above but con-

taining in addition a weight of castor oil equal to that of the pyroxyhn,

after which it may again pass under the embossing plates and the

impression will be as distinctive as if no previous embossing had taken

place.

remove excess of oil, should such a course be desirous. Insufficient heat prtnluces

an impression which is indistinct and does not hold up well under usance. In lioth

calendering and emlx>s«ing great care must be exercise<J that the more delicate

colors—light pinks, and pale blues—and which are produced by means of organic

dyestuffa and lakes, are not changed by the heat. In matching colors, this point

becomes of considerable importance, as the heat to which the composition is sub-
jected may be sufficient to throw the shatle off. These same types of emixMwing
machines are used to produce the crushed and brocaded appearance to velvet

and plush.

1. The length of contact is in inverae proportion to the temperature of the
embossing plate.
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The patented formula ^ of A. Cohn for a similar preparation con-

sists of:

Amyl acetate 100 parts

Celluloid 7-12 "

Castor oil 10-18 "

In the author's judgment such a formula would produce a lacquer

too soft for satisfactory wearing, on account of the high percentage

of oil.2 3

Hand-Decorated Leather. In the production of permanent

and artistic wall papers, furniture, upholstery, etc., multicolored effects

are produced by hand on the regular pyroxylin-coated cloth, and in

a manner similar to oil painting on canvas. The colors, which are

usually pigments or lakes on account of their opacity and durability

are first ground in fusel oil, and combined with high boiling point

solvents, the usual formrula being amyl acetate 80, refined fusel oil 20.

As indicated in the above formula, the liquid portion is always high

in solvent power, in order to insure quick and deep penetration when
placed on the pyroxylin coating. The design is painted on with various

colors by moans of small artist's brushes, the solvent immetliately

cutting through the superficial pyroxylin layers, and imbedding

itself firmly, thus becoming a portion of the coating. The quick

penetration, and -solution heavy in pigment, causes practically no

spreading when applied, so that fine lines and delicate work may be

executed. Adhesion may be increased and a soft effect produced

by lightly applymg a final coat of colorless pyroxylin lacquer, which

causes the colors to slightly run, the diffusion and blending of color

producing warmth and tone to the work. Often an embossed pattern,

as flowers, may be colored in their natural shades in this manner,

and the wall paper and upholstery may be made to harmonize with

1. E.P. 16429, 1901.

2. The formula of II. Luttke (E.P. 24955, 1902), which consists in incorporating
nitroglycerol with the pyroxylin, has never been used industrially on account of the
possible danger involved.

3. The lacquering composition of D. Marcus (E.P. 1372, 1894) consi.stcil of a
methyl alcohol solution of shelhic and camphor dyed with the juice of Rhus vemi-
eifera. Acconling to J. Wallner (Chem. Zeit., 1910, 34, 22) the m-jst satisfactory
and economical leather sul)stitutes thus far have been those in which a cotton fabric
is impregnated and coated with cellulose derivatives. Waste celiuloid s*crap is

dissolved in 94% alcohol, 1 kg. to 5 1., with later addition of thedesireil mineral
color in castor oil. This mass is forced by pressure through a slit upon the fabric

which is reeled directly into an exhausted, !?team-heat<Hl drying chaml)cr; SO^J, of

the alcohol is recoveri'd. To completely fill and cover the ware, six to eight coata
of increasing viscosity are applied. The fluidity is augmentc^l by addition of olive

oil; castor oil is more often used, giving elasticity to the product, and is used in

diminishing ratiosin the euccessive coats. .
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the general color scheme, protlucing relief work of very beautiful

effect. CoatH of amis, insignia.^, replicas, and similar raised work,

are first heavily embossed by means of a special pattern, usually with

a plate embosser, and upon any colored background, after which the

design is executed by hand. Such work is necessarily quite expensive,

and the textile backing upon which the original pyroxylin coat^ were

deposited is usually a closely woven sateon or moleskin. To give

increased strength,, both sides may be coated. There is practically

no limit to the intricacy of designs which may be e.xecuted in this man-

ner, and includes anything which may be produced on canvas with

oil colors.

According to L. Preaubert,^ who has patented a process for so

doing, peculiar and pleasing designs are produced by placing small

bits of tin foil over the leather before embossing, which gives a spangled

effect after decoration.

Smootching. This is the application of a colored, usually tran.s-

parent coat, to the surface of a heavily embossed leather, the applie<i

.solution being always of a darker color than the surface over which it is

painted. In 1S67 - Parkes took out a patent for the application of a

thin varnish of dissolved pyroxylin to a coated fabric, by regularly

spreading the compound over the cloth, which is afterwards sprinkled

with fish scales, or a bronze luster produced in the hollows of the

embossed fabric by means of sprinkling over the surface bronze

|x>wders, the latter being afterwards partially wiped off. C. Wittowsky

t)btained smootching effects mechanically,^ by means of heated

dies.

This treatment of leather is practiced at the present time, by rubbing

lightly over the top of the embossed pattern by means of a cloth,

a 3—J oz. pyroxylin solution in amyl acetate and benzine, the solvent

portion being kept very low that penetration of the liquid may not

be sufficiently deep to obliterate or blur the pattern. Great care

must be exercised that the dye solution does not enter the indenta-

tions of the embossing. The applied color is always a dyestuff, in

order that the transparency of the coat may not be affected. The

dyestuff solution must be applied sufficiently light so that the color

will not penetrate the folds of the embossing, but remain on the top

entirel}'. It will be remembered that real alligator hide, monkey

skin, and rhinoceros, elephant and hippopotamus hides are all darker

on the surface than in the folds of the skin, and it is to further duplicate

the natural appearance of these and similar skins that the embossed

patterns are smootched as indicated above. There is no tanned animal

1. E.P. 11181, 1899. 2. E.P. 1695, 1867. 3. E.P. 18989, 1890.
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hide where the under and protected epidermis is darker than the more

exposed layers of skin, hence the smootching solution, as mentioned,

is always darker than the color of the pattern to which it is applied.

Bismarck brown, aurine, fuchsine and auramine are the dyestuffs prin-

cipally used to produce these effects, all being readily soluble in amyl

acetate. It is evident in a finely embossed pattern, hand smootch-

ing effects cannot be pro'duced with as high degree of skill as where

the pattern is larger and the embossing deeper. In the production

of so-called " shimmer " and " sheen " effects, the smootching mixture

is applied to the surface in the ordinary manner, and before the pyroxylin

coating has had a chance to dry aluminum antl bronze powilcrs are

sifted over the surface. After thorough drying, the non-adhering

bronze is removed by brushing, leaving a peculiar superficial metallic

appearance on the coated cloth.

Antique Leather, also called Spanish and mission leather, is used

for mission furniture and other severe upholstery, and consists in the

application of a colored pyroxylin-containing solution over deeply

embossed artificial leather. As in the process of smootching, a dye-

stuff darker than the coated surface and dissolved in a liquid weak

as a cellulose nitrate solvent is employed, but the process is directly

opposite to smootching. In the latter, great care is taken that .the

dye solution shall remain on the surface and not penetrate to the folds

of the embossing, while in the production of Spanish leather effects

the opposite is desired, the solution being freely brushed over the

embossing and allowed to penetrate the folds, and then with a dry

cloth the dyestuff is entirely removed from the surface, after which

the leather is allowed to dry. The object of this treatment is to give;

the impression of great age, and that the artificial leather had been

subjected to long and continued wear, and this is apparently indicated

by the worn appearance of the surface, the original color being entirely

effaced and only recognizable in the folds, which has, of course, been

turned darker by the deposits of dirt in the creases of the leather.

Often pigments- ground in fusel oil are substituted for dyestuffs, and

two colors of very nearly the same shatle may be ground separately

and then but partially mixed before applying. This gives a streaked

appearance, not unlike unequal wearing of the material, and heightens

the supposed antique effect. The applied liquid must be low in

pyroxylin solvent power, or the original coating may be attacked and

the embossing partially effaced by the rubbing off of the superficia'

coat, A colorless final coating is seldom placed over the dye solu-

tion, JUS the gloss produced would tend to destroy the semblance of

old age, which is the property desireil. The use of badly worn oi
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mutiliatt'tl omlKissing plates is sometimes intentionally made use of

in order to destroy the regularity of pattern.

W. Love* has devised a hand glove consisting of a long strip of

material either in one piece or several pieces sewn together (Fig. US)
which Is folded accordion fashion and sewn at the sides to form a glove.

This has several loose finger hags without separate fingers, so that the

user's hand may Iji'- readily transfernnl from one to the other, exposing

difTerent jjolishing and cleaning surfaces. The glove is heltl on the hand
by means of an elastic wrist. Where considerable artificial or real

leather is treated thLs way, a mechanical contrivance similar to that

ilevise<l by liovc has been found quite useful.

Uninflammable Artificial Leathers may be prepared by intro-

ducing an inorganic salt into the coating com{X)sition where large

amounts of cellulose nitrate enter

into the formula, and this proc-
IflllDj!^^

ess, which has been patenteil,^ ^^ipj.'!''i!i!L(/^^>^

consists in preparing a solvent of
i m^^ I a^^

methylated spirit, freed from / W^y I \x\
water, methylated ether and a v/ Jn " \ a \^
hydrocarbon such as benzene. / >s!i£ ''"N^ ,y .m/
This compound solvent is satu- v>a^ \jHf/
rate<l with sodium tungstate or ^/ ^
pho.sphate, alum or a similar ^ tto in, t t> i- u- u ,

, ,

'

. . _
, ,

Fig. 118.—^The Love Polishing Hand
rx>dy to render It unmrlammable. (Jlove.

Cellulose nitrate is then incor-

porated with the liquid, the mixture clarified by subsidence or

tihration, castor or other oil added, and the finished preparation

applied to the cloth in the usual manner.

Pantasote, an artificial leather containing no pyroxylin, is composed

of boiled linseed and other oils, combined with pigments and is applied

in a .semi-liquid state to cloth and dried. The advantages possessed

by this protluct is entire absence of rancid or other disagreeable otlor,

although it lacks the tensile strength imparted by the pyroxylin.

It finds its principal use in upholstery and as curtains in railway cars.^

As a fireproof fabric,^ cloth is woven with mule-spun weft and

English crossbred worsted warp. After treatment with sodium silicate,

phosphate or tungstate, the material is highly finished by calendering

so that dust will less readily adhere to it. A thin cellulose nitrate

lacquer nia\ l)e finally applied to make the material further dust- and

1. E.P. 21535, 1900.

2. C. U. King and R. V. JeUicoe, E.P. 15686. 24695, 1893.

3. E.P. 9869, 1891.

4. W. H. and G. Bancroft, E.P. 24978, 1897.
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water-proof. The cloth is especially intended for the clothing of opera-

tives in gunpowder and other explosives factories, and in gasworks.

Deodorizing. The majority of the artificial leathers contain

castor and other non-drying oils to impart flexibility. After having

been heated to comparatively high temperatures during the diying

of the several coats and in the process of embossing, the oil in the

course of time turns rancid and imparts to the coated cloth well-<lefined

and disagreeable odors. Where blown cotton.seed and other oils are

used, the presence of the sulphur gives rise to still more noticeably

obnoxious smells. It was the odor, more than any other one factor,

which limited the demand for the original Tannette, and cau.sed the

manufacturers to gradually reduce the sulphur to but a fraction of

its original content.

As deodorizers, Stevens ^ has suggested sodium benzoate, .sodium

salicylate, /?-naphthol, naphthol, zinc chloride, bromide or iodide,^

and the carbolates and sulphocarbolates. In general, those volatile

oils having a higher boiling point and slower evaporation than the acids

hberated in the decomposition of castor and cottonseed oils, and which

are not prohibitive on account of price, have been found most satis-

factor}^ Included among these liquids are oil of amber, oil of cade

and empyreumatic oil of birch. Oil of amber imparts an indescribable

smoky smell to the coated cloth, quite pleasant and lasting. Oil of

cade gives a juniper or gin-like smell, more pleasant and fugitive than

amber. Oil of birch, known also as " Russia Leather Oil " is used in

largest quantities for this purpose. In 1885, E. M. Freely^ and P.

M. Justice ^ independently called attention to the value of this product

as a deodorizer and antiseptic, the former recommending a combina-

tion with alcohol and ether, while the latter obtained best results

by mixing with tallow oil. The oil is mixed with the pyroxylin com-

position before coating, in the proportion of 2 lb. oil to 200-250 lb.

mixture. It is readily soluble in fusel oil or amyl acetate, of a black

color and tarry odor, the odor being very persistent even after the

lapse of considerable time. Heavy and light camphor oil have been

used to a more limited extent, and less so the oils of anise, bergamot,

cajeput, cedarwood, cypress, light fennel, hemlock, origanum, and

safrol. Oil of citronella enters into a large number of lacquer formulas

and coating compositions in small amounts, for no \Qry clearly defined

puipose. Empyreumatic oil of juniper (oil of cade) was formerly

employed quite extensively. Oils of vetiver and patchouly, although

excellent, are too expensive.

1. U.S.P. 612066, 1898. 2. VS.V. 612067, 1898.
3. E.P. 2158, 1885. 4. E.P. 7223, 1885.
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The (locomposition and rancidity arc very materially hastemnl by

storing the coated gcxxls in a warm place away from the air, or tightly

rolled whert^ any rise of heat may he confined. Where raw cottonstMHl

oil has been used instead of the blown oil, instances have occurred

where oxidation in a confined roll has raised the surrounding atmos-

phere to the ignition JJoint of the coating preparation and the roll has

burst into flam«i
—

"

As preserving or insecticide ingredients added to artificial leathers,

textiles anil furs, eugenol, isoeugenol, safrol, nsosafrol, ally I malonate,

diallyl malonate, styracin, benzyl acetate, indene, styrol, allyl cinna-

mate and cyclopentadiene have been proposed. They are- introduced in

the solvent portion of the fornmla, being usually soluble without difficulty

in wood alcohol or amyl acetate. 3fe</mitroparacresol has been patented ^

for this purpose, and is readily soluble in acetone. Trioxymethylene

(parafonnaldehyde) dissolved in glycerol has been tried,^ but the

glycerol made the finished material sticky, and the formaldehyde

vapors irritated the eyes of the workmen, especially in volatilizing the

solvent immediately after coating. In feathers, skins and fur, spraying

the coated article with a 1% alcoholic solution of mercuric chloride

has been found beneficial, the alcohol dissolving the cellulose nitrate

coating sufficient to render the antiseptic permanent. In cloth coat-

ing, the side opposite to the coat has been sprayed with a- or ^-naphthol,

a- or ^-naphthylamine, naphthalin or cresol, but it is not customary

to treat cloth in this manner, as it involves an additional distinct

process through which the cloth has to undergo.

Decreasing Cost of Producing Pyroxylin Artificial Leathers.

Forty-five thousand yards is a conservative estimate of the daily

production of pyroxylin-containing imitation leather in the United

States, and fifty thousand yards would be perhaps nearer the truth.

The demand is steadily increasing, and therefore the problem of cheap-

ening the cost without decreasing the desirable properties has been a

problem of great interest and much thought. Keen competition and the

steady advance in price of cotton cloth and pyroxylin solvents have

given an added impetus to the subject. It is apparent that any

decided reduction in cost must come either from the solvents employed

(ir a decreased cost of the coating materials. The problem of solvent

i< ( (.very is one of the most important. The successful search for a

new and cheaper solvent does not look very encouraging at the present

time. The development of synthetically produced fu.sel oil may
iiiat( rially affect the cost of the finished product, but from the exper-

imentation which has been going on during the pjist few years, it has

1. E.P. 2667, 1897. 2. E.P. 22268, 1898.
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become generally recognized that important reductions in cost must
come from decreased cost of the coating material itself.

Tlie waterproofing and elastic propcn-ties of pyroxylin make it

desirable that the first and last coats shall contain cellulose nitrate,

which is ecjuivalent to saying that decrease in cost must be sought

for in the intermediate or filkjr coats. The ideal filler must be a mate-

rial soluble in a (;heap solvent, the least expensive being water, and at

the sam(? time, readily soluble in the solvents of pyroxylin, preferably

uinyl acetate. If the inner coats could have an aqueous base, and the

solids still be soluble in amyl acetate, the superimposed coat would

penetrate the aqueous filler, and attach itself to the primary or nitro-

cellulos(! layer, the latter being in contact with the cloth. Up to the

present time no inexpensive substance soluble both in water and amyl

acetate has hvon found. Of the water-soluble commercial products

which hav{? been pit)posed (glucose, d(!xtrin, acacia, ghatti, tragacanth),

none are soluble in the paraffin alcohols or the acetates derived from

them. Next in point of cost of water is perhaps benzine. In an

ideal coating it is necessary that the water or benzine used in the

inner layers be solvents, but conversely that the pyroxylin solvents

shall dissolve the inner coats in order to penetrate entirely through

the latter and become affixed to the primary pyroxylin-containing

layer.

The .solubility of both gelatin and pyroxylin in strong acetic acid

has been made the basis of several processes, but it has been found

that the fumes of the acid so attacked the machinery and eyes of the

workmen as to make the method inapplicable commercially. Byron

B. Goldsmith has been granted protection ^ for a process where the

intermediary layers are partially vulcanized oils, the so-called rubber

substitutes. Generally speaking, the vulcanized oils, although po.ssess-

ing flexibility, are very deficient in tenacity, and a film has no strength.

If the vulcanization be carried too far, the material becomes insoluble

in all known solvents. Goldsmith proposes to take corn oil, vulcanize

it in the usual manner with sulphur chloride, and then prepare a solu-

tion of pyroxylin and vulcanized oil, preferably by separately dis-

solving before mixing. The low sulphur-containing vulcanized oils

are readily soluble in both benzine and amyl acetate. The more

refractory oils may, according to the patentee, be brought into solu-

tion by prolonged action of the solvent, especially at elevated tem-

peratures. The gloss and finish of the resulting compound may be

modified within rather narrow limits by a selection of the oil to be

vulcanized. The coating of sulphurated oil is then applied in the

1. U.S.P. 841509, 1907.
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ordinary way. Samples preparotl according to Goldsmith'd printed

process, while ven,' flexible and otherwise sati^ifactory, do not have

the strength rtHjuiretl by the trade.

Stephen Met'rs * seeks to reduce the inflammability and at the same

time cheap<'n the cost of production of this kind of leather while still

retaining substantially all the desirable characteristics, by applying

a pyroxylin coating lo a fabric to produce a waterproof base, then

spreading on this foundation layer after calendering, a linseed oil

varnish with pigment, but containing no nitrocellulose. The pliability

is increasetl by the presence of a small amount of gutta percha. In

the former patent the expense is said to be reduce<l by the employ-

ment of com oil, and in the latter by linsee<l oil.

Artificial Chamois Leather containing pyroxylin Is limited to

chamois intended for underwear, vests and other apparel where the

closeness of the fiber Ls the main desirable requisite. Although chamois

containing the nitrocelluloses can be pro<luced of any desired degree

of pliability, the receptive nature to water is destroyed by the pyroxylin

present. J. Hothersall^ has attempted to produce a cotton cloth

to take the place of chamois, and applicable for wet or dry cleaning,

or for polishing pur|>oses, and for underclothing and linings by weaving

a cloth with warp threads dyed j'ellow, preferably with chr}'sophenine

(»r curcumine, and a soft spun, undyed weft. An acetic acid ^lution

ot collodion containing sufficient lanolin to impart the desired flex-

iliility is sprayed on the cloth, which is dried and passed through a

\v:irni bath containing Turkey-red oil to improve the softness. With
the method of L. Thirj' ^ sheep skins are heated together for a few days

in a hermetically sealed chamber. Fermentation ensues, the chamber
Ix^ing artificially heated during the fermentative period. The hides

after removal are spread out to absorb moisture, rolled, fulled, treated

with an oil as castor, all moisture removed by gently dr\'ing, a methyl

alcohol solution of pjToxylin added, and the material dried with con-

tinual movement to obtain a soft feel to the leather. It is said this

product is excellent for polishing purp)oses. Where the polishing

effect is to be heightened, a small amount of rouge, "putz, emery or other

similarly acting abriusive may be incorporated with the pyroxylin

.solution Ix^fort* application to the hide.

Artificial Sole Leather. Attempts to prepare sole leather

artificially which will still retain the desired tenacity and wearing

qualities when wet, have as yet not been entirely successful. leather

waste is usually torn up by a shredding machine, and mixed with a

1. U5.P. 837700, 190C: F.P. 369320, 1906; E.P. 18491>, 1906.

2. E.P. 9659, 1897. 3. E.P. 9889, 1892.



402 NITROCELLULOSE INDUSTRY

water-insoluble adhesive, as pyroxylin dissolved in wood alcohol

and amyl acetate. The composition after thorough mixing is placed

in trays or molds of the required size, a portion of the liquid evaporated

spontaneously or aided by a gentle heat, and further compacted by

hydraulic pressure between heated steel plates and finally completely

ilried. For some purposes the boards thus prepared are covered both

sides with a thin strip of split leather. In this instance, the leather

is laid in the trays and other pieces placed on top of the pyroxylin

mixture before the pressure is applied. The principal disadvantage

to the artificial product is poor wearing qualities, especially when
exposed to continued dampness, and the absence of the " life " or

resiliency of natural leather, which acts in a measure as a shock absorber

in walking. In a recent French process * ramie fibers—^very tough

and elastic—arc combined with pyroxylin, with or without the addi-

tion of camphor, and with the addition of a quantity of resinifiable

oil to decrease the porosity, and increase the water-repellent properties.

Artificial Split Leather. In 1878, B. James devised a process 2

for the manufacture of split leather by taking the " skivings " or

" jumpings " of sole leather, grinding them to a very fine powder,

and mixing the powdered material with water. Adhesive matter

was added to toughen the composition, but the finished material lacked

strength, and little appears to have been done in the matter of placing

the product upon the market.

As a result of the experiments of William Walden of New York,

there was granted to him U.S. Patent 656869 under date of August

28, 1900, for the production of an artificial coating very closely resem-

bling split leather. In describing his process, Walden says " this inven-

tion relates to an improved artificial leather or leather substitute espe-

cially adapted as an inner soling material for boots and shoes, and it has

for its object to provide a material which will strongly resemble ' split

'

leather, but at the same time be less expensive to manufacture and

much superior to the ordinary split leather now generally employed

in the manufacture of inner soles, in that it is waterproof. It, there-

fore, is capable of preventing moisture from passing through, and is

provided with an absorbent coating to take up the moisture from the

feet. Furthermore my improved compound is much stronger than

ordinary split sole leather, such as is generally employed in the manu-
facture of inner soles in shoes. The serious objection to split leather

soles is the liability of the latter to curl and break." The modw<

operandi of the process is to take a sutiable base or body sufficiently

flexible and yet strong, as heavy duck or drill or the heavier and more

1. F.P. 376564, 1907. 2. E.P. 2089, 1878.
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cloiH'ly woven grades of burlap, and coat one side only with a pyroxylin

castor oil composition similar to that useil in artificial leather products,

the coating l>eing appliwl verj' heavily, and being of the color of leather.

Such a coating is practically watt'rjjroof. The burlap to be coate<l Is

first dried, and then passc<i through a coating machine where a heavy

composition is dcpositetl on it by means of blunt knife edges. The

coating composition must be sufficiently fiuitl so as to readily i>cnetratc

the fiber of the cloth, and the object of the preliminar}' drying is to

increase the penetration. Just after the moist coating has left the

knife edges, and before it has had an opportunity to drj', the cloth

pa.sses under a sieve which deposits a heavy uniform coat of pow-

deretl leather dust, the mesh of the sieve being preferably 50 or 60.

Immciliately after receiving the leather dust, the cloth passes between

iron rolls to press the leather dust into the moist pyroxylin and then

over drums heatetl to 75-80°, where, after thorough drying, the super-

fluous leather dust is removed by brushing and the finished material

leaves the machine. To give increased rigidity to the leather, the

reverse side may Imj coatetl with a pyroxylin or other composition.

The split leather Is cut into sizes as used. If it is desired to stiffen the

cloth, a coating of starch paste or water glass may be applied to the

reverse side after dn>'ing.

For the manufacture of heavy soles, two pieces of burlap may be

first um'tetl by a pyroxylin cement, and the leather dust coating applied

to one surface. The success of the process consists in the uniformity

with which the dust is depositetl on the freshly coated surface, the

fineness and freetlom from moisture of the same, and the quickness

with which the dust passe.s over rollers after being sprinkled. W. H.

Smith improves the elasticity ^ by adding Chinese wood-oil (Tung oil)

and stearic acid with the cellulose nitrate, l^est results having been

obtained from the following ingredients: tung oil, 5%; acetone, 50%;
nitrocellulo.se, 20^ t J

pigment, 12*^^
5

pulverized leather, 10%. The
compo.sition is be.st prepared by dissolving the nitrocellulose in the

acetone, then add the wood oil, pigment and leather in the order

nametl, and aid solution by a gentle steam heat. The liquid portion

of the formula consi.sting entirely of acetone, would be much more

expensive than necessar>', anfl such a coating composition would

be ver}' prone to turn white and peel off the cloth, unless great pre-

cautions be taken to exclude the normal moisture from the atmosphere.

It is evident that this inventor's product is not an imitation of split

leather, for the pyroxylin admi.xed with the leather will impart a gloss

to the surface of the coating, while with real split leather, nothing

1. U.S.P. 837351, 1906.
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but the frayed and jagged edges of the leather is noticeable. With

Walden's process, the imitation is a very good one, and the material

produced is quite flexible and has excellent lasting quahties. The

leather dust may be replaced by other light fluffy materials such

as ground sponge?, cork, sawdust, hair and hemp. Cotton and woolen

flock has been appli(Kl to cloth in imitation of Canton flannel, combed

wool to imitate mohair and camel's hair, while cocoanut fiber has been

finely shredded and used as doll's hair, and the fur of animals in inex-

pensive toys. Some combination of cellulose nitrate may form the

binding material. "Vellum Cloth " ^ is felted fibers intermixed with

pyroxylin and attached to a backing or drill or duck cotton cloth.

It has been proposed to produce sand and emery paper on the

above principle by sprinkling sand or emerj' powder on a moist pyroxylin

surface, but in point of cost such preparations have up to the present

not been able to successfully compete with the regular articles. Emcrj'

wheels built up of successive layers of similar material have been

manufactured, but they have shown the same increase cost of price.2

Artificial Patent Leather.'' The composition of pyroxylin-

containing mixtures intended for patent leather finishes is given under

patent leather. All attempts to produce a satisfactory' preparation on

cloth have failed, due to the fact that the weave of the cloth will show

through the coating, irrespective of the opacity of the coating material,

and seemingly of the number of coats applied. That is, if a suffici<'nt

numberof coats arc used to obscure the weave of the cloth, the added ma-

terial is so heavy as to be prone to crack, and convers<>ly. The glo.ss may
readily be obtained, also a fair amount of elasticity and strength, but

when a piece of finished cloth is held to the light and closely examined

the individual weaves may be counted, especially if the gooils be placed

under moderate tension. Usually cloth stretches more in one direc-

tion than in another. Sateen is an exception to this, the weave and

weft being woven of the same material and with equal tension. There-

fore sateen has been found most satisfactory as a cloth backing. In

the preparation of this class of gootls, the preliminary' coat, which is

high in linseed oil, after thorough drying is calendered in order to

remove any " pinholes " formed by too rapid evaporation of the .solvent,

and to present as smooth a surface as po.ssible, to cover up the texturt*

of the cloth. The composition is applied with a coating machine in

an entirely analogous manner to the manufcicture of artificial leather,

the final coat being quite fluid and practically flowed on in order to

produce the brilliant gloss required. The lack of success of cloth-

coated patent leather appears to be due primarily to the weakness of

1. E.P. 12553, 1898. 2. See Chap. XIV. 3. See Patent Leather, Chap. XII.
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the backing, the strength of the pyroxylin being unable to entirely

overcome this. The demanil.s of a patent leather for shoes are excernl-

ingly rigid, and have never IxH'n satisfied by cloth-coated preparations.

The earlier attempts were confined to the attachment of lustrous

films to cloth. A linseed pyroxylin coating was spread on smooth

glass plates, the solvent allowed to evaporate spontaneously, the film

detached, and 4he side not in contact with the glass affixed to the

cloth by means of a pyroxylin cement, aided by heavy rollers. The
patenttKi process of F. C. Jeune * consisted of spreading rubber solu-

tion on cloth, drj'ing, vulcanizing and then applying a japan varnish.

That of A. P. Roger 2 required a double fabric with one face woven

with a fine warp and weft and the other face with considerably coarser

material. The two surfaces were connected by fine threads, and suc-

cessive coats of varnish applied until the satisfactory result was

obtained. These processes are now obsolete, the imitation patent

leather being produced at the present time, consisting of cither a pure

linseed oil coat or one high in pyroxylin. Such material is not used

for shoes, except in the " tips " of ladies'cheap shoes, but the use

is confined almost exclusively to carriage and harness goods, dash-

boards, interior bugg>' work, and horse collars and trimmings of

liarness. These uses, which are still limited, are apparently not

increasmg.

Quite recently G. R. de Montlord has devised a process of making

an artificial patent leather^ by combining a soluble pyroxylin with

stilv( nt, vegetable oil, turpentine and color in the usual manner, but

a film is first made of the mixture by allowing the fluid to evaporate

from the surface of a polished glass plate. The fabric is moistened

with a solvent (as acetone or ethyl acetate) and by means of a calender

or similar friction rolls the film is attached to the cloth. In this man-
ner, it is claimed, the appearance of the structure of the underlying

cloth does not appear, and the finished coated cloth has great dura-

l)ility and elasticity. Instead of a glass plate, Ker ^ uses flotation of

the pyroxylin solution on water, but experience has demonstrated that

films prepared in this manner dry opaque, due to moisture absorption,

and this opacity cannot be completely removed subsequently by

moistening the film with solvent,

Carriage-Top Cloth. Under this name there is produced a

pyroxylin coated cloth, which is either high in castor oil to increase

the flexibility, or india rubber in conjunction with pyroxylin forms

the coaliiiLT <()iii[)osition, it having been found that an entirely cel-

\. E.P. 500, 1K')7. 2. E.P. 4«), l.S.-)«».

3. L.S.P. 928235, I'JOU. 4. UJS.P. 848301, 1907.



406 NITROCELLULOSE INDUSTRY

lulose nitrate solution, when dried, does not possess sufficient elasticity

to hold the form of the embossing or prevent cracking when the cloth

is tightly creased, or when exposed to the elements in cold weather,

especially to alternate freezing and thawing. The cracking is espe-

cially conspicuous in those folds which form when the top is turned

back. In order to combine the resiliency of the rubber with the ten-

sile strength of the pyroxylin, it is customary to first apply a pyroxylin

coat, then an intermediate coat of rubber composition in benzine and

amyl acetate, and then follow with the top and last coat of pyroxylin

with but little vegetable oil added. Rubber may be partially or wholly

replaced by the chlorosulphide rubber substitutes,^ resulting in the

production of inferior material as regards strength and lasting qualities,

the decrease in strength being directly proportional to the amount of

replacement of india rubber by the substitute. Those compositions

high in the boiled oils linseed and cottonseed, in conjunction with

pyroxylin, produce very serviceable coatings when applied to heavy

canvas, duck and drill. In the cheaper preparations, various amounts

of rosin have been added in the intermediate coats. This often becomes

evident from the crystallization of the rosin on the outside of the

coated cloth as a fine white efflorescence, which may be removed, as

stated, by wiping the surface with a cloth wetted in benzine.

Imitation Cork. A process has been devised by E. Hermit ^

whereby a composition applicable as a substitute for natural cork

in the manufacture of linoleum may be produced with the aid of col-

lodion. Three parts of natural powdered cork are mixed with one

part of collodion (preferably consisting of 5 parts nitrocellulose, 20

parts alcohol and 75 parts sulphuric ether) the product obtained dried,

and then compressed by hydraulic or other means. After thorough

1. The modem rubber substitutes, known also as factis, surrogate, and by other
names, have l>een the subject of innumerable patents, a large numl)er of which
have as a basis some of the fatty oils, preferably mustard, rape, cottonsetsl. and
com. Of these fatty substitutes, there arc recognized in commerce three varieties,

namely, " white," "brown," and " blown oil," the latter being the most important.
They are insoluble in the usual solvents. The blown oil products are prepan^l
by the action of sulphur chloride (15- 'iO*?^) on the respective ods at low temperatures,
the temperature of the chloride and oil l)eing below 15^ at the commencement of

the operation in order to insure the formation of light-colored products. If the
oil Ih" treatefl with smaller amounts of sulphur chloride (3 6%), liquid or semi-
solid bo<lies result which are soluble in benzine, amyl alcohol and amyl acetate,

and which therefore are applicable as filler coats in the inexpensive artificial leathers

containing pyro.\ylin. Any material is suitable as a filler coat which is at the
same time soluble in a solvent of pyroxylin, and which therefore allows the upper
pyroxylin coats to penetrate the filler coat and thereby anchor. These blown
substitutes are also known as " floating .substitutes," Iwcause they float on water,
although they contain large amounts of barium sulphate and magnesia and have a
<lenHity of about 1.5. The entangled air iii the spongy texture causes the mass to

float.

2. E.P. 6473, 1905.
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mixing by kneailing, the composition is placoil in suitable moMs, in

which it is drie<l by the pai^sagc of a current of warm air. A
sohitiou of pyroxylin in glacial acetic acid is made, and with this

adhesive, the film of pyroxylin-containing cork is made fjist to the

burlap backinir. Various patterns may lie impressed by means of a
jiiintini: juv^^ and aniliiK- (lycstuffs soluble in amyl acetate, wood
alcohol, acetone or any liquid that at the same time is a solvent of

eollotlion, which will allow of the penetiation of the color into the

collodion matrix. The pro<luct may be further cheapened, it is said,'

by substituting for the linseed or other drjing oil usually used in

conjunction with the cork, a mixture of resin, casein and lime melted

together. It is stated that the material so produced is better able

to resist acids, and moreover is not as easily affected by fire.

Some of the disadvantages of corks made from the natural bark

arc tluii poKtsity, whereby they leak, and admit air when used to

stopper bottles containing chemicals affected by the atmosphere,

furthermore they are absorbent, and the many porous holes are quite

apt to drop cork dust into the container in which the cork has been

used as a stopper. At least two proces.ses are now in successful opera-

tion for the preparation of an artificial cork in both of which pyroxylin

enters as the important ingredient. The corks produced from cork

shavings, dust or ground bark with glue, sodium silicate or other botly

miscible with water, have never gone beyond the experimental stage

on account of their ready solubility in water, and the ease with which

they are attacked by chemicals. In the process of H. Coale^ cork

cuttings or waste are retluced to a uniform granular condition, which

is then packed into a vessel having the shape of an inverted truncated

cone, with a base of wire gauze, and a hinge cover at the other end.

This vessel is first immersed in a bath of 50*^^
f sulphuric acid, which

dissolves much of the impurities, w^ashed until neutral, and the hinge

cover then raised, when the particles of good cork will float out on the

surface while the heavy and inferior particles remain in the vessel.

The floating cork is removed, perhaps bleached, dried, and mixed with

a heavy pyroxylin solution in which the solvent is of low boiling point,

as cunimcrcial wood alcohol or acetone. The mass is then molded

and the solvent removed by heat.

Another method ^ depends on the utilization of coik pith, cocoanut

shells or cinchona bark in which ihe alkaloids have been previously

extracted, pyroxylin being the agglutinating material. The pasty

1. J. S. .\inmundisen and E. A. Rasmussen, E.P. 11526, 1900.

2. F.P. 366586. 1906.

3. G. C. de Brialles, F.P. 364641. 1906: E.P. 3013, 1906; Smith. Morriaon and
Sehindler (E.P. 25324, 1902) use cornstalk pith.
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composition is pressed into glass-lined molds, provided with very small

apertures for the escape of the vapors of the nitrocolluloso solvents.

The finished cork may be superficially denitrated l)y the usual reagents

in order to reduce inflammabiUty. The chemicals of Kahlbaum,

Konig, and Marquardt, as exported to the Tnitod States, arc contained

in bottles closed with cork dust stoppers (>( Uiis description. They are

practically non-porous. It is claimed that a final dipping of the cork

into an alkaline solution of tungstic acid and subsequent exposure

to light increases their water-resisting properties.^

In imitation of a woven fabric, cork mixed with an agglutinant as

pyroxylin,^ made into very thin sheets and dried, and then attached

to a linen backing, is sprinkled with a thin layer of flock or wool or cot-

ton. This when applied to the surface of the compound fabric, espe-

cially if a portion of the flock be the floss of silk, is stated to produce

very unique and pleasing results.

In the manufacture of floor cloth, linoleum, corticine, cere-cloth,

lincrusta walton and similar materials, the cost of pyroxylin has pre-

cluded its use.

Imitation Furs. The value of a chinchilla skin dopcnds upon

the altitude in which the animal was captured, the higher the altitude

the greater value of the fur, and conversely. As the altitude increases,

the fur has a soft purplish tint at the cxtreuic ends of the long hairs, so

that when the fur is examined by blowing, the inner portion next to

the skin may be dark gray, while the extreme tips take on a purplish

cast. In the warmer climates the valuable purple tint is replaced by a

yellow hue, which decreases greatly the commercial value, so that a

yellow skin may be one-third the value of one of equal size procured

from the highest altitudes. To simulate the more costly skins, the

yellow fur is bleached with sulphur dioxide or hydrogen dioxide,

and after drying, a solution of Griibler's hexamethyl violet dyestufT,

dissolved 2% in a bronzing liquid, is sprayed on the fur by means

of an atomizer or the tips of the longest hairs are gently touched

with the solution by means of a soft brush. The fur is then brushed

constantly while being dried in a warm room. In this manner it is

possible to apparently double the value of these costly skins, lii \a-

methyl violet imparts a peculiar " bloom " to the skin, much like

the natural appearance.^ An imitation of beaver or nutria fui » is

1. See also "Manufacture of Cork Fabrics." R. CJrimoin-Sanson, E.P. 14383,
1904; The joint solubility of pyroxylin and casein in placial acetic acid is usetl in

the impregnation processes of H. Nelbing (Cheni imi Drmmist. I'tOI, 64, 189)
and n. EnsminKcr, E.P. 3045, 1903; F.P. 326570, r.M)_'; a!.M. .IS.; I , l'.)03, 22, 817.

2. Phillips, liClMjl and CJrimoin-Sanson, E.P. 144:iU, lUUl.
3. F. Cananl, E.P. 2114, 1S76.

4. J. Bicrmann, E.P. 4062, 1896.
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obtained by the treatment of lambskins in the following way: The
skins are placed in a bath of soap and water, pressed out and

brushed with a solution of dye, pyrogallic acid, hydrogen dioxide and

ammonia. After dr>'ing, the skins are combed out with a wire comb
which is frequently dipped in a 4-6 02. pyroxylin solution to give

body and rigidity to the individual hairs, or if a silky gloss is required

they may be ironed and then blown out with an air blast, which

separates each fiber.

Pile fabrics in imitation of the skins of animals, for ladies' \s('ai

carriage rugs, and similar material, are provided with a backing of a

nitrocellulose-containing composition.^ The pile when dyed and

tipped may be made to resemble the hair of various animals. To
prevent injur}' to artificial sealskin fabrics by wet, the yarn employed

in their manufacture is waterproofed before weaving,^ a ver>' thin

—

from 2-3 oz.—solution of a light flow of pyroxylin giving most satis-

factory results. The Lewinsohn method of imparting to common
furs the appearance of more costly ones ^ consists in applying a lacquer

similar to " Zapon "** to the tips of the hair by " dabbing," the long

hairs being thoroughly treated. By this method common furs may
be made to resemble the silver fox and other costly skins by adding

aluminum or bronze to the lacquer used for tipping,* whereby a silvery

or gilt appearance is obtained.

Imitation bearskin is usually prepared from muskrat or raccoon

skin.^ Where small articles are produced, as in the manufacture

of caps and the backings of gloves, the skins are dyed and formed into

a cap or back with the skin so arranged that the hair stands upward,

then treated with linseed oil containing pyroxylin. Without allowing

the composition to harden, the skins are brushed, and trained in the

opposite way to its natural inclination, causing the hairs to fall down
and stand straight out from the cap or glove in imitation of the real

bearskin. Artificial fur tails are produced by placing the hairs of

narrow strips of the furs between the jaws of a clamping device,^ and

removing the skin with a shaving tool, a layer of heavy lacquer being

applie<l to the ends of the roots. After drying, the haire are removed

from the clamped frame, and the hair l>and wound round a cord to

form a tail in the ordinarj' way. Another method, according to th'i

originator, S. Ixjwin, consists in arranging alternate strips of woolly

1. H. Lister, E.P. 122, 1891.

2. 8. C. Lister and J.Reixch, E.P. 7830, 1884.
3. M. S. aiid J. Lewinsohn, E.P. 5674, 1893.

4. E.P. 15967, 1892.

5. J. F. and J. G. Mathias. E.P. 3766, 1875.

6. H. C. Miiller, E. P. 556, 1862.

7. E.P. 28143, 19(M.
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and non-wooly furs without removing the skin; the wooly support

the non-wooly hairs, and at the same time produce artificially the

" under wool."

Artificial Feathers. Imitations of eider down and other small

feathers are possible by applying to a pyroxylin-coated cloth or canvas,

waste cotton or woolen flock, or disintegrated or shredded feathers,

which are caused to adhere more firmly by being passed under roU.ers

immediately after being brought in contact with the pyroxylin layer.*

This material finds use in linings of coats, the inner lining of rubber

boots, and as inexpensive material for padding comfortables and outer

garments. In the preservation of ostrich and other feathers, a thin

pyroxylin solution is usually sprayed over the feather after dyeing

and curling, but great care has to be exercised in incorporating in the

pyroxylin solution the correct amount of castor oil, or the feathers will

straighten out or further curl up when the solution dries. Pyroxylin

covered feathers are practically impervious to moisture and to the

varying conditions of the atmosphere. The life of the feather is greatly

increased, and dirt may be readily removed by careful washing in

lukewarm, water. A pyroxylin-coated feather requires to be first

immersed in wood, alcohol and amyl acetate before re-dyeing. The

weight of pyroxylin deposited must be so small as not to affect the

" droop " of the plumage. Heavier pieces, wings, and entire birds

are immersed, and during the process of drjang, lightly brushed in

order to remove the tendency to glaze and assume a polished appearance.

Differential dyeing of plumage is made possible by first applying a

cellulose nitrate lacquer, drying, and then painting on the various

colors by hand. This process is followed by another coating of lacquer

to waterproof the material, and prevent the spreading of the colors

upon moistening. In this manner, the plumage may be made to resem-

ble that of a more expensive bird. Considerable thought has been

given to this industry, with the production of brilliant and artistic

results. At the present time " willow plumes," which are ordinary

ostrich feathers, of which the individual " barbs " are made several

times longer than they grow in nature by deftly knotting on other

barbs by hand, are ver}'^ fashionable. In this manner it is possible

to produce a plume with a droop of at least two feet. Whereas for-

merly the barbs were attached to each other by hand tying, now they

are fastened together by means of a tiny drop of a pyroxylin solution.

In this manner knotting is obviated and a more natural appearance

of the feather results. The fragile nature of the tied barbs and their

1. R. Wolffcnstein, E.P. 11712, 1903.
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proneness to drop off has l>een Icsijcnetl by this nitrocellulose cement-

ing in place of hand knotting.

An ingenious use for small pieces of various feathers, down, and

feather clippings has been devised. These are made into an imita-

tion of eider down which is used quite extensively as lining for ladies'

cloaks. The feathers are first run through a cutting machine where

they are,xc<l«ecd to small pieces of uniform size. Heavy sateen or

moleskin cloth is tightly stretched on a frame, and a comj)osition

similar to the following brushed thickly over the surface of the cloth

with a flat brush. Amyl acetate 45 (parts by weight), amyl alcohol

10, commercial 98^'cr wood alcohol 15, and benzine 30, in which is

di.ssolved 8 parts pyroxylin and 6 parts castor oil. Often the mixture

is made more nearly like the color of the feathers by the use of a small

amount of white pigment, which is groimd in the lacquer. The cloth

is heavily coated with the pyroxylin, when the small pieces of feathers

and down are lightly strewn over the surface, and the cloth imme-
diately pasvsed through rollers, which firmly fixes the feathers. After

drj'ing, they are lightly brushed up with a soft brush. An additional

advantage of this material is that the pyroxylin has^made it water-

proof, and it is also said to make a very warm, and at the same time

tiurable lining material.

India-Rubber Substitutes. Of the many products which have

been evolved as substitutes for india-rubber and gutta percha, none

of which have as yet been entirely satisfactory', the preparation of

A \()l>eP is of considerable interest theoretically, from the great

.strength of the film produced. The product, which resembles trans-

parent celluloid in appearance, consists of a nitrated cellulose, oxycel-

lulcso, or hydrocellulose, combined with a non-volatile or only slightly

volatile solvent, such as nitronaphthalene, dinitrobenzol, nitrocymene,

nitrotoluol, nitroxylol or nitrocumol, either alone or together. The
cellulose nitrate is masticated with the solid solvent by means of heat,

usually assisted by pressure, and the semisolid but plastic mass rolled

into any desired form. Claessen- gelatinizes collodion cotton with

tetrasubstituted ureas or sulphoureas,- whereby a small degree of

pliability is attained. Mixtures of rubber in alternate layers with

cork dust agglutinated with a heavy pyroxylin solution have been use 1

to form solid tires, as well as the heels and soles of shoes.^ They are

said to wear longer than rubber soles, are equally as water repellant,

and the injurious effect of rubber on the feet is partially avoided.

B. B. Goldsmith ^ has claimed a composition as a substitute for rubber,

1. E.P. 202^, 1893. 3. K. LenKfellncr. F.P. 396814, 1907.

2. E.P. 21493, 1906 ; F.P. 388492, 1908. 4. UiJ.P. 841509, 1907.
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consisting of a mixture of pyroxylin with a vulcanized non-tUying oil

(maize oil) or drying oil or both.

Velvril, first patented by Reid and Earle in 1895 * and more com-

pletely described by the former in 1899,^ consists essentially of nitro

compounds prepared from linolcin or ricinolein by subjecting such oils

as linseed and castor to the usual processes of nitration with nitric

or nitro-sulphuric acids, or to the action of a current of nitrous oxide

gas. The semisolid product formed is purified by mixing at 95° with

chalk until neutral, and then allowing the solid matter to subside.

The nitro compounds thus purified, when mixed with varj'ing propor-

tions of nitrocellulose, yield substances similar to ebonite or vulcanite,

and a soft elastic substance similar to that used for inking-roUers.

When dissolved in the usual lacquer solvents the solutions produced

are said to be suitable for artificial leather coatings. Three years

later E. Kingscotc^ obtained protection for a process of combining

nitrated castor oil with chrome-tanned felt. In 1903 Reid ^ published

his process of applying velvril to the production of artificial leather,

and later in the same year the Velvril Company and Howkins*

described their special coating machine for accomplishing this to the

best advantage. It is recommended to preferably mix " 3 parts

nitrocellulose with 2 parts nitroricinolein, and dissolved in 12 parts

of acetone. The flexibility of the material is increased by adding

from 2-5% of castor oil." Fibrous material such as felt or wool is

impregnated with this mixture and dried, when it may be waterproofed

by a further impregnation wjth a compound of paraffin wax and a

mineral oil, 0.93 sp.gr., combined with quicklime, the whole heated

to 300° F. To produce a hard material the fibrous substance is treated

with an aqueous solution of a chromate or bichromate which is sub-

sequently decomposed by a reducing agent as sulphurous acid. The
nitro compounds of castor and linseed oils contain from 4-5% nitrogen,

that from castor oil being preferable. Velvril is said to be no more

inflammable than india-rubber, insoluble in benzene and carbon

bisulphitle, and to soften at the temperature of boiling water so as to

admit of ready molding.

Oxolin is a patented preparation of oxidized linseed oil, intended,

among other uses, for the manufacture of artificial leathers in con-

junction with pyroxylin. In elasticity and strength it is much inferior,

1. W F. Reid and E. J. V. Earle, E.P. 21995, 1895; D.R.P. 96365, 1896.
2. J.S.C.I., 1899, 18, 972.
3. E.I'. 10432, 1898. See A. Hill, E.P. 8076, 1901; C. Hellriegel, E.P. 22186,

1890.

4. E.P. 3485, 1903.

5. E.P. 27202, 1903; for preparation of "linoleum Apyrofore " (incombustil)lc
linoleum) nee Fl\ 382279, 1907.
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and the luster superior to intlia-rul)her, although posscsHing more
strength than the chlorosulphide oils (rubln-r substitutes). The
" perchoid " of H. Hart • is saitl to he the same as oxolin.

Pyroxylin Waterproofing Compositions. The first attempt

to apply the cellulose nitrates for purposes of waterproofing, and whicn

met with any considerable practical succt^ss, apjji'ars to l)e tlu^ com-
pasitions of Parkes^ who used methyl alcohol and a collo<lion of

light viscosity, to which petroh'um naphtha was a«lded to clecrease the

cast. Herard impregnated felt with collodion;'* Holla.son^ produced

his waterproof tissue* by the addition of Canada balsam to the pyrox-

ylin. Other materials u.sed in conjunction with collodion were

kauri,*^ isinghuss,^ dried seaweed,** linseed oil,^ bituminous matter,'''

metallic soaps," gutta percha,'^^ and glue. The exjwriments of John
Macintosh '^ led to the covering of cloth with pyroxylin, and when
nuule into rain coats with rubber, was called " macinto.sh material."

His process consisted in saturating fleeces or batts of cotton with col-

lodion, usually colored with pigments, the fleece being pa.ssed through

the collodion bath and then between rollers and dried. Sub-seijuently

india-rubl)er was combined with the pyroxylin, and linseed and other

(lr\ing oiLs added. The Jones method of water|jroofing, applied

extensively to shot-gun cartridges, paper shells and cartridge cases,

consists in dipping the heavily rolled paper in a solution of p3'roxylin

containing 30' ^ camauba or IxKJswax, after which the paper passes

over friction rolls to impart a gloss.'"* Barnwell attained considerable

success with his composition containing shellac,'* but the tensile strength

decreased with an increase of water-repellant properties. These

earlier efforts failed to meet with permanent success, with the possible

exception of the compounds of Macintosh, due to the fact that attempts

were made to apply the compositions to u.scs unfitted for this class of

preparations. This was especially noticeable in the artificial sole an.d

split leathers, the uppers of l)oots and the unsuccessful attempts to

produce heavy belting. The primary defect appeared to be the loss

of elasticity and hence deficiency in lasting qualities, where sufficient

of the material was applied to make the waterproofing thorough and

permanent. The Kamptulicon of Hen.son,'*^ a fabric coated with a

1. E.P. 2868, 2869, 1808. 2. E.P. 2359, 1855; 1125, 1856.
3. E.P. 639, 1858; con.sisting of " azotic cotton " 17.5, ether 42.5, castor oil

35.5, coloring matter 4.5 (parts by weight).
4. E.P. 1883, 1857. 5. E.P. 2849, 1858; 945, 1859.
«i. E.P. 734, 1859. 7. E.P. 2293. 1859.
8. Rhodes and Syme, E.P. 2384, 1860. 9. E.P. 2249, 1860.

U). E.P. 1313. 184).i. 11. E.P. 1765. 188:^
12. E.P. 3447, 1872. 13. E.P. 2789, 18.59.

14. E.P. 2.542. 1S*>5. Di.scbimer filed Nov. 11, 1871. See also Pegamdd.
15. E.P. 2249, 1869. 16. E.P. 232, 1863.
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collodion-containing material, and confined to the manufacture of

horsehair seatings and netted fabrics, had an extensive sale in England

in the early seventies of the past century. The product known as

Gloria, and Glorid, are waterproofed products upon the Kamptulicon

patents of Henson noted above. Oblasser and Therj-^c ^ extended

the range of usefulness by introducing cork, whereby materials similar

to linoleum resulted, or asbestos with the idea of partially fireproofing

the finished article. The Textiloid of Cadoret ^ was a plastic incom-

bustible material, obtained by the combination of collodion with

" resinolines."^ Townsend Goods* consisted of glazed and unglazed

calicoes, linens, shirtings, jaconets and other fabrics, rendered semi-

transpar.cnt and waterproof by saturation with collodion containing

hyflrocarbon oils to the point of precipitation of the cellulose nitrate. If

the oil was in excess, adhesives as surgical plasters resulted. Combined

with metallic soaps, medicinal preparations as lead plaster are formed,

in whi/'h various ointments, metallic stearates and oleates, antiseptics

and curatives may be incorporated. Schwamm ^ produced a resilient

moisture-proof lining for garments, by coating a perforated woven

fabric with collodion, the fabric having previously been made from

yarn similarly coated. The application of the coating to the knitte<l

goods partially softens and dissolves the material originally deposited

on the yarn and makes the waterproofing very complete. Clark's

process,^* not intcndjL'd for flexible goods, owes its efficiency to the

combining of pyroxylin with a fusel oil solutipn of the soft amber

resins. Williams ^ prefers to first apply an ammoniacal copper oxide

solution, dry, dissolve out the copper with weak acid, and then treat

with pyroxylin. By this means, the inventor claims, the pores of the

cloth are closed by the cellulose-dissolving properties of the ammoni-

acal copper solution. Such prepared goods are of a light green color,

due to the diflficulty of removing the last traces of the copper, the

acid being used sufficiently dilute so as not to attack the fabric. \'an

Winkle and Todd** advocate thecombinationof isinglass with pyroxylin,

acetic acid being used as the combined solvent, but experience htvs

demonstrated that unless the former be rendered insoluble by the

subsequent application of formaldehyde or by introducing a bichromate

with the isinglass, the finished material is deficient in waterproofing

1. E.P. 19242, 1892.

2. E.P. 12451, 185)6. See Cie. V,6n. de Chromolithie, E.P. 4<)(), 1883.
3. liesinoliiie is u name applied l)y the inventor to the proiluct.s resulting from

the 8a(H)nificati(>n of vegetable oils by metallic carbonates, and afterwards treat«l
with nitric acid and neutralized.

4. E.P. 2249. 1800; 2972, 1871. 6. E.P. 4631. 1898.
0. E.P. 5152, 1887. 7. E.P. 5344, 123()!), 1889.
8. E.P. 2()()9(), mw.
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qualities. Fiihrig's preparation • is intended especially for acid

and waterproof containers, batter}' cells and electric an<l other con-

duits. The pyroxylin is treatetl with sodium carlwnatc or silicate

after pulping and while still wet, bora.x, Ko<lium acetate, and ammonium
phosphate are a<lded. The pulp is then run on a pai>er Iward machine,

where the insulating portion (mica, talc, magnetite, ozokerite, etc.)

is sifted ofU- ^Finally the material is pressed into sheets and castor

oil added if flexibility is required. In the waterproofing of wood,

coal-tar hydrocarbons and cresols are at present used entirely, on

account of their low cost.^ Imitation cedar wood in the shape of

chests is to be found on the market. They consist of any inexpensive

soft woo<l, dyed the color of cedar by means of Bismarck brown or

similar dyestuffs, and brushed with a pyroxylin solution containing

15-30^t oil of cedar. The dried pyroxylin film retains sufficient

of the cedar oil, it is claimed, to impart for many years the odor of

cedar to the receptacle. For boxes and compartments intendetl to

be moth and in.sect proof, the inside is brushed with a pyroxylin solu-

tion containing ^^-naphthol, mercuric chloritle or other insecticide.

In the treatment of stockinette and like porou.*? and elastic fabrics,

Oliver ^ first applies to the surface a transfer paper coated with pyroxylin,

the paper being afterward washed away. A second layer of fabric

is then applied, pressure exerted, and a material obtained consisting

of a waterproof film faced with fabric on both sides. Another method "*

depends for the impermeable coating upon a combination of pyro.xylin

with wax and magnesium chloride. Oliver ^ impregnates the individual

threads with celluloid before spinning, whereas La Grange ® obtains

l)ost results from pontianac gum in addition to the cellulose nitrate,

with ~ or without the addition of talc.® A French process, the result

of the investigations of Bonnaud and others,® Is based upon the fact

that boiling castor oil is an excellent solvent for the softer grades of

copal, and that such a mixture is readily miscible with the usual

cellulose nitrate solvents, thus allowing of mixtures of the oil and pyrox-

ylin in a variety of combinations to be made. Bonnaud obtained

1. E.P 1S97. 1890; 3892, 1891.
2. W. P. Thompson, E.P. 11182, 1896; S. Bennett, E.P. 12693, 1896.
3. E.P. lOlOo. 1896.

4. BiLssy. Phillipe, and Bussy, E.P. 27534, 1897.
5. E.P. 6;«. 1S97.

6. E.P. 163.32, 1900. Cf . G , Gawlich, E.P. 16199, 1909; abst. Ji^.C.I., 1909,
28, 420.

7. E.P. 536, 1901. See I. Kitaee, Uii.P. 651364, HKX).
8. E.P. 17883, 1899.
9. E.P. 806;}, 1901. Resins of the copal class are .suital>lc for stiff dressings,

while metallic oleates, palmitates and stearates are more appropriate- for supple
dreadngs.
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best results by dissolving 1 lb. each of nitrocellulose and camphor

in 1 gal. methylated spirit, and adding to it 15% of a mixture of 6

parts copal in ISO parts of the oil. It has been used mainly for the

impregnation of paper in the manufacture of confectionery and sim-

ilar boxes, and the waterproofing of card- and straw-board. Sep-

arators for use in secondarj^ and galvanic batteries ^ are made of

nitrated cardboard, and after neutralization coated with a silicate

paint, or gelatine after-hardened with formaldehyde.^ A combined

waterproofing and preserving composition may, according to the proc-

ess of Bittner and Villedieu,-^ be prepared by combining any. desirable

composition with certain aromatic nitro compounds, preferably

mononitronaphthalin and dinitrotoluene. Reichelf* impregnates belt-

ing or rope with " Kautsehutkin " ^ in combination with pyroxylin

and pigments by means of heavy pressure, and after thorough per-

meation, diying the waterproofed compound by gentle heat. The

wateiproofing process of H. Miiller ^ consists in partially mercerizing

an unstretdu^d knitted or woven fabric rendered pliable by treatment

with softening agents, and then uniting with their " wrong " or obverse

sides together, by means of a pyroxylin solution, which gives to the

product somewhat the appearance and feel of leather. Raincoats

prepared according to the Blum method "^ comprise light sateens

dipped into an amyl acetate solution of pyroxylin, the cloth centri-

fuged to remove solvent, and the pattern then printed on th(> cloth

while in the moist state.

The heat-resisting packing of Oliver, used extensively in steam fit-

ting, was a woven asbestos fabric, impregnated with a heavy pyroxylin

solution, and then compressed hydraulically.^ The " Marsden (loods " ^

consisted of a nitrocellulose solution containing raw com oil and lanolin,

deposited on heavy drill and duck cotton cloth, and afterwards cal-

endered or otherwise rolled to increase resistance to moisture. Sattenole

and Satino Morocco are trade names applied to artificial leathers used

1. E.P. 8280, 1001. For the L. Lilienfeld pyroxylin water-proofing prooe.ss, see

Jour. Soc. Dyers and Col., litOH, 24. 86; E.P. 5!)2, 1907. To protluce that par-
ticular fini-sh on textiles known as "silk finish," 100 parts of nitrocellulose is <li8-

solved with 50-150 parts normal ethyl phthalate, in a suitable solvent mixture
and applied to cloth in the usual manner. E. Kemn.shall (U.S. P. 964524, 1910)
forms a composite sheet or fabric, by eml)edding a sheet of woven cloth by hejit

and prcs.sure l)etween sheets of celluloid, while the latter is in a solid but only
partially cured condition.

2. E.P. 18599, 1903.

3. E.P. 7975, 1897; 166.32, 1903.
4. E.P. 14122, 1902. See Social Weiluc et Cic, K.T. 26160, 1908.
6. A preparation obtained by the treatment of resin oil with sulphuric acivl.

the sulwtance obtained after purification and precipitation Iwing mixed with coka
oil and (graphite.

G. E.P. 26593, 1908. 7. P.P. 392870, 1907.
8. E.P. 10104, 1896. 9. E.P. 17602, 1897.
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for waterproofing purpasos, being thin sateen or simiiar other cotton

cloth, upon which has Ix'cn deposit<"(l a pyroxylin solution high in

castor oil, and usually containing powdered aluminum or other metallic

bronze. The compounds of Ik>nnaud • were practically heavy pyroxylin-

resin lacquers, the resin being usually copal. The mixture was applied

hot in order to insure thorough permeation of the fibers of the cloth.

Ramie, jute aud other vegetable fibers were used to produce the heavy

and cheaper grades of cloth. The electric wire insulating compound
of Castle 2 is a cellulose of low nitration dissolved in acetone, and thick-

cnetl with locust bean flour. To prepare gloves or other articles of

dress for protecting the wearer against injury from X-rays, Saunclers

and Craske^ first soak the fabric in a solution of lead nitrate, or use

a saturatetl solution of lead acetate in ethyl alcohol as a component

of the cellulo.se nitrate mixture, which is then applied to the cloth

in the usual manner. Similarly prepared fabrics have been used as a

protection against the emanations of radium. Where waterproof

materials are not soft enough, even with the addition of the maximum
amount of castor oil, 40% or 50% of the methyl or ethyl ester of sebacic

acid may be added to the nitrocellulose solution.^ But the present

market price of methyl or ethyl sebacate, unless in a very impure

form, would appear to preclude its use to any extended degree for this

purpose. The waterproofing solutions in general are applie<l in a

nmnner similar to the described proces.ses for the manufacture of pyrox-

ylin-containing leather. In the preparation of dress shields intended

for insertion in the armpits to retard outward appearance of perspira-

tion, a thin, finely woven muslin Ls usually taken for the background,

and to give extreme flexibility, an equal weight of castor oil is added

to the cellulo.se nitrate before application. After coating, the goods

are usually passed through a calender with friction rolls to give the

coate<I fabric a smooth appearance and high gloss.

Stevens ^ has dra\^-n attention to the fact that those waterproofing

compositions containing castor and non-<lr>'ing oils—and they form

the major portion of the preparations now in u.se—have a tendency

to turn rancid upon standing, and this rancidity imparts to the

fabric an objectionable odor and in time affects its strength. He has

sought to improve such fabrics by the introduction of new ele-

ments into their combinations, whereby tendency to turn rancid

LS diminished. Carbolates and sulphocarbolates as alkali salts,** zinc

chloride, bromide, iodode, and chlorate, mercuric chloride," and .sodium

1. VS.?. 697790. 1902; E. P. 8063, 190L 2. E.P. 2107. 19(M.

3. E.P. 273.57, 1904. 4. G. Z. Suppl.. 1907 (July 19), 91.

5. UuS.P. f»12(KH). 615319,621382, 622727. 6. U.S.P. 612553, 1898.

7. U.S.P. 012006, 1898.
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Fig. 119. -Waterproof Cloth According
to A. Kennedy.

benzoate and salicylate, ^-naphthol ' and naphthalin 2 are among
those chemicals stated to produce satisfactory results. The method of

use is to dissolve the deodorizer or antiseptic in amyl acetate or alcohol

and combine with the formula in the usual manner. Stevens submits

as a satisfactory formula, pyroxylin 100, castor oil 150, camphor 150,

zinc chloride 3, and wood spirit sufficient to thin the mixture so it

will spread. Sulphocarbolate of soda is stated to be especially bene-

ficial in this respect, used in quantities of 4% of the weight of the

pyroxylin employed. Where transpaiTency is of no importance,^

potassium, sodium or lithium sali-

cylates are advised, and zinc

benzoate, salicylate or sodium

/8-naphtholate where color is of no

moment. The method of A. Ken-
nedy * consists in entwining or

interlacing regular or ordinary

threads along with extra strands

or fibei"s of nitrocellulose (Fig.

119), thus forming a textured

article, which when subjected to

the action of a solvent of the

nitrocellulose, causes the dissolved pyroxylin to impregnate the regular

fibers, thus producing the waterproof effect.

Enameled Paper. Wall Coverings. In order to produce in wall

papers the appearance of silk, satin or horsehair fabrics, ordinary

h(;avy paper is coated with a nitrocellulose solution in a manner sim-

ilar to the coating of cloth for artificial leather, a small amount of

castor or raw linseed oil being added.^ When dry the coated paper

is passed through an embossing machine the rollers of which run at

equal or unequal speeds according to the effect required. It may also,

before being embossed, be passed through a friction or glazing calender.

If the embossing press is engraved with very fine flutes, a silky gloss

or effect is made possible on the covered surface.^

" Fab-Ri-Ko-Na " is the trademark name for a line of woven wall

coverings, which includes dyed and imdyed burlaps, canvas, crash

and other cotton goods. The dyed burlaps arc in plain, solid colors,

or printed in various designs. The undyed burlaps are given special

fillings and surface treatment, and are intended to receive oil or dis-

temper paint after they are hung. Some of the cotton fabrics are for

1. U.S.P. 622727, 1899. 2. U.S.P. 615319, 1898.
3. U.S.P. 621382, 1899. 4. U.S.P. 590842, 1895.
6. W. V. Wilson, E.P. 6051, 1884; 491, 4668, 1885.

0. W. L. Wise, E.P. 18:174, 1900.
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painting on, where others are for lining walls where a lining is neotled

lus a founilation for other wall coveringH. All the gmxis are given

a backing which is maUe to receive onlinarj' flour piwte, and they are

hung similar to wall paper. Containing no pyroxylin, these productn

are, therefore uninflammable, and have both the face and back impreg-

nate<l with a non-p<jLsonou.s, otlorless, antiseptic substan<'e. "(\)tt-A-

Lap" and " Tex-Ta-Dor-Xo " are similar.

.Muminum, gilt and the various colored bronzes are <'f^HM'ially

applicable as materials for the coating of paper, principally diM' to the

fact that a thin layer can be applied to the paper and still have the

finishetl preparation entirely opaque. If the pap<»r backing hjts the

refjuLsite strength, the finished material may be emlKjssetl in rais«'d

work by means of a plate embosser and artificial heat. Usually but

one coating is given the paper, the bronze being incorporated in the

coating comjXisition Ix'fort^ spreading. It is a peculiar fact that

aluminum in combination with cellulose nitrate—the latter being in

.solution—Ls verj' prone to gelatinize upon standing, so that pap<'r

cloth intended to be coatetl with aluminum nmst have the composi-

tion applied soon after made, or the material solidifies, after which

no combination of solvents will rende'r the material sufficiently .soluble

to admit of again spreading with uniformity.' Another method

resorted to less frequently is to cover the paper with a transparent

pyroxylin coating, after which aluminum or other metallic powder is

sifted on the wet surface and before the latter has had time to harden.

After passing under rolls to imbed the metal in the coating composi-

tion, the paj^er passes over steam-heated drums until dn,-, when the

superfluous powder is removed mechanically. Snow and other brilliant

effects are produced by substituting for, or using with the colored

bronzes, powdered mica, quartz, garnet, and ground crown and prism

glass, the scintillation of the latter making more conspicuous the metal

and bronze portion.^ ^

Enameled paper in which the waterproofing portion is pyroxylin

or celluloid has been in active demand for many years as coverings

for confectioner^' boxes and similar uses, and the paper is impregnated

or enameled with the cellulose nitrate usually in one of the three fol-

lowing ways:

1. H. Heil and E. van den Kerkhoff (D.R.P. 217852, 1908) claim that these

difficulties can be obviated by using cellulose nitrate soluble in alcohol, and dis-

solved in absolute alcohol or alcohol of high concentration.

2. For descriptions of nuichinery and processes for pyroxylin coating of paper
see S. F. Pichler, E.P. 9261, 1894; F. E. Ullstein, E.P. 5657, 1885; E. Bush, E.P.
9624, 1895; 22674, 1898.

3. For description of other methods of coating paper see T. Fritsch, E.P. 6590,
1906; Vellumoid Paper Company, U.S.P. 740006, 1903; E.P. 19541, 1903; abst.

J.S.C.I., 1903, 22, 1145.
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Whore colluloitl is used in the solid form, it is preferably first ground

in water to the desired fineness for the particular paper to be made,

hut not dissolved. The wet celluloid and moist paper pulp are then

thoroughly mixed until either component is indistinguishable to the

naked eye. After the combined pulp-celluloid paper has been formed

into rolls in the usual manner, and has passed through the last of

the heated rollers used for the removal of the water, the* paper may
either be passed through a calender roll heated to 145-160° with

great pressure in order to soften the celluloid and amalgamate it with

the paper substance, or the paper may be put through a vapor bath

of alcohol spray, the object of the latter process being to sufficiently

dissolve the supt^rficial celluloid to produce the waterproofing and

enameled effect. In order to economize on alcohol solvent used, the

two steps may be combined, and heated rollers used at first, this being

followed by the alcoholic vapor or spray to integrate what material

has not been affected by the heated calender rollers. By this method *

the paper is waterproofed and enameled as well. The proportion of

celluloid to paper will depend upon the uses to which the finished jiaper

is to be put.

In the method of J. Edson ^ sheets of paper and celluloid are rolled

together between compression devices, being subjected to a spray of

solvent just before they are pressed together. In ortler to produce

enameled paper or fabrics of two or more colors, M. Bogert-^ first

sulimerges the paper or fabric in a pyroxylin solution of convenient

concentration as regards the nitrocellulose, and after the paper or

fabric has been subjected to slight pressure to remove the majority

of solvent, small pieces of celluloid in stars or other shapes are placed

over the soft surface, the latter being then subjected to heavy roll or

press pressure in order to imbed the colored pieces in the yieltling cel-

luloid substance. After the solvent has entirely evaporated the goods

are passed through friction rolls to increase the polished appearance.

Care must be exercised that the solvent be nearly all removed before

the colored designs are attached or the color in the latter may suf-

ficiently dissolve out to impart a blurred appearance due to the indis-

tinctness of the partially dissolved patterns. Such materials are

admirably adapted to be used in the manufacture of pencil cases, card

cases, jewelry, watch and toilet cases, book anil album covers, and

similar uses.

In the P. Reid and J. Eastwood method of topical printing"* the

distinctive novelty of the invention consists in the employment of a

1. Process of W. Carpenter, U.S.P. 2.')141(). Issi; 253840, 1SS2.

2. U.S.P. 200553, 18S3. 3. U.S.P. 27().-i;{S. 1SS3. 4. U.S.P. 2r)<}597, 1SS2.



IMITATION LEATHER AND FUR. TEXTILE WATERPROOFING 421

pyroxylin solution for the purpose of "setting" or " fixing" the design,

the impression being deliveretl by means of pressure or by bringing a

surface having a "color" applied to it in din^ct contact with another

surface upon which the impression is intended to be made. Pre-

vious to this invention it had been necessarj' to apply heat or other

treatment after the printing operation, in order to fix or set the color

upon the surfare which had received the impression. The employment

of a pyroxylin solution as the binding material to secure the mechanical

attachment of pigments to surfaces upon which impressions have been

iiiailt enabled any subsequent treatment to be dispensetl with after

the mixture had been applied to the surface by printing. The pattern

was placed on an <*nameled or waterproofed paper or textile by a method

(juitc similar to direct printihg, except the ink was replaced by a

colored pyro.xylin solution.* Rollers, t}'pes, blocks or other agents arc

suitable for delivering the impression, the pyro.xylin composition, in

general, consisting of pigments or dyestufTs ground or dissolved in a

slowly evaporating cellulose nitrate composition, e.g., one high in

fu.<el oil and amyl acetate. The veneer cloth ^ and enamel cloth ^

of J. Stevens and W. Wood is based on the same principle as above.

Printing on Fabrics with Pyroxylin. The Lilienfeld method

of producing impressions fa^t to water* i^i to combine pyroxyUn with

organic esters of high boiling-point—ethyl phthalate being specified

—

and apply this to the cloth in any suitable manner. Instead of evaporat-

ing the solvent from the cloth after pa.ssing under the coating knives

the coated fabric is passed between two rollers, one or both of them

Ix'ing engraved with lines. These rolls are heated nearly to the lx>iling

temjx.'rature of the solvent used, so that after having pa.ssed through

the rollers the fabric will assume a stiff form before the embossing

disappears. The major portion of the solvent is vaporized at the moment
of contact with the engraved roUs and the surface of the cloth assumes

the form corresponding to that of the surface of the roller, thus pro-

ducing a sheen and shimmer to the finished fabric, especially when

viewed at an obtuse angle to the source of light.

imitation Textiles. In order to imitate damask for table-

cloths, napkins and fine linen, according to the process of E. Heu.s<'h,-'

the textile material is coveretl with a nitrocellulose solution contain-

ing a small amount of castor oil to impart the desiretl flexibility, after

which the coated cloth is embossed by engraved rollers in such a man-

ner as to produce the appearance of damask on the surface. Artificial

brocade may be prepared by the method of F. P. Werner ^ by moistcn-

1. See J. E. Bramlenberger, F.P. 40.34.30. inOS; E.P. 24811, 1908.

2. L\8.P. •Z'.iUfJS. iHSi. 3. U-S.P. .S21>0'.W. 1885. 4. E.P. 5ir2. 1907.

3. E.P. 22391, 1899. 6. E.P. -22262, 1891; aee R. Kron, E.P. 13112, 1902
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ing a woven fabric with gelatin and pyroxylin both dissolved in glacial

acetic acid. It is then coated with a paste containing pigment and

oellulose nitrate in solution, together with Venice turpentine, the

whole being painted on with a brush. When dry, the final coat is

applied by brushing over the surface an amyl acetate lacquer containing

a small amount of boiled linseed oil. Subsequently the fabric is cov-

ered with leaf metal, either real or imitation, followed by an alcoholic

shellac solution to aid in the adhesion. This surface can be embroid-

ered, painted or printed on for producing upholstery and other

coverings.

A process for the formation of artificial velvet devised by F. Kuhl-

mann * has rc('cntly been placed on a manufacturing scale in England,

and consist-s of applying wool dust or cotton dust to a paper or cloth

surface by means of a pyroxylin cement, or to a cotton or linen fabric

to imitate woolen. The wool or cotton may be dyed before or after

application. Similarly, imitation of Bru.ssels and other carpets has

been attempted by adding cotton^and woolen dust or flock to a backing

of burlap or other heavy material, the adhesive being a composition

similar to that used in artificial pyroxylin leather. The woolen or

cotton is sifted on the surface freshly covered with pyroxylin, then

1 assed between rollei-s to imbed the material in the adhesive compo.si-

tion, when after drying the coated cloth passes through heavy brushes

which raise the "nap" of the carpet. A silky appearance may be

given to closely woven shirting or other cheap fabric of cotton ov

linen according to the claims of Thompson,^ by means of metallic

powder in an extremely divided condition applied warm with " zapon

lacquer." The success of the product depends upon applying but a

minute portion of the metal—just sufficient to give to the goods that

silvery appearance si:r,ilar to mercerized cotton. In metallizing yarns

or hosiery made of textile fibers,^ a mobile solution of cellulo.se nitrate

in ether-alcohol has been advocated. The metallic powder is suspended

in the licjuid, and the yarn dipped in the solution. After thorough

drying the process is completed by an immersion in a pyroxylin solu-

tion to which no metal has been atlded. Wateretl effects are po-Ksihle

by slightly dampening the fabric by means of a spray of a 4-5 oz.

cellulose nitrate solution in a readily volatilizable solvent as methyl

alcohol or acetone, and then passing between heated rollers, one or

both of them being engraved with lines. The solvent being vaporized

at the moment of contact with the heated rollers, the surface of the

1. E.P. 320, 1855.

2. E.P. 13485, 1904; for process of obtaining iridescent textiles see Joly, F.l».

360041, 1904.

3. A. Forster, E.P. 24289, 1903.
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cloth will permanently assume the form of the roller. The insolubility

of the sprayed lacquer in water produces effects not altered by exposure

of the fabric to dampness. For moreens, in which the rib of the cloth

runs in the direction of the warp,* the lines on the roller arc cut circiim-

ferentially; whereas for moirettes and poplins, in which the rib runs

weft-wise, the lines are engraved parallel to the axis. For watered

designs, the li»«j, instead of being continuous, contain the design

engraved in relief on the roller, and the face of the design is then

engraved with lines at such a distance from each other as harmonizes

best with the rib of the fabric.

According to F. P. Werner 2 a substitute for or imitation of brocade,

free from the liability of the metal to chip or rub off, may be pro-

duced as follows: The fabric is stretchetl smooth on a frame, moistened

with gelatin, and dried. The surface is then brushed over with " leather

collodion," and again cofated after dr}'ing with " French mixtion

"

or gold ground in oil, which is sprinkled over the surface very lightly.

Any suitable pattern may then Ix' stamped on the surface. M. Ratignier

and H. Pervilhac •* make artificial lace fabric by discharging collodion

upon a roller, the face of which is engravetl with grooves of lace pattern,

the surplus material being removed, and that retained in the grooves

hardened by chemical treatment or evaporation before removal from

the roller.

According to J. and B. Galay * paper, glass, or other materials may
be coated with a mixture of collodion and powdered metal by applying

the fluid mixture to the surface of the material in a closetl chamber
or discharging it from a closed vessel through a slot. The coated

material is then passed through a trough, in which a stream of water

flows in an opposite direction to the travel of the coated material.

The water absorbs the solvent of the collodion and fixes the film, the

the solvent being recovered by distillation. The thickness of the film

may be varied at will, either by rolling it under water whilst the

collodion is still plastic, or else by conducting the material from the

coating vessel to the water trough at a suitable angle of inclination,

so that the excess of the coating mixture flows back to the vessel.

Artificial Leather Cements. To unite .sheets of coattnl cloth in

the formation of larger pieces, to mend leather and cloth belts not

subjected to high tension, and to repair pyroxylin-containing articles,

various adhesives have been' suggested. The most successful have

1. J. and S. H. Sharp, E.P. 21590, 22056. 1006; 7.382, 7749, 1907.
2. E.P. '22262, 1891; in the haircloth fabric of G. Goldman (VJS.P. 840&11,

HK)7) zinc resinate is the adhesive.
3. U.S.P. 934214, 1909.

4. E.P. 19772, 1909.
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consisted of a pyroxylin solution (12-16 oz.) containing 3-4 oz. camphor,

and low in solvent power. The latter property is necessary in order

that the cement will not deeply penetrate the coated material, and

render it soft and slow in drj-ing. In order that this class of adhe-

sives shall act quickly, the solvents are all low boiling (acetone and

wood alcohol), and as little as possible of the pyroxylin solution is used,

heavy pressure after application being beneficial. The preparations

of S. Barnwell and A. Rollason,! T. F. Gillot,2 and J. H. DrinkwaterS

have consisted of " xylonite varnish "—combinations of pyroxylin

with india-rubber, resins or linseed oil, and shellac partially saponified

with borax. A preparation of a 6 oz. pyroxylin in amyl acetate 55,

fusel oil 12, acetone 10, and benzine 23, mixed with 5 oz. india-rubber

in 7 oz. carbon bisulphide is said to be very adhesive, and has been

used to attach tires with satisfactory results. Carlton Ellis* has

produced a preparation fairly representative of this class of adhesives,

consisting of 10 lb. nitrocellulose dissolved in 8 gal. acetone, 1 gal.

amyl acetate, and \ gal. creosote, to which 4 lb. camphor is added.

The creosote may be intended as a deodorizer, an unusual constituent

in a cement of this character. The two pieces of textile or other mate-

rial which it is desired to join are laid together, a small amount of cement

brushed on, pressure applied and continued if possible until the sol-

vents have nearly evaporated, when the pressure is removed and the

cemented surfaces allowed to harden in the air. Where the pressed

pieces are joined before embossing, the pressing of the pattern rendei-s

the cemented edges practically invisible.

A preparation known as " Universal Belt Cement," antl to be

obtained on the market, is a thick, heavy-flowing liquid, colorless,

consisting of pyroxylin 12%, camphor 5%, amyl acetate 40-45^(,

refined fusel oil 5%, acetone and wood alcohol 40%, and is said to

give excellent satisfaction. The ends of the belt to be joined are

shaved smooth, the cement applied, and the edges pressed or ham-

mered together and fastened until the cement has become dry.

1. E.P. 2249, 1860. 2. E.P. 1746, 1866.

3. E.P. 2625, 1872. 4. U^S.P. 778232, 1904.



CHAPTER XII

PYROXYLIN-COATED ENAMEL AND PATENT LEATHERS

At the risk of incurring adverse criticism, it is the author's con-

viction based upon experience, that the coating of leather with the

cellulose nitrates, as at present carried on in the United States at

least, has not placed itself on anything like a satisfactory scientific

basis. And this is primarily due to the fact that the entire tanning

industry seems to l^e permeated with (to say the least) a degree of

reticence, coupled with apparently irrational and scientifically inexpli-

cable individual methods and nile-of-thumb processes, which at tin;

present time make attempts to reduce the pyroxylin coating of leather

to an exact and logical basis very difficult, if not wellnigh impossible.

The cellulose nitrates are applied to the tanned skins and leather only

in the condition in which the latter are presented; on a priori grounds,

therefore, it is evident that if the preliminary steps of tanning and

finishing arc not reduced to a somewhat generally accepted uniform

system of procedure for the various classes and conditions of skins,

defiiiitt' and concordant results in subsequent pyroxylin coating are

impossible. An immense amount of intelliji;ent experimentation and

a high degree of theoretical anil manipulative skill have been brought

to l)ear on the choice of solvents and selection of nitrocotton; it ia

possible to produce a pyroxylin solution where the solubility, viscosity,

total solids and speed of evaporation are under entire control and can

be duplicated indefinitely; therefore the frequent lack of uniformity

of results obtained in leather coating must be mainly attributable to

the varying nature of the skin and its treatment in the processes of

leather formation.

The coating of leather with pyroxylin is comparatively recent.*

In the United States census returns for 1900 no mention is made of

the application of nitrocotton to leather. It is within the past ten

1. An idea may be gained of the (practically) entire absence of information
on this subject from the fact that the following works contain no mention of the

M>plication of njToxylin to leatlier: Pnxjtor, "L<;ather .Manufacture," 1903;

Irotoian, "Leather Trades Chomi.stry," IIKXS; Watt, Ix'alhcr .Manufacture." 1906*.

Flemming, " Practical Tanning," 1909; Bennet, "Manufacture of Leatlicr," 1910.
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years that this art has passed out of the experimental stage, while

to-day it is firmly established as a distinct industry. The advent

of the " hide splitting " machine, whereby a skin is cut into two or

three sections, each of the size and shape of the original, has done

much to give impetus to leather coating, because it has made available

a large number of hides of inferior quality which it was found could

be greatly improved in appearance and la^sting qualities by treatment

with nitrocellulose solutions. The three centers of industry in the

United States at present may be stated as Newark, X. J.; Bristol,

Pa., and the vicinity of Philadelphia, and Boston, Mass. At Newark

the majority of hides treated are the so-called " splits " and chrome

tan leather.

The object of tanning hides, kips and skins ^ is to render the animal

skin imputrescible and pliable, and to indefinitely preserve it. At

the present day, as leather is rarely used with the hair on, preliminary

processes are firet needed to remove the hair and to prepare the skin

for the subsequent tanning processes. The skin is usually first wa.shed

to remove dirt, blood and salt, the removal of the latter restoring the

skin in a great measure to its original soft and permeable condition.

The hair is loosened by softening and partial solution of the epidermal

structure in which it is rooted. This is accomplished usually by soak-

ing for some days in a milk-of-lime solution whose action may or may
not be facilitated by the addition of alkaline hydroxides or sulphides.

When the latter are used exclusively and in concentratetl conilition,

the hair as well as the epidermis is softened, or if the solvent action be

continued, is entirely dissolved and destroyed. In addition to loosen-

ing the hair, it is claimed the lime swells and bursts the fiber bundles

of which the hide tissue is composed, making the latter in a more recep-

tive state to receive the tannin. The lime also saponifies any fat

present, which is afterwards removed as the calcium salts of the fatty

acids.^

1. Animal skins are divided into (1) hides, or the skins of the hirger and full-

grown animals as ox, cow, bull, buffalo, horse; (2) kips, or the skins of the smaller
animals of the bovine class; (3) skins, of the smaller animals, as calf, goat,

deer, sheep, fox. Kip is a name also applied to a tanned split skin of a weight
l)etween that of a calf and a light hide. The quality of hides anil skins is greatly
influenced by the conditions under which the animal has grown, the nature of its

f<xxl, the variety of breed, climate and st^te of its constitution, its age and the time
of year when it is slaughtered. The hides of the larger oxen form, when tanntnl,

a stouter and heavier leather than those of cows, especially if the latter an» fntm
old animals or from those which have calved several times. The hides of bulls

are of coarser grain and thinner in the back or butt, tlmn those of oxen or heifers

or young cows, although they are stouter in the neck and certain parts of the l)elly.

2. For some purposes a distinct putrefactive process is substitute*.! for the lim-

ing, the skins l)eing hung in a moist, warm chaml)er until the .soft mucous layer
forming the corium or inner epidermis partially disintegrates by simple putrefaction,

aufiiciently so that the hair may be scraped otT. In this case the aide fiber is not
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The hair, after loosening, is scraped off with a curved handle blunt

knife on a partially rounded sloping board called a " beam," the opera-

tion being termed " depilating " or " unhairing." •

This is usually followed by " fleshing," which is a similar treatment

of the other side of the skin on the same beam, and with a similarly

shaped knife, which however, is two-etlgetl and sharp. All of the true

flesh, fat and loose tissue, is carefully removed by scraping and cutting,

fleshing machines being largely used for this purpose. For sole leather

the skin, after thorough washing in soft water to eliminate all traces

of lime, is then ready for the tanning process proper. For the softer

and finer grades of leathers a more thorough treatment is given for

removal of the lime, and so increase the pliability of the skin by solu-

tion and removal of a portion of the intercellular tissue.

This fermentative and putrefactive process, the most common form

of which is known as " bating," consists in steeping the hide for a

number of days in a fermenting infusion of pigeon- or hen-dung. While

the theory of its action is not understood it has been ascribed to the

unorganized enzymes elaborated by the bacteria present. The effect

is the removal of the lime by the weak organic acids formed, the partial

di.sintogration of the cuticular fiber, and the skin—which ui)on treat-

ment with lime has becolnc plump and swollen—rapidly becomes

ri'laxed and flabby.

In the lightest weight leathers, such as kid and lambskins for

gloves, and goat and sheep for moroccos and cordovans, dog-dung is

substituted for that of fowls, when the process becomes known as

" puering." If the lime has not been entirely eliminated, a subsequent

treatment called "drenching " is resorted to. This comprises either

soaking the skins in a fermenting bran infusion in which the small

quantities of acetic and lactic acids formed exert a solvent on the lime,

or more recently of treating the skins directly with lactic acid, alone

or in conjunction with acetic acid. The next step is the tanning proc-

ess proper, which coiLsists in soaking the pelts in a series of tannin

extracts or infusions, commencing with a weak solution and increas-

ing the strength of tannin, until examination of the skin shows that the

penetration has been complete and the cuticle and corium converted

into an insoluble compound of albumen or gelatin with tannin, from

which neither component can be regenerateil. With heavy pelts the

final process is often to dust the moist hide with a powdered tannin-

swollen and the swelling has to be in<luceti by a distinct process. This method,
if carried too far, results in the complete disintegration of tnc skin and the forma-
tion of a leather very low in tensile strength.

1. The above facts were taken from " Leather Manufacture," H. R. Proctor.

1903.
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containing compound, to obtain the maximum of penetration. In

the case of sole leather this process, carefully conducted, may require

as long as twelve months for successful completion, in order that the

hide may be evenly and thoroughly permeated without wrinkling.

The leather is then washed free of uncombined tannin, dried and

compressed, when it is ready for use.

Dressing leathers, due to their decreased thickness, are tanned

in much less time than sole leather, the subsequent filling with fats and

oils, which together with the mechanical manipulation constitute

" currying." A final film of grease distributed over the surface of

these leath(!rs increases the pliability and makes them nearly water-

proof. Morocco and other lighter fancy leathers are dyed and sub-

mitted to many complex processes before they are offered to the

trade, which enhance their value, improve the appearance and

increase their durabiUty. Many skins such as calf, glove and glace

kid, are " tawed " instead of tanned, by treatment with a solution of

alum and salt, often supplemented by mixtures of flour and albumen

to fill and soften the leather.

"Wash leather" or so-called chamois, and leather used for buffing,

are produced by fulling the skin with fish, degras, or whale oil, which

converts the skin into leather by sul)sequent oxidation and at the same
time oxidizes the skin to a readily pliable condition.

Past Processes for the Ornamentation of Leather. In 18S2'

J. Epstein published his process for producing the appearance of oxi-

dized copper or bronze on leather, usually called *' patina." The leather,

previous dyed, embossed and grained, is coated with a lacquer contain-

ing nitrocotton and a resin, in which the dyestuffs are in solution.

To produce a blending of the colors, a portion of the varnish is removed

when only partially dry, by rubbing with oil of turpentine. O. Lind-

ner 2 has endeavored to imitate the markings on crocodile skin on

leather, by covering the surface with a moderately concentrated solu-

tion of glue in acetic acid together with an oil paint, and then drying

this coating in a sufficiently rapid manner to cause it to shrink antl become

cracked, as in the natural skin. A final coat of pyroxylin is applied

to form a transparent and tough protective coating. A liquid com-

pound to faciUtate the marking of patterns on leather through a per-

forated stencil for embroideiy, may be made ^ by mpans of a thin

pyroxylin lacquer containing a pigment or bronze, oil of bergamot,

patchouly or safrol being added to impart an agrwable odor. To
place a design, picture, crest or monogram on leather,"* the design is

1. E.P. 6152, 1882. 2. E.P. 3645, 1886.

3. According to L. Whitcfield, E.P. 2123, 1887. 4. T. Stevens, E.P. 4833, 1887.
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first woven or otherwise eonstructed and affixed to the leather by

means of a thin pyroxylin cement aided by pressure. After drying,

a thin celluloid film is placed over the entire? design, the leather

having iK'en first moistened with amyl acetate. Pres.sure is again

applied, whereby the sujx^rposed celluloid layer is nm(lere:d invisible,

and the design finnly fixed to the leather. The polished surfaces

prt^pared by P. Meissner ' by coating leather with celhdoid .sheets and

submitting them to great pressure at a temp<Mature just high enough

to soften the celluloid, were highly polished, but they readily separut<'d

from the leather on frequent bending. An ingenious machine has

U-en devised for continuously applying gold or silver leaf in strips

or bantls to leather,^ consisting essentiall)' in an endless roll over which

the leaf jxis-st^s, where it meets the leather just previously moistenc'd

by a thin lacciuer. Inmiediately after the union of the leaf and leather

a steam heated pressure roll is encountered, which imljeds the leaf

in the leather and at the i^im\p time vaporizes the lacquer .solvent.

The waste paper from the back of the leaf is carried away by means

of drawing rt)Llei-s. To give leather articles the appearance of enamel-

ing,"* they are partly or wholly covered with so-called " silver paper,"

either plain or embossed with a design. The paper is affixed by

pyro.xylin and covered with a celluloid sheet. In another method "*

the dressed and pumiced leather is coated with a mixture of 12 oz.

pyroxylin dissolved in a gallon of amyl acetate, containing dyestufT

or pigment, to which is added 10 oz. lanolin or wool-fat. The finish-

ing coat consists of the above mixture with the lanolin omitted. No
wool-fat, to the author's knowledge, is used in leather-coating composi-

tions at the present time.

Earlier Methods of Coating Skins with Pyroxylin. As far

back as ISCl, A. Uollason, as the result of experiments on vami.shing

leather, obtained a patent •'' for a " collodion composition " to be

applied to leather to give it a glazed or varnished appearance.^ After

the failure of Parkesine, Parkes turned his attention to other possible

sources of collodion application, and devoted considerable time to the

coating of leather and furs. In his patent of 1881 ^ there is descril>ed

a process whereby the leather is first treated with a solution of ccllulo.sc

1. E.P. 12870, 1S96.
2. L. Brachcr, W. Collyer and J. Cassells, E.P. 25309, 1896.

3. J. Herz, E.P. 758, 1897; E. Deiss, E.P. 58;J7, 1903.

4. Marsilen C^., E.P. 17002, 1S97; U.S.P. 587097, 1897.

5. E.P. 2143, 1864.

6. He coml)inc(I collodion with flexible f!Mmn as elemi and animi, I)ru.shin(( the
mixture on poli.shcMi gla.s.s or metallic surfaces, and then applying the dried film to

the leather with friction.

7. E.P. 983; U.S.P. 205337, 1882 (A. Parkes only U.S. Patent).
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in zinc chloride or iodide, after which a nitrocotton mixture is applied.

It was found, however, that thtj leather coated by Parkes' method

rapidly became brittle and lost its tensile strength, so that the

process never developed into commercial importance. In connection

with Daniel Spill'iJ American zylonite patents, J. Edson in 1883 ^

described that which may be regarilcKl as the first workable method

published for the combination of pyroxylin with leather, in which a

definite process of attachment of a nitrocotton film is given. Edson

first prepared a film of the cellulose nitrate with or without camphor,

by allowing a fluid solution to dry on a glass plate protected from

dust. The leather was moistened with a pyroxylin solvent, and that

side of the film not adhering to the ghiss attached to the leather, great

pressure Ijeing exerted. In this manner the leather was covered with

a liighly polished, water-repellent coat of great beauty and durability.

Investigators immediately elaborated on these general principles

as laid down by Edson, as to thickness of film and degree and length

of time of pressure, pigments, dyestuffs and oils being added to the

leather before the film was applied. It was found, however, that the

film was inclined to separate from the lea,th(;r in bending, and this

defect could not be satisfactorily overcome. When the pliability of the

leather wtis increased by oiling, the defect became more noticeable.

W. Field 2 endeavored to overcome this difficulty by incorporating

the oil directly into the film, and this led him to use boiled linseed

oil as one ingredient, probably the first attempt to make patent leather

with pyroxylin. Although blown corn oil, peanut, castor and rape

oils were tried, all appeared to be unsuccessful, the union of film to

leather being insufficiently tenacious to meet the trade demands. In

order to diminish the antipathy of the oil to pyroxylin, linseed and

castor oil were first nitrated,^ the pyroxylin and nitrated oil being

dissolved together in acetone, evaporatetl to dryness and attached to

the leather. In order to induce a more intimate union of pyroxylin

and leather the mixture was applied in the semisolid or heavy fluid

state, after which a film was attached or a liquid lacquer brushetl over

the surface as a finishing coat. A. Cohn"* in 1901, and E. Jetter*

two years later, made substantial improvements, the first by super-

posing on the leather a series of coats of varj-ing fluidity and oil con-

tent, and the latter by increasing the penetrative power of the lacquer

by the partial use of glacial acetic acid. From 1903 until the present

1. U.S.P. 289241, 289338, 1883; E.P. 5554, 1883.
2. E.P. 3469, 1893.
3. W. Reid and E. Earle, E.P. 26677, 1897; see VelvriL
4. E.P. 1642<), 1901.

6. E.P. 4902, 1903.
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time improvement has IxH-'n mainly along th<' lineH of selection of

8uitablc oils to combine with the nitrocotton solution, the adjustment

of the composition of tin* individual coatings, and the nitration of

cotton to produce clear and highly flexible films. It was early demon-
strated that the nature of the skin and the tanning processes, as govern-

ing the porasity of the fiiiishetl leather, wer<^ of great importance in

the application of successful coating mixtures, for unless the pyroxylin

was enabletl to obtain a firm and satisfactory anchorage in the leather

substance, application of subsequent coats only tended to pull the first

coat away from the leather, and hence weaken the pyroxylin structure

JUS a whole. The importance of the porosity of the leather filxir as a

suitable medium for the attachment of pyroxylin c,annot be over-

estimated, and at the present day Is one of the most important—if

not the unsolved—problem in the successful pyroxylin coating of

leather for pat<»nt and enamel effwts.

The Process of Field. The first departure from attempts to

attach films to leather which met with any considerable commercial

success was the process of W. D. Field,* in which a fluid pyroxylin

preparation was placed directly on the leather, and which contained

a vegetable oil as an essential component. Previous to this the many
unsuccessful attempts which had been made in this direction had lxH?n

due to the impregnation of the leather substance with pyroxylin solu-

tions, with the result that a stiff, homy and non-flexible skin was

produced. Applying the experience gained in the coating of cloth

\^'ith nitrocotton,2 Field succeeded in obtaining quite satisfactory

results with the following process—so far as toughness and pliability

are concerned. Ck)m or cottonseed oil—preferably the latter—is first

boiled or " blown " with a siccative, as antimony pentasulphide, until

the proper consistency has been obtained. A solution of 15 lb. pyroxylin

in 15 gal. amyl acetate is made, to this being added in small quantities

at a time 50 to 60 lb. of the oil blown as above. If pigment is required,

it is first ground in a small quantity of the oil before incorporation

with the pyroxylin. The material is applied to the leather with a

brush or " slicker," allowing each coat to dry by exposure to the sun

or artificial heat not above 40°. The final or varnish coat, much
thinner than the preceding, is applied by flowing over the surface,

when the skin is left at the ordinary temperature until thoroughly

tlr\'. Although the finished product had a disagreeable odor, con-

tained pigment instead of dyestuff which gave a slightly granular

appearance to the finished coat, and was of a dark brown rather than

a glossy, bloomy black color. Field was the first to produce, in all

1. U5,P. 627493, 1899. 2. See Chapter XI.
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probability, on a manufacturing scale, a flexible, non-pcnetrabic pyrox-

ylin coating on an absorbent, pliable material, which was surface-

hardened by a thin, flexible varnii^h high in nitrocotton, and which

proved a commercial success.

A. Kennedy's Method ' modified Field's process in that the flexibil-

ity of the leather wius increased by applying as the first coat a mixture

of pyroxylin, lanolin and corn oil together with coloring matter, pref-

erably in the following proportions: 12 oz. pyroxylin is dissolved in

1 gal. amyl acetate, to which is added 10 oz. lanolin and 3 oz. com oil.

The solution is applied to the leather in the usual way an«l after dry-

ing, a finishing coat of pyroxylin, 10 oz. to the gal., is flowed over to

give a more resplendent surface. The fatal defect in this process was

the tendency—on long storing—of the com oil to exude ("spew" or

"sweat out") on the surface, either as a greasy opaque bloom or as

minute oily drops.

Enameling Composition of Byron Goldsmith.- In 1909

patent protection was granted for a method of enameling which may
be said to embody the most modern patent and enamel leather prin-

ciples. The linseed oil is first mixed with pyroxylin in solution, and

the leather coated in such a manner with one or more layers that the

coating last applieil is a solution consisting of a solvent of the previous

coating. Therefore in building up a plurality of coats the increment

of each is "amalgamated" or becomes an integral portion of the la.st

previous coat. A 6 oz. solution of pyroxylin in one gallon of amyl

acetate is. specified, to which, for the first coat, an equal volume of

boiled linseed oil is added. The larger the proportion of linseed oil, the

greater the gloss and the softer and more easily scratched tht; coat.

The proportion of pyroxylin is increased from 'the first to the last

coats, the exact number of which will depend upon the fluidity of the

solution and the amount used in each separate enameling process.

The Adams & McKay Process.^ This invention relates to the

manufacture of that chiss of enamel and patent leathers where the

enameling is applied to the grain side only, and without previous

buffing, as distinguished from that class in which the enameling is

applied to the flesh or grain side, which has been rendered more receptive

and porous by buflfing. The process, therefore, is particularly applicable

to the manufacture of enamel and patent leathers from light skins as

1. Ui;.P. .587097, 1807.
2. U.S.P. »0')2SS, 1<)()9.

3. W. Adams and 11. C. McKay, U.a.P. 789249, 1905; the Patent Leather Com-
pany of .America prefer to u.se a non-ilryinji; oil, as ca.Htor or arrack oil, for the inner
coat in amounts not less tlmn 30% oil to pyroxylin employed. (E.P. 16598,
11K»; F.P. 368383, 1906.)
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goat, on which it is oiten not desirable to apply enamel to the fle«h

side, nor advisable to buff the grain side.

The process is essentially comprlseil in two steps, i.e., the degrc^as-

'mg of the leather by means of solvents, followed by the drying oil-

pymxylin pn'paration. When the tannetl skins have been finish(*d

to the point where they would otherwise bo surface-finished in any

of the known ways to make them merchantable, the natur^ and

.ipplie<l grease in the leather Is completely extracted with solvcfht,*

preferably naphtha. It is claimed that this degrcasing step Ls essential

lo enable the pyroxylin varnish to penetrate the grain side below the

surface and properly adhere to the inner fibers.^ Another step in the

process which may be profitably employed before the tanned skin

is degreased, is a smoothing and compacting of the grain, either by
repeated manual application with a slicker, or passing the hide under

the glass roller of a glazing machine as though the tanned skin was

to be made into glazed kid. The usual " seasoning " with albumen
>• applieil just before glazing. The advantage of the glazing process

- the formation of a ver>' smooth and compact surface for the applica-

tion of the pyroxylin-oil varnish.

In the carrying out of the second portion of the process—the applica-

tion of the pyroxylin coating—the vami.sh should be sufficiently fluid

to admit of being spread with a brush or sponge, and readily absorbed

by the fibrous structure of the grain side without producing an enamel

coating. The composition consists preferably of linseed oil boiled

to the consistency of fresh mucilage, thinning one quart of this with

an (Hiual volume of amyl acetate, or sufficient to give it a density of

31° B^., and then adding a pyroxylin solution consisting of 1 lb. nitro-

cotton in 2 gal. amyl acetate. The solvent portion of such a formula

is unneces.sarily expensive. To each 3 gal. of the above mixture,

1 \ oz. nigrosine in 1 quart methyl alochol is added for the black color.

It i- claimeil that the above composition Ls absorbed almost instantly

''\ the skin so prepare<I, penetrating the interior grain surface an<l

Mveloping and adhering to the fibers composing the epidermal or grain

i'le with great tenacity. The skins are then either dried in the sun

• »i an oven at a low temperature, and coated with a varnish patented

by .McKay,^ which is prepared as described above. It is evident in

this process that if a coating of albumen is applied to the grain surface

iH'fore the pyroxylin, the former will interfere with the penetration

of the latter into the leather fiber, albumen not being dissolved by the

1. W. A(lam«, U.S.P. 685.S51, 685552. 1901.

2. Pyroxvlin and oils lieing antagonistic.

3. H. C McKay, U-S.P. 704082, 1902.
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pyroxylin solvents named, and hence it would appear that the use

of albumen would decrease the adhesion of the nitrocotton, unless a

mutual solvent for both pyroxylin and albumen—such as acetic acid

—

is used. The elimination from the skin, by degreasing, of the oil, which

is a direct pyroxylin repellant, is the novel and meritorious invention

in the process, and where the proportion of linseed oil is sufficiently

large in the first coat to give the desired flexibility, and the solution

is sufficiently thin to properly penetrate the fil)er, a surface of great

brilliancy and strength, it appears, should result.

B. Goldsmith ^ advocates the use of " sized " or " glazed " leather,^

but increases the adhesion of the enamel coating to the leather by

slightly abrading the gelatinous or albuminous surface of the sizing

before the pyroxylin coats are applied. This, in practice, may l)e

accomplished by powdered pumice-stone and buffers. The final or

enamel coat consists of pyroxylin and a drying oil, preferably G oz.

of the former to a gallon of solvent, into which has been incorporated

6-9 oz. of oil.-''

De Montlord's Film Enamel. A novel process has recently

been proposed "* of making patent leather by using ethyl acetate as a

solvent, the production of which solvent is made possible at a reasonable

cost by the use of denatured ethyl alcohol. If De Montlord has suc-

ceeded in evolving a process of attaching leather and pyroxylin satis-

factorily with ethyl acetate, he has succeeded in a field in which many
have worked but all have failed. The ready volatility, hygroscopicity

and proneness to acidity of this ester have been the drawbacks which

previous investigators have encountered.

The invention consists of a process of making patent leather or

artificial patent leather by dissolving nitrocellulose in a suitable .solvent

with addition of a vegetable oil, alcohol, glycerol, spirits of turpentine,

and a pigment or dyestuff, coating either plate glass or aluminum

plate, with a composition with from three to five coatings, as may be

1. U.S.P. 783828, 1905.

2. Such leather is made by the application of several coats of albumen or gelatin,

in which condition it is known as " sized " leather, or, if after applying the siae

the surface is polished in a glazing m^hine, the leather is termeti " glazeil."

3. In order to save the expense of enameling those portions of the skin which
are not used in the iinishe<l article and in order to make it possible to utilise the
corresponding portions of the sizeil or glazed leather—that is to say, those portions
which would ultimately disappear in scraps after the enameled leather has been
cut into its ultimate shape—tiie siztnl or glaze<l leather may l)e cut into its tinisho<i

or vamp shape, and then the enameling coat or coats applitnl in the manner deMcril)ed,

to the cut-out pieces. Tliis process is peculiarly useful, because whereas the scraps
remaining from cutting up enameled leather into its vamp fonn have little utility,

the scraps remaining from cutting up sized or glazed leather into such forms have
considerable commercial value.

4. G. R. De Montlord. UiS.P. 928235. 1909.
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roqiiiretl, according to the thic4cno88 of either the cotton cloth or

the leather to Ix? transfornied into patent leather. Each wparate

coating »o spread on the plate is drie<l by heat b<*fore applying the

subsequent coating. When the coatings are dry, the leather is then

cut in size to fit the plate or the glass on which it is applied, after being

immersed in pure ethyl acetate; the leather is then spread on the

already coated gla^ or plate, by means of heavy steel rolls, so that

the solution in which the leather is immersed and the coats on the glass

or plate adhert? strongly together. The plate or glass is then <lried

with the leather on it, and after drying is carefully removed with the

coating and dried again.

When thick, heavy leather is to be transformed into patent leather

or several surface coatings have to be applied, it is preferable to apply

one at right angles to the other. The leather saturated with ethyl

acetate is then spread over the coated plate and by submitting the

plate and the leather to pressure, the parts adhere firmly to each other

and permit the subsequent removal of the surface coat from the plate.

The following proportions are said to have given good results,

viz.: 100 parts of ethyl acetate, aluminum salts, pyroxylin or a

similar .solution, 4 to 12 parts of nitrocellulose, 2 parts of glycerol,

C.P., 3 to 12 parts of castor oil or any other vegetable oil, 10 to 80 parts

of pure grain alcohol, 1 to 4 parts of spirits of turpentine, and the

pigment or dyestuff, which is thoroughly incorporated in the solution.

The proportions, however, have to be varied somewhat according to

the thickness of the hides and skins. No details have been obtained

as to the success of this process on a manufacturing scale.

Classes of Leather Coated with Pyroxylin. There may be

said to be two general classes of leather which are pyroxylin coated at

the present time in large quantities: (1) split leathers, and (2) leather

for patent and enamel wear. The coating of chrome-tanned leather

ni;i\ pf rhaps Ik? added as a third division.

Hides are usually split on a band machine, where, as its name
implies, the cutting is done by means of an endless steel belt which

travels with great rapidity over two large pulleys, the edge being kept

sharp by the automatic grinding of emery wheels below the machine.

In this rather complicated and expensive machine the tanned leather

is fed between brass rollers to the knife's edge, the inequalities of the

leather being provided for in the under roller by small eccentric bniss

sections, which in turn press upon a resilient rubber cylinder. If one

cut is made, the outer portion is called a " grain split " and the inner,

a " flesh split." If two cuts are made, three skins are obtained, an

outer very thin layer, known as " buff split," the center portion or
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" grain split " and the inner or " flesh split." It is not expedient to

attempt the section of a hide into more than three splits, as each por-

tion would then be too thin to be of much commercial value. The
value of these splits decreases from the outside inward, except in

certain instances where the ])ufT split is so thin as to be useful only

for the cheaper class of pocketbooks, satchels and upholstering. Five

years ago split leather in the United States was difficult to dispose

of, the supply being much greater than the demand. Now the reverse

is the case, due entirely to development of the art of applying pyrox-

ylin to the split surface.

In the coating for patent and enameled leather, whole or unsplit

leather is usually taken, on account of the rigorous usage to which

it must be subjected in shoes and upholstery. Split leather is seldom

if ever used in shoe manufacture. The superposing of a series of coats,

made necessary in the preparation of acceptable patent leather, makes

it advisable to use a strong and heavy leather basis upon which to

mordant the pyroxylin, and this is best attained by using the whole

leather, without reducing its thickness by splitting.

Chrome-tan leather is usually colored white by processes to be

described, although more recently attempts to make patent leather

from chrome-tan hides, have apparently been successful. For "ZaloJ"

and other leather cements see Chapter X.

To increase the hardness and resistjancc to wear, L. Krajewski *

suggests filling the leather pores and coating solutions with hard bodies

(e.g., carborundum, borosihcide) in a very fine state of subdivision.

Such material might find favor in upholstering seats in smoking cars

to scratch matches on.

Coating of Buff Splits. If the outer split from a skin is ver>'

light, it is called " light l)uff," and if slightly heavier, " deep buff."

Until very recently the V)uff splits were simply dyed either with log-

wood and dimethylaniline, or an acid aniline dyestuff, and glazed

by passing the leather through a glazing machine, which distributes

a thin coating of egg albumen over the surface, the process being known

as " seasoning." Buff splits are so thin as to have but little strength,

and this is especially so with "light" buffs, for which rea.son, formerly

but little attention had been paid to their profitable utilization. How-
ever, it has been foimd that the strength can be increa.sed, aiid the

wearing qualities considerably enhanccMJ, by proceeding with this

class of leather somewhat as follows:

After dyeing, preferably with an aniline dyestuff in distinction

from logwood, the leather is thoroughly dried at a low temperature,

1. F.P. 4024(»n. I'MKI.
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and after fooliii<;, spriiul out oa a lar^c table, and either taeketl, or

weights plaited on the leather to prevent wrinklin;^. The first eoat

is place<l on the inner or " wrong " side of the buff, and eonsist^ in

thoroughly brushing in a solution low in castor or linseed oil ' of which

the following formula is representative:

Pyroxylin Qoz.

Cbniniercial wood alcohol, 1)7'/,, 40 fl. oz.

Aniyl acetate 32 "

Castor oil 4 "

Benzine 62« 40 "

Uefined fusel oil, sufficient to make 1 gal.^

TIk buff is hung up to dry over steam pipes, where it is allowed to

remain several hours, preferably over night. The next morning, or

when the solvent has entirely evaporated, the outer or hair side is

brushed in the same manner with a thin pyroxylin solution, generally

without oil, and seldom over 4 oz. strength. The leather Ls preferably

spread out on a large glass plate, or glass-covered table for this coating

application, and left there until practically dry, the last traces of

.solvent being removed by artificial heat. A satisfactory solution

for this treatment would be:

Pyroxylin 4 oz.

Commercial wood alcohol, 97Sc 65 fl. oz.

Amyl acetate 25 "

Benzine 71° 30 "

Refined fusel oil, sufficient to make 1 gal.

If it is desired to increase the gloss of the out^r buff coat—which

is usually unnecessary—from 4-12 oz. of boiled linseed oil are added

to each gallon of the above formula. The introduction of benzine

71° instead of 02° is made advisable by the larger amount of lighter

Ixjiling-point solvent (wood alcohol) as compared with the previous

fonnula. With all thicknesses of this leather except the decjK'st

l>uffs, it is found that the two pyroxyUn solutions penetrate entirely

through the leather and anchor to each other, as well as the leather

1. The huff Ls of so light weight that a pyroxylin without vegetable oil does
not make the coatetl leather too stiff, with the small amount cf coating compociitioii

usetJ.

2. The fusel oil is necessary to cause combination (physical) lictwecn the wood
alcohol and l>enzine, which otherwise would be immiiiciulc. BufT spUtti from ttheep

ekina are calltxl " akiver."
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substance. Such coated buff splits are finding reatly sale as material

for the better grade of light-weight pocketbooks and the flexible

covers of certain books, as loose-leaf ledgers and Oxford bibles. The

inner side of these buflfs, which is quite rough after coating, is not

smoothed, because in all uses to which the buffed leather is placed

the inner side is always lined, and hence invisible.

The bands in the inside of men's hats, called " hat sweats," are the

buff splits from sheep, calf, or goatskins, calf being the highest in price.

These bands are always dyed, but the dyestuff is usually not fast to saline

solutions, so that formerly the color would come out on perspiring,

and it was not uncommon for a hat band on a hot day to leave a dark

streak on one's forehead. Now we see none of this, due to the fact

that the buff split used in preparing the band is coated with a thin

pyroxylin solution, substantially as outlined above.

In ordinary practice one gallon of solution is sufficient for properly

coating 500-GOO sq. ft. inner side, or 750-850 sq. ft. outer side,

depending upon the thickness and porosity of the leather and the

skill and carefulness of the workman. Buff split leather is seldom

embossed. To imitate the odor of morocco leather, oil of birch or

cade is added to the pyroxylin solution before the latter is applied to

the leather.

Coating of Grain Splits. This is the most valuable part or

" heart " of the leather, and its value depends in a great measure on

the depth of the buff and flesh coats which are split off. It is evident

that a thinner buff and flesh split results in a thicker and more valuable

grain split. In the coating process the hides are first soaked in order

to render them as pliable as possible, the skins being naturally shrunken

from the astringent tanning and chrome liquors through which they

have passed. As coated leathers are always sold by the square foot,

the skins are soaked and nailed to frames, being stretched out all that

is possible in order to obtain the maximum area. They are fastened

to wooden frames with large tacks, where they are allowed to remain

until thoroughly dr)% when the tacks can be removed without the

leather shrinking. This process is called " drying to get the measure-

ment." Although a thicker and more dense hide will require a longer

time to dry than a thin, porous one, the degree of drj'ness is determined

by the " feel," and after the hides have been removed from the franie.s

they are preferably kept in a warm, dry room to minimize subsequent

abssorption of moisture. It has been found that a dry hide coats more

i*eadily and the coating composition adheres more firmly than if the

leather has been previously exposed to a damp atmosphere for any

great length of time. Irrespective of the manner in which the skins
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have been tannetl they are usually coated in the same way, variations

being made for the weight and porosity of the leather at the time the

composition is applied. A hide is laid on a low flat table, preferably

gla-ss covereil, and the prime or first coat applied, usually with a
2-iii(h brush with bristles 6 inches long. The pyroxylin solution in

uiiifonul} and thoroughly worked into the leather substance with

the brush, until apparently no more will be taken up. In some instances

the dust from the splitting process is removed from the leather and the

surface roughened by a stiff brushing before coating, in order to pro-

duce a firmer anchorage for the coating fluid. WTiere the fini.shed

leather is intended for fine upholster}-, hand bags, automobile trimmings

and carriage-tops, castor oil and not linseed oil is used, the formula

for a first-coat composition being:

Pj-roxylin 8 oz.

Ck)mmercial wood alcohol, 97% 45 fl. oz.

Amyl acetate 20 *'

Refined fusel oil 12 "

Castor oil 12 "

Benzine 71°, sufficient to make 1 gal.

The pyroxylin is first mixed with the amyl acetate, and the wood
alcohol with the castor oil. The two are combined and the fusel oil

finally added in small portions at a time with much stirring. Any
pigments introduced are first ground in a small amount of the castor

oil. After the application of the first coat the skins are hung on frames

over steam pipes, the temperature of which does not rise above 40°,

where they remain until drj-, usually about two hours. They are again

placed on the table and all " knots " and " warbles " polished off by

smoothing the leather with pumice-stone. Warbles are excrescences

on leather caused by the deposition of the egg of the gadfly in the

hide of the living animal and the purulent abscess which forms upon

the hatching of the larva. The second coat is similarly applied, but

the above solution—less the castor oil—is mixed in equal volumes

with the formula above, i.e., the amount of castor oil is halved. More

care is excercised in uniformly and thoroughly covering the skin, and

it is left on the coating table until dry to the touch. Then the skin

is placed on a frame and the remainder of the solvent carefully expelled

at a low temperature. The large proportion of low-boiling solvent

in the formulas renders it impossible to apply the compo.sition with the

slicker, for the evaporation would be too fast to enable a proper spread-

ing before the coat becomes hardened. The third and final coat,
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consisting of the formula above but with no castor oil, is thinned

usually about one-half, and allowed to flow out and over the skin and

to diy at ordinaiy temperature until " set." After a thorough final

diying, the skin is ready for embossing. A plate embosser, similar

to that described in Chapter XI is used, the temperature of the steam

chest being kept close to 70°.^ The leather is then considered finished,

or if an extremely glossy appearance is desired, the hide is hung up and

a weak (2-3 oz. per gal.) pyroxylin solution, in commercial wood alcohol

and acetone only, sprayed lightly over the surface with an atomizer.

The light boiling-point solvent allows of evaporation before the com-

position begins to flow or " run." If a " dead " or " mat " appearance

is required, a pigment ground in fusel oil, and thinned with acetone,

is sprayed on the leather in a similar manner. The volume of the

spray is too small to affect the appearance of the graining.

In the process for coating grain splits as developed by S. Pianko

and M. Knaster ^ castor oil and celluloid in solution are recommended,

but experience has shown that the presence of camphor is entirely

unnecessary. Leon Feval ^ recommends the use of so large an amount

of castor oil in the first coat " that the inner coat or coatings will never

entirely dry, and always remain in a ' tacky ' or sticky condition."

He makes the outer coatings sufficiently thick so that upon drying

the outer will sufficiently protect the inner coatings. The process he

describes as follows:

" The uncoated leather is first coated with a liquid containing the

oil and nitrocellulose in solution and preferably diluted with alcohol

with or without other materials, such as gums or pigments. This

inner coating is allowed to set, (preferably at ordinary temperature.)

The first or inner coating when sufficiently set will not be entirely

hard and inflexible, owing to the presence of the large proportion of

non-drying oil, but, on the contrary, will be tacky and more or less

soft, flexible, and elastic. A second coating is then superposed upon

it. This outer coating may be like the inner one except that it has a

smaller proportion of the oil than in the inner coating. In this outer

coating a larger proportion of pigment is used. The outer coating in

some instances may contain no oil whatever, the effect of the oil in the

outer coating being secured by the combination of the nitrocellulose

of the outer coating with a portion of the oil of the inner coating. The

idea of the outer coating is to serve as a finish to the inner coating,

1. If there is any tendency of the oil to remain on the surface due to the com-
bined heat and pressure of the embosser, a piece of paper interposed between the
cmbostiing plate and leather will alxsorb any stains.

2. E.P. 28743, 1U07; F.P. 385900, lOaS; First Addition Mar. 0, 1908.
3. U.S.P. 848357, 1907.
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the latter being always soft, an«l therefore impractical for a finished

leather. If desired, a third or other coatings may Ik' addtnl, similar to

the secontl. The process may Ix; nuHlificd Ijy making the second or

additional coatings similar to the first.

"As an example for carrying out this process the following prop<jr-

tions may be employed: For a steerhide split or cowhide spirt of

average thickn«s for the first coating a solution of about 13 lb. of

pyroxylin dissolved in about 13 gal. of a mixture of 3 parts of wcmxI

alcohol and 1 part of amyl acetate. To this is added about 75 lb. of

castor oil together with about 2 lb. of any commercial pigment, depend-

ing upon the color desired, ground in about 20 lb. of oil. The oil will

therefore be at the rate of about 7J lb. to each pound of nitrocellulose.

The inner coating will set and will not permeate the leather to any

appreciable extent. One reason why this is possible is the use of the

wood alcohol in large quantity, so that the composition will not entirely

or much of it permeate the leather and change the character of the

coating from one of great elasticity and ability to stretch to a film

formed largely of pyroxylin and incapable of being stretched. For

the. second coating the same amount of pyroxylin and amyl acetate is

used, but with a smaller proportion of alcohol, depending upon the

weather during the operation—on account of its tendency to absorb

moisture and then precipitate pyroxylin. To this is added 16 lb.

of castor oil.

" The amount of alcohol used in the second coating depends upon

the weather during the operation. The second coating is in a posi-

tion to absorb moisture, while the first coating is covered. There-

fore if moisture be absorbed a spotted appearance in the coating results.

It is possible to make it without alcohol ; but the solution will f>enetrate

too far unless other means be provided to prevent this, for the reason

that the amyl acetate dries too slowly. The amount of oil in the inner

coating is regulated by the thickness, texture, stiffness, and in some

cases by the method of tannage of the leather, and also by the length

of fiber on the surface, if the leather is a split. A thick and close-

textured leather will require a larger proportion of oil than a thinner

leather or one in which the texture is more open. In some instances

chrome-tanned leather w^ill require a smaller proportion of oil than a

bark-tanned leather. The hand-buffed and machine-buffed leathers

will require a smaller proportion of oil than the split referred to above,

assuming the proportions to be the same in both cases. The propor-

tions of oil to nitrocellulose should be varied when used in connec-

tion with other leathers—such as goatskin, calfskin, etc.—according to

the above rule. The proportion miay var>' from 7^ lb. of oil to each
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pound of nitrocellulose or even slightly more in some leathers down

to very much less in other leathers. It may not well be reduced

below 3i lb. to each pound of nitrocellulose. This proportion of

oil, it is to be understood, is to be measured by the amount of nitro-

cellulose employed and does not in any way depend upon the amount

of solution containing the nitrocellulose. The proportion of oil in

the outer coating will vary according to the results desired. A smaller

proportion of oil will give a leather having a " drier feel." Similarly

a larger proportion of oil will give an increased sleekness of feel. The

amount of pigment added should be sufficient to secure the desired

depth of color, the proportions used varying with the results desired.

The addition of gums or other oils cause a slight reduction of non-

drying oil. For instance, if a substance, such as camphor is used,

and which is soluble in the solvent used to dissolve the pyroxylin with-

out acting on the pyroxylin, it would be in the proportion of about

f lb. to each pound of castor oil used. After the leather is coated it

may be further finished by graining, embossing, or pebbling in the

usual way.

"By microscopical examination of a section of leather coated by this

process the different coats may be identified if they have been applied

at an interval of two or three days between each, the coats containing

the large proportion of oil showing in section a heavier or thicker coat

of a peculiar gelatinous appearance."

Coating of Flesh Splits. These, being quite porous and not

very strong, are used after coating for cheap upholstery, carriage

trimmings and similar purposes. Heavier coating compositions are

used on account of increased porosity of the leather fiber, but otherwise

the coating is essentially the same and is applied to the outer or grain

side. The light and fancy colors are seldom used with this class of

leather, and only brown and black shades.

M. Pianko ^ attempts to produce the equal of the more expensive

grain-split coated leathers by a rational and apparently satisfactory

process in which the least expensive flesh split is attached by means
of pyroxylin to a coated thin buff split, thus giving the weight and

appearance of grain-split leather. This ingenious method consists in

securing the desired pliability by first coating the flesh leather with

a linseed oil composition containing sufficient pyroxylin to readily

combine the surface with a pyroxylin cement. A light buff-split

leather is then lightly coated with a pyroxylin composition high in

nitrocotton, ajid either free from or containing just sufficient linseed

oil to impart a high gloss. Flesh splits of the cheapest hides may be

1. E.P. 93(M, 1902.
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thus cemented to the buflF splits of the more expensive ones. This

method allows of much amplification and apparently opens up possi-

bilities for the preparation of leathers of any desired qualities by

combining, say, a porous split flesh, with a hard buff split, a

leather of nearly the value of a grain split l)eing thus protluced,

and at a fraction of the former cost. This suggests the possible

solution of the problem of artificial patent-leather formation, except

instead of applying the coating <lirectly on cloth, the thinnest buff

splits are attached to the cloth and the whole finished as with grain

leather. The various processes of " boarding " and " pebbling " could

be applied to a cloth surface cemented with a split leather, and the

whole be then embosse<l in the usual manner.

Chrome-Tan Leather. There is but little difference in treatment

of chrome-tan as distinguished from bark-tan leather, so far as coating

is concerned. Chrome-tanned leather is less porous, more firm and

less receptive to fluids than the same skin tanned with tannin. There-

fore in general chrome-tan leathers require pyroxylin preparations

of greater fluidity in order to obtain the desired result. If enameled

or patent leather is to be made from a chrome-tan skin, especial atten-

tion must be paid to the dyeing of the skin black, as the dyestuffs

penetrate the leather very slowly. In the two-bath chroming process,

it is essential that the fat be removed from the skins as much as possible,

and this Is done either by hydraulic pressure or by extraction of the

fat with benzine or other solvent. The hair is removed by de-liming,

then bathed as in tanning, washed for a few minutes in a weak lactic

acid bath, and if the skins are not sufficiently purified, a final washing

in a weak, warm borax solution follows. Usually the skins are plumped

by immersion in a " pickling " solution of dilute acetic or hydrochloric

acid, containing from 3-10^ of salt. The first bath of the process

consists in adding to the pickling solution the required amount of

potassium bichromate or sodium bichromate dissolved in hot water

the hydrochloric acid already present increasing the penetration of

the bichromate. The skins and solution are placed in a revolving

cylinder and turned or " drummed " for a sufficiently long period

and until the center of the heaviest hide shows a uniform green color.

The skins are then removed and allowed to drain for from 6-48 hours

to equalize the penetration of the chromic acid, the skins being kept

excluded from the light to guard against reduction of the bichromate.

After this they are washed free from bichromate, dried and finished

in the usual manner.

The second bath of the process consi.st.s in reducing th(r bichromate

to chromic oxide, usually by an acidified solution of sodium hypo-
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sulphite (thiosulphutc), the skins being dipped singly into the reducing

buth, or a number are placed in a vat and agitated, the solution in

this instance being weaker, and the time of agitation increased. Often

5% of commercial hydrochloric acid calculated on the weight of the

skins is added to the vat liquor, the addition of the acid changing the

color of the latter to a milky white color. The skins first become

yellow, but finally assume a bluish-green color, and lose the slipper)-

rawhide feel as they become changed into leather. They are finally

carefully washed and dried after stretching on frames.

In the " one-bath " process, the oxidation with chromium and

reduction of the same is carried out in a single operation, and " chrom-

ion," " tanolin," " vulcanochrome," " corin," " chromatin " and
" bichrone " are trade names for solutions of this nature. A solution

of chromic chloride is prepared by dissolving chromic oxide in commer-

cial hydrochloric acid, which is then partially neutralized with sodium

carbonate, the resulting liquor consisting essentially of normal and basic

chromic chloride, sodium chloride and a small amount of free hydro-

chloric acid. The salt serves a useful purpose in preventing the draw-

ing or contraction of the fibers during the chroming process. The

partial reduction of the chromium in the basic state, it is claimed,

makes subsequent reduction unnecessaiy ; simple immersion of the

skins in the bath the required length of time to insure thorough penetra-

tion and subsequent washing, constituting the process. It is claimed

that the free chromic acid produced in an acidified bichromate solu-

tion such as is used in the two-bath process weakens the leather fiber,

and the smell of sulphur dioxide from reduction of the thiosulphate

in the two-bath process is not only disagreeable to the workmen, but

destructive to the leather as well. Eitner has also made some prepara-

tions, " cromul," " cromar," and '* cromast," containing organic

matter intended to modify the action of the chromic acid.

A large and growing trade in white chrome leather coated with

pyroxylin has developed as the result of the following method of pro-

cedure. By treatment of chrome-tan leather after separation into

the usual three splits with dilute oxalic acid in the presence of sul-

phuric acid, the light-green color of the leather is changed to a veiy

light fawn—almost white. By pressing out the sulphuric acid and

oxalic acid hydraulically, and immediately afterwards immersing

the skins in a bath containing calcium carbonate in suspension, whirh

is being rapidily stirred in order to prevent settling of the carl)onat«',

the latter penetrates the skin, combines with the sulphuric and oxali(^

acids, forming white precipitates of the oxalates and sulphates of

calcium in the interstices of the fiber, and gives to the leather a per-
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manont white color throughout. The carbon dioxide cvolveil oh the

result of the interaction oi)enH the "|K>res" of the leather and niake«

the subsequent penetration of a pyroxylin solution much less diflfieult.

After complete union of the calcium and aci<l, the leather is taken

out of the bath, wiushed until neutral, stretched on frames and dried.

When dr}', the sup<'rfluous oxalate and sulphate is dusted from the

leather surface, when it is foun<l that the entire leather substance is

of a pure white color. By .smoothing this surface with pumice, and

applying a G-8 oz. pyroxylin .solution containing a small amount of

castor oil to increa.se the pliability, a glos.sy white leather results, of

gn'at strength and suppleness. Before the above process was evolved

it was customary to take the light-green chrome-tan leather, and

coat it with a pyroxylin composition containing a white pigment in

suspension. It was found, however, that so many coats were required

to completely cover the green shade, that the film of pyroxylin and

pigment combineil was so thick as to crack with great ea.se, and if

the number of pyroxylin coats was decreased, the covering power was

correspondingly diminished so that the green color of the chrome

would often show through the superposed opaque white coats. Infants'

white .shoes ami the other uses of white leathers except ladies' gloves,

have l)een fields in which this class of coated leather has found a ready

u.se. As might be inferred, the wearing qualities of leather coated

with pyroxylin free from pigment are much superior to that in which

the white color is applied with the pyroxylin, due to the general fact

that any inorgam'c solid in a pyroxylin coating composition rapidly

reduces its adhesiveness and tensile strength.

Preparation of Patent and Enameled Leather. I'^ntil quite

recently, the great bulk of the enameled and patent leather produced

for the market w'as still manufactured by the original process of using

boiled lin.seed oil in the several coatings, the first coat containing a

pigment to impart the desired color, the final coats consisting of linseed

oil prepared with driers to form a readily flowing and glo.ss-giving

vaniish. The process Ls slow and laboriou.s, for between each coat,

the .surface is smoothed or "pummied " by polishing with a piece of

pumice stone. The coatings were exposed outdoors to sun and dust

to complete the drj'ing process, and even with the utmost care a great

many sides of leather when finished were of but second quality by
re.-uson of <lefo(ts in the finished article.

The !i(l\ ant ages of pyroxylin coating as compared with the above,

are ea.se and facility of manipulation; elimination of ".sunning" and

exposure to dust, the ab.sence of sunlight for a jX'rio<l not impeding

the process; diying at a low temjx^raturc which can \w readily con-
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trolled; and the production of a gloss and luster on a hard surface and

one in which the coefficient of expansion is low, so that the greatest

defect in patent leather—that of cracking on exposure to sudden

changes in temperature—is in a great measure obviated when the coat-

ing is properly conducted. It is customary to dye the leather black

before coating.

The process of coating leather with nitrocellulose is comprised in

the following three distinct steps: (1) boiling the linseed oil; (2)

preparing the pyroxylin solution and incorporating it with the oil;

and (3) the actual coating and finishing of the leather. A complete

process is herewith outlined in which the latest methods and the

reasons therefor are given, and which may be considered as fairly

representative of the most successful present-day methods.

Boiling the Linseed Oil.^ A convenient quantity of oil, say 100

gal., is placed in an iron oil-boiling kettle mounted on wheels and run

on a track so that the kettle and contents may be run on and off the

fire, coke or wood charcoal being preferably used as fuel. An oil-boiling

thermometer is attached to the inside of the kettle, which should not

be over half filled with oil. After the fire has been started, the tem-

perature of the oil has arisen above 100° and frothing due to escape

of moisture in the shape of steam has subsided, the driers, previously

mixed in a portion of the oil some hours before, is added in small por-

tions and thoroughly stirred in.^ One-half oz. raw umber and § oz. Chi-

1. The essential point in boiling linseed oil for this and similar purposes is to

keep the heat sufficiently low so as to start no destructive distillation to " crack
"

the oil, but simply sufficient heat to induce polymerization of the glycerol esters

of the oleic, linoleic, linolenic and m>linolenic acids present, and induce the forma-
tion of metallic oxide combinations with the unsaturated acids above nameil. If

the temp>erature is kept moderately low, and the oil is constantly stirred to eliminate

the decomposition products of glycerol, as acrolein, the polymerization of the unsat-

urated fatty acids is accelerated with the formation of complex substances which
more rapidly absorb oxygen. The nature of the dryer added appears to be of

less moment than the proper combination of that drier with the fatty acids pres-

ent. On storing linseed oil, the moisture and mucilaginous matters gradually sul>-

side, certain oxidation processes are carried on in the oil, and it thereby acquires

a higher value, especially in the preparation of varnish similar to the above. Such
oil, often kept for years, is called " tanked " oil, and its suitability for pyroxylin
combination is determined, in a measure, by heating the oil in a test tube, when no
mucilaginous matter should separate and the oil should remain clear. This
" mucilage " consists of pectinous products, phosphates and sulphates (G. Thompson,
J.S.('.I., i903, 22, 1005). To facilitate settling, the oil may he refine<l bv treatment
with 1-3% sulphuric acid, when a charre<l mass forms which subsides and takes with
it the bulk of the impurities. The refining processes by treatment with ozone
apparently have not been successful. In resplendency and elasticity of film, it

is the general opinion that oil settled and clarified by time makes the most satis-

factoiT coating compositions. See " Linseed Oil Boiling for Enameled Leather."
(J. S. Wolf, U.S.P. 632163, 1899.

2. In the proportions named, the driers apparently go entirely into solution.

I/ead has been found unsuitable, as oil boiled with litharge or other lead com|>ound
is prone to crack, perhaps from a continuation of the oxidation process after being
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nese blue, per gal. will give satisfactorj' results.' The heat is contin-

ued, stirring preferably being continuous, the increase in t<.'mperature

being at the rate of about 10° each 15 minutes until a maximum of

275** has been reached. The oil by this time will usually be of the

consistency of thick molasses ;2 if not, heating is continued, always

with continued stirring, and in order that the temperature may not

rise alx)vc 275° the oil is taken off the fire and stirred until the tem-

perature has been reducetl a few degrees. These successive " heats,"

as they are termed, are continued until the proper viscosity is obtained.

The kettle and contents are then removed from the fire, covered and

left at rest until the temperature has fallen to 100°, when 20% (by

volume of original oil taken) of amyl acetate is added at once,^ and

thoroughly incorporated with the oil. The cover is again replaced

and the contents left to cool to atmospheric temperature, when it is

removed and filtered through a paper filter in a plate-filter press,

after which a sample of the oil-amyl acetate when placed on a sheet

of glass and interposed between the observer's eye and sunlight, should

show an entire absence of solid particles or granulations. The mixture?

is then tanked until ready for use.

Preparing the Pyroxylin Solutions. In general, the nitro-

cotton—which, when dissolved 6oz. to the gal. in amyl acetate 60

parts, benzine 40 parts, has a viscosity about like that of rape oil—is

considered most suitable. There has been much investigation as to the

best combination of solvents, the highest authorities agreeing that the

amount of amyl alcohol (refined fusel oil) should not be far from

20-22^
t . But little wood alcohol and no acetone or ether are used.*

applied to the leather. Large amounts of driers are not only unnecessary, but
harmful.

1. " Chinese blue " is a complex ferric ferrocyanide of variable composition.
2. Com, peanut, rape, hemp, and mustard-seed oils all appear to be inferior

to linseed for this purpose. Chinese or Japanese wood oil, although probably the
most readily oxidizable oil known, is of no value in pyroxylin coating compositions,
for in lx)iling, if the temperature of 125° is reached in the boiling process, the oil

may suddenly solidify in the kettle. See process of W. Blakeman, Uii.P. 767682,
IIKM.

3. The acetate should l)e added quickly and stirred thoroughly so as to cool
the mass as soon as possible and thus minimize evaporation of amyl acetate. If

the oil is left until cold before the addition of acetate, the mixture may appear
slightly granular even after filtration, whereas when a<lded hot. a j)erfectly homo-
geneous liquid will result. The tests usually applied are to take a small portitm
of the oil from the kettle on a spatula, and testing its " stringing " qualities l)etwe<»n

the thumb and first finger. In .some works 5-10% of the amyl acetate is sulv
stituted by turpentine.

4. All on account of rapid evaporation due to low boiling point. A successful

coating composition must be sufficiently slow in evaporating so that when applieii

to a large skin the operator will have sufficient time to thoroughly and profjerly

cover the i<kin before the solution has evaporated to such a consi.stency as to make
q>reading difficult from the tendency of the composition to " rub up." This is

a most important point in the preparation of tlus class of pyroxyhn solutions.
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Benzine 02° B6. is preferable to the lower boiling 71° Be. fraction.

The amyl acetate should be preferably rectified and the higher boil-

ing-point fraction used, and this should be practically free from

propyl acetates.^ The dyestuflf is one of the modem spirit-soluble

nigrosines of the highest concentration, and hence free from dextrin

and appreciable amounts of salts. The dyestufT is filtered after first

dissolving in a mixture of equal volumes of amyl acetate and benzine.

A typical coating composition would possess about the following

composition

:

Pyroxylin S oz.

Amyl alcohol 26 fl. oz.

Amyl acetate 70 "

Benzine 62° sufficient to make 1 U. S. gal.

The amount of nigrosine required will depend upon the brand and

strength of the dyestuff and the depth of shade required. The coat-

ing composition should be made up a few days before use ^ and

preferably paper-filtered through a plate press.^

The oil (containing 20% amyl acetate) is mixed with the pyroxylin

solution, by adding the latter to the former and not the reverse. The

proportions vary with the different coats, being higher in oil with the

first coat, and free from oil in the final coat, where a hard surface is

desired. Satisfactory results have been obtained where the first coat

consisted of 1 part oil mixture, 3 parts pyroxylin, and the second coat,

For the same reason the amyl acetate should l)e high boiling and reasonably free

from lower acetates, and benzine 62° is preferable to 71°. No doubt, also, the fact

that best results are obtained with a preparation high in amyl alcohol is due in a
large measure to this fact, although the latter, it will be remembered, is an absolute

non-solvent of nitrocotton. With solvents of high boiling-f)oints as outlined

above, when the usual amount of composition is spread over a large skin (about
',i ounces for a skin aggregating 15 square feet) the same can be manipulate<l and
brushed in thoroughly without sufficient loss of solvent to make the lacijuer difficult

of brushing or spreading, or causing the composition to granulate and roll up on
the leather.

1. Because American fusel oil is first water-washed and the lower alcohols

thereby removed, American fusel oil acetate is of higher boiling-point than a sim-
ilar nnxluct made from German and Russian oil, in which washing out of the lower
alcohols is not compulsory. See Chaptor VI.

2. When a pyroxylin solution is allowed to stand a few days the finer insoluble

particles apparently combine into larger ones, for it is noticed that a freshly pre-

pared .solution does not filter as readily or clearly as one which has been allowtnl to

stand.
3. Two points of importance in determining the suital)ility of a given pyroxylin

solution for leather coating are freedom from " specks " (clearness) aiul mi.scibility.

The former is of great importance because each sf>eck means a " pinhole " or small
excrescence in the leather when the coating is applie<l, the.se pinholes often l>eing

the weakest points in the leather covering and hence the place which breaks first

in wear. Therefore, the advisability of paper pre.ss filtration. The lack of a&tiir

factory coating results undoubtedly are often due to overlooking this point.
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1 to rcspectivoly. It is con-sidcitMl b<»ttcr practice to mix oil and
pyroxylin s<'Voral days In^fon' use.'

Applying the Compositions to the Leather. The principal

|K)int to ri'cognize in coating is the fonnation of a fdm at the same
time flexible, yet hanl antl tough. These two as applie<l to leather

coverings are entirely antjigonistic, i.e., the tougher the coating the

less flexible will it be, and conversely, any increase in the flexibility

will l>e a flecri'itne in the strength -of the coating product. In coating

leather for a definite use or purpose^ it must Ix; decided how much
one will concede to the strength of the leather covering to obtain the

gn*atest flexibility. The fact that a compound of pyroxylin is hard

and bends with difficulty does not necessarily imply that flexibility

aiul €»liusticity Are thereby decreased. Admitting that the non-<lrj'-

ing and some of the drying vegetable oils added to coating composi-

tions lessen the strength and durability of the applied coating, it fol-

lows that the greater the amount of oil originally presimt in the leather,

the greater will Ix* the difficulty in obtaining a tough exterior coat.

The condition of the leather before coating, therefore, is of extreme

imjKjrtance in obtaining uniform and satisfactoiy results. In apply-

ing any leather covering, the composition must first obtain a hold on

the leather substance itself as a basis for the building up of successive

coats into a satisfactory' whole. If the first application does not

ailhere with the requisite firmness, it is evident that successive coats,

while they may completely unite to the next preceding coat, yet

the whole coating may come oflf en masse, due to defective adhesion

of the primarj' layer. Therefore the first and most important point

in pyroxylin leather coating is the formation of a sufficiently firm

foundation, as a nucleus upon which successive layers may be built.

It is also of great importance that each coat should Ix* thoroughly

tlritnl before the next is spread upon it, else the new solvent will cut

through into the under coats, and pull them from their anchorage, the

result being a loosening of the entire coating layers or the formation

of " pinholes " due to uneven evaporation of .solvent.

1. To judge whether the mixture is perfectly homogeneous, a small amount
is alluweil to run off from a glass plate and the plate interposed l>etween the
obsjerver an<l the light. If the oil and pyroxylin nave not combine*! properly,
the mass will appear slightly granular. No specks should lie visible to the naked
eye. If such can be dctecte<l the oil-pyroxylin mixture should \tc paper-filtered.

It is unnecessary to state that these solutions must l)e carefully prot<»cte<l from <lust.

It is stated to lie a common practice when the oil and pjToxylin solution go
together with difficulty, to atld a small amount of acetic or nitric aci<l (not over

0..')9c) and stir vigorously, when the oil-pyn>xylin mixture will often lose its granular
appearance and l)ecome homogeneous. The rea.son for this is not apparent to the
wnter. and the free acid must materially decrease the viscosity of the mixture,
if the latter is allowed to stand for any great length of time before tiae.
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The leather is first soakctl, tightly stretched on frames by tack-

ing until dry and with the skins still on the frame then placed one at

a time on tables preferably covered with glass. The hide is carefully

smoothed out and thoroughly and vigorously brushed in order to

remove any dust or extraneous particles which might interfere with

the smoothness of the coating or the firmness of its attachment. The
brushing also superficially roughens the surface and presents a better

surface for adhesion. A small amount of the oil-pyroxylin solution

wliich has been warmed to 30-32° is taken up on the side of a lilunt

knife called a " slicker," the amount depending on the adroitness of

the workman to thoroughly incorporate the mixture in the hide before

evaporation is carried to a point when the pyroxylin begins to precip-

itate out. The mixture is thoroughly and evenly rubbtxl in the hide

surface until apparently no more can be assimilated. This amount
will vary within wide limits, depending on the size and receptive nature

of the hide.^ A brush is not suitable for applying this coating, as the

penetration cannot be as thoroughly carried out when brushed as

when actually rubbed in. After partially drj'ing on the table, the

hide (still fastened in the frame) is placed over steam pipes in a frame,

the temperature of which does not rise above 35° and left to dry

usually for 24 hours. The surface is then lightly smoothed with

pumice stone in order to " polish off the nap," before the second

qoating is applied. ^ This coating, as stated, contains about half the

amount of oil of the first coat, the solution being brushed on with long

bristle brushes, less often with a sponge. Wherever places appear

in the hide which seem to have been coated too lightly in the first

operation or which were pummiced off too closely, a la'^ger amount

of coating material is applied, a primary object of the second coat

being the formation of a uniform, smooth base upon which the final

coat may be flowed. The leather is allowed to remain on the table

until the coating has " set," when it is " ovened " or dried as before.

This coating is not to be considered as sufficiently dried if a smell of

solvent can be detected when the film is peeled off with a blunt instru-

ment. In some methods, two intermediate coats are given, being

spread on quite thinly, but if the first coating has been properly applied

and the resulting surface uniformly smoothed, the second coat when

dry will present a smoothness such that when the final coat is brushed

over, and dried, the surface produced when viewed by reflected light

will be entirely devoid of undulations or solid particles. In enamel

1. The more porous the hide, the less fluid and heavier the pyroxylin sohition

applied, and conversely.

2. Visual examination of a hide is the Iwst criterion of the amount of coating

solution to be applieil, which skill comes only by ex|>eriencc.
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leather tlio final coat is usually pyroxylin without oil, while in patent

leather, where the highest gloss is desirtnl, a small amount of linseetl

(til is added to the pyroxylin solution. This last coat should l>e (juite

thin, and contain sufficiently high boiling-point solvents, so that when
applied to the leather surface the final coating will admit of repeated

hnishing without showing the brush marks, and will ultimately flow

out to a highly glossed cveu surface. On the other hand, the final

•at must, however, Ik? applied with such dispatch that the former

I oats arc not sufficiently softened by the solvent so as to rub up
in the brushing-out process. After a final drying, still at reduced

tt iiiiH i:itu!< , the leather is taken out of the frame, and if not quite

(lexihle enough a coating of lin.seed or castor oil may be given the

under side of the hide.^ The fini.shed leather should not be cut and

worked up before a week after coating, to give plenty of time for

tlie last traces of solvent to evaporate and the coating to assume

the maximum hardness. This process with properly tanned hides

nd <lue attention to details results in the formation of patent and

(riamel leather which should fully withstand the rigorous requirements

of tlu' trade. " Linseen," " cellulone " and " patentoi'd " are trade

names for linstMMi oil-pyroxylin leather-coating compositions.

Production of Colored and Fancy Coatings. The color, a

dyestuff- (preferably), or a lake, is added to the inner coating com-

positions. Wherever possible the leather is dyed the color desired,

> that the coating material may be free from dyestuff or pigmcHt,

»th of which, especially the latter, materially weaken the pyroxylin

film. The lake or pigment is first ground in a small amount of the

vegetable oil used, or if a dye, is dissolved in wood alcohol and amyl

acetate and filtered before use. Otherwise the coating processes are

the same as previously described. The coating operations for goat,

calf, siieep, and various other hides do not materially differ from the

descriptions given above, any variations depending rather on the

thickness of the leather and its compactness due to the tanning or

eliroming processes, rather than to the origin of the pelt,

1. Or the under side of the coated skin may be slightly " fat liquored " by
lubrication of the fillers with degr^s or other oil.

2. .\inong the single acid dyestufTs suitable for dyeing vegetable-tanned leather
n-, azo yellow, phosphine. chrysoine, Indian yellow R., naphthol yellow S.,

il)a yellow, turmeric yellow, fast acid yellow for yellows; solid-, acid-, fast-,

rcsorcin-, dark nut-, and acid-browns, mikado brown B., for browns; scarlet R.,

crocein scarlet 3 BN., orange 2, mandarin G., l)ordeaux G., atlas oningc, and fast

red A., for reils and oranges; guinea-, acid- and light-green, and erioglaucine for

greens; acid- and formyl violet; Bavarian-, marine-, and solid-blue; among, the
basic dyestufTs are: chrysoidin. vesuvin, rheonine, and bismarck browii; auramine
xanthine, candla, coriphosphine, paraphosphine and acridine yellow; methyl,
mr>thylcne. solid and malachite greens; safTranine, fuchsine, rhoduline and Russian

! the iiu'thyl and crystal violets.
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The Coating of Furs and Skins. The unusually heavy dcinaiids

made on the fur industries for coats and cloaks, mainly attributable

to the rapid rise in the use of the automobile, hjis brought out a. proc-

ess for the treatment of the flesh side of tanned furs in order to

increase their warmth. This consists in treating the fur with a plural-

ity of pyroxylin coats, the number and nature of the coatings depend-

ing somewhat upon the source of the fur and its relative cost. Ordi-

narily four pyroxylin coats are applied to the fur after tanning. If

the garment is to consist of but few pelts or pieces, the cold-proofing

is best done on the skin in the raw state, that is, before being worked

up into the garment. If, on the other hand, however, the garment

is to be composed of many pieces sewed together, best results are

obtained by applying the coatings to the finished garment, that the

thread holes and places where two pieces are sewed together may
be filled with the pyroxylin as well. In both instances the solutions

and number of applications are the same. If the pelt as a whole is

to be coated, it is spread over a hard smooth surface, usually a glass-

covered table, and a coating mixture high in castor oil first applied

of a composition somewhat as follows:

Castor oil 1 6 oz.

Pyroxylin 8 "

Commercial wood alcohol, 97'/,' 30 "

Amyl acetate 30 "

Refined fusel oil 25 "

Benzine 02° sufficient to make 1 gal.

The pelt is usually first thoroughly moistened with a mixture of equal

volumes of wood alcohol and amyl acetate, to make the skin more

receptive to the pyroxylin and induce deeper penetration of the fluid.

While still moist, the first coating is applied with a stiff brush and

thoroughly worked in, until apparently no more will be taken up by

the skin substance. Then a heavy coating is placed on the inner side

of the fur, and the whole allowed to dry at ordinary temperatures in a

fairly drj' room, which requires from 24 hours upward. Drying is

completed at a temperature not exceeding 50°. It is very essential

that this coating be thoroughly dry before the next one is applied,

that the subsex|uent coat may not too deeply cut into the prior one.

In order that the coating composition may be insecticidal, naphthalin,

camphor, salicylic, benzoic and ciimamic acids and other insect-

repellant chemicals may be dissolved in the wood alcohol used in the

coating composition. The use of naphthol and naphthalin has to be
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piardetl against, for these often affect the sha<les of the (JyestufTg

with which the fur has been colonnl. The second and sub^quent

« oats are sutetantially alike, and differ from the first or " prime "

coat in iKMng entirely ivvc from oil. Tliey arc applied in a similar

manner. It is sai<l that by means of this pyro.xylin coating process,

hut little additional weight is added to the skin, while the warmth
of the garment is incrcasetl very materially, and the life of the skin

in many instances greatly prolongctl.

Vo improve the wearing qualities of tanned boa constrictor and

(illuT .serpent skins and the skins of certain fish as the shark, all of

which find ready sale, they are preserved from wear and a gloss is

imparted to the skin, by coating both sides with a 5-6 oz. pyroxylin

solution containing from J-J oz. arsenious oxide per gal. of solu-

tion to guartl against the ravages of insects. When arsenic forms an

ingredient of the coating mixture, it is usual to dip the skin in a final

olution of pyroxylin containing no antiseptic. Ornaments and

t'ticules made of skin thus prepared can be cleaned by washing with

oap and warm water.



CHAPTER XIII

ARTIFICIAL FILAMENTS

Of all the textile fibers, silks are the simplest in structure, most

perfect, and most highly prized. This undoubtedly accounts for the

fact that the silk industry is one in which production has n( \( i Ix en

in excess of a constantly increasing demand. It is therefore (juitc

natural that with a subject so alluring financially, many early endeavors

were made to prepare substitutes which would possess in a high degree

the desirable properties of luster, elasticity, and strength, properties

so highly prized in natural silk. It was reasoned that the silk fiber,

being devoid of cellular structure and consisting ])riniarily of the

.solidified liquid contents of the glands of the silk worni,^ would In-

apt to offer a much more inviting and remunerative field for specula-

tion and experiment in attempting to imitate it artificially, than

would the more highly organized fibers of cotton or wool.

It would only be necessary, it was reasoned, to project an acceptable

liquid of known viscosity and total solids thiough orifices of a desired

diameter, and thus form filaments which, like those of natural silk,

must be in.soluble in water and of sufficient strength and elasticity

1. Of other artificial filaments may he mentionetl spun fi;I&^> which may l>c

formed by rapidly drawing out a gla-ss hmI heated until soft. As spun glass may be
prepared from colored glass, the product may and has been used for the pro«luction

of colored fabrics. Dresses made entirely of spun gla.ss were exhibited at the

C'olumbian Exposition of 1893. In consequence of the low ela.sticity of gki.^,

the commercial value of textiles so produced is practically nil. Such fabrics rapidly

become disintegrated on account of the brittleness of the fil>er. the minute particles

of glass which are continually separated from such fabrics l>eing highly injurioiw

when inhaled. The curly glass wool used for filteritig purposes is pr<Kluce<l by
drawing out two gla.ss rods of unequal hardness to a double capillary thread. (>n

cooling these curl up on account ot their different coefficient of expansion. From
very early times silver, goKI and other threads have U^en used in the decoration

of royal fabrics. The so-called Cyprian gold thread, famed for its l)eauty and per-

manence in the Middle Ages, is now protluced by covering flax or hemp with ^old

foil. When molten slag is projected against a steam blast, the slag is blown into

a very fine fil)er, used as a nacking material and for insulating and fircprcKjfing

purposes. Asbestos is probably the l)est known of the mineral fibers, l>eing a
douole ma^esium calcium silicate containing iron and aluminum. .\sl>est(W

fibers are difficult to spin in themselves, but when mixed with cotton it is readily

woven into fabrics, the cotton Innng removed by afterwanls heating the fabric

to incandescence. Asbestos is difficult to dye, the albumen and substantive dye-

stuffs being most applicable.

4M
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to admit of spinning unci wtaving without Hcrious dotorioration.

The entire problem is compris<'<l in the foregoing sentence, and as

yet it has not boon solved in two particulars, viz., a solution has not

Ix^Mi found which would immediately set to a fiber of the required

8trt>ngth when a liquid is projected into the air as it occurs in nature,

all efforts so far having had to rely on liquids to coagulate or set the

thread. Secondly, from a chemical standpoint, the fluid present

in the gland of the silkworm differs only from spun silk apparently

in being a liquid, because as soon as it is artificially removed for pur-

pases of analysis, it becomes hard and identical with the spun fila-

ment. Much research has been expended—as yet without material

succes.s—on the subject of utilizing silk waste and noils by converting

them into a solution without altering their chemical nature or physical

deix)rtment, and work with them along methotls similar to those u.sed

with coUotlion solutions. The mechanical portion of the probleni

appeared to be merely the formation of threads by forcing the liquid

through the orifices into the coagulating or solidifying media, air

being the least expensive and most readily obtainable. Up to the

present time, however, all the artificial silks produced have been lack-

ing in flexibility and strength, and their present increasing |K)pularity,

and hence consumption, are mainly dependent upon the fact that in

lu.stcr and appearance they equal, if not exceed, that of the natural

product. It is probable that the extreme brilliancy and softness

in feel are the two factors which prolonged interest in the artificial

product, until sufficient research in other directions led to improve-

ments which gradually eliminated or decreased the other objection-

able features, and caused such a demand for the yarn in comparison

with the possible supply, that the price of the artificial silk for a time

actually exceeded that of the real material.

The rise and development of the artificial-silk industry are an enu-

meration of difficulties overcome and ingenuity displayed in fonimlat-

ing ways and means whereby some form of ' cellulose, usually cotton,

may be formed into a fluid and attenuated into merchantable fila-

ments, and strikingly exemplifies the fact that man has learned to apply

practically the lessons taught by Nature. It was Reaumur who in 1734

first explained intelligently the methods of the silk-worm in form-

ing silk, and conceived the idea of accomplishing the same result

artificially. R6aumur showed that silk was the product of certain

(flands located on the under side of the body of the silk-worm, and

that a portion of the albumen of the silk-worm's food is transforme<l

into fibroin and secreted in the glands. It therefore was quite

natural that he should have propounded the question whether it
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would not be possible and practicable to spin other semifluid mate-

rials, such as, for example, certain varieties of pitch, into thin

filaments and thus produce a silk-like substance (!(iually as serviceable

as the fibroin of the silk-worm. It appears that Reaumur's time was

undoubtedly ripe for theoretical discussion and sfX'culation, but it

wjus not ripe for the purpose of overcoming the technical difficulties

presented, both chemical and mechanical. It waa not until one hun-

dred and fifty years had elapsed before sufficient combined experience

had been accunmlated to attack the problem in a succes.sful manner.*

1. As stated in Sci. Am. Suppl., No. 1446, p. 2317;i, of a truiislation from
Prometheus:

"Silk fil)er is distinguished from all other fil)ers l)y the circumstance that it

is not l)uilt up of cells, but constitutes a congealed (luid streani. This stream is

produced by the silkworm, by discharging the contents of its glands through minute
oiHjnings. As it comes into contact with the air the .silky sul)stance solidifies,

thus pro<iucing a thread which can be continuously spun on until the gland is

exhausted. If the same result is to be prtxluced by the means at our (lis|)osal,

it would l>e necessary merely to discharge a suitable fluid from its containing
receptacle through a very fine outlet. We should then reproduce the exact process
carried out by the silkworm, and we should then form silk. But at this stage

ol)stJicles are encountered, which R^iaumur, although he did not clearly recognize
them, still suspected their existence. To use his own words: 'It will Ije imiK)ssible

to produce as fine threads as arc produced by the silkwonn, but it should not l»e

impossible to spin out varnishes into threads of sufficient fineness.' In this state-

ment the great technical difficulties of the problem are clearly indicated.

"That a fluid stream can be congealed can hardly Ijc doubted; but the task
consists in ejecting a stream of sufficiently small diameter. A stream is produced
because every fluid luis a definite cohesion. But fluids arc .subjected to the law.s

of another force besides that of cohesion, and this force is the force of superficial

tension, according to which every fluid constantly tends to asssume the form that
will most uniformly occupy space. This form is a globe. The greater the ma^s
of the fluid, the greater will 1^ the cohesion; the smaller the ma.ss the great<'r

will be the superficial tension. For this reason every fluid stream, which is nothing
more nor less than a cylinder of infinite length, will tenil to divide itself into drops,

that is, into individual globules. The finer the stream, the greater will Ix; the
tendency to produce globules. When streams of extreme fineness are pnxluced
it is not possible to prevent the formation of globules. Careful obser\'ation of a
stream of water emerging from a pipe will prove that, as the stream Injcomes finer,

a ring-like furrow will lie produced, whicn gradually approaches the pipe outlet

and (iisappears in a drop.
"The superficial tension must overcome the cohesion, and the cohesion varies

with different fluids. For this reason some fluids are particularly well adapteti
for the formation of drops. The resistance which a fluid opposes to the tendency
to form drops is called its viscosity. Fluids which have a very low viscosity, such
as ether, can hardly be made to form a coimected stream. On the other hand,
very viscous fluids are not easily separated into drops. It therefore follows,

that it would not Ix; possible to produce artificial silk from every congealable fluid;

but that it would be nece.s.sjiry to employ a viscous fluid which, as it is ejectctl

from a fine o^wning, will form a continuous stream.
" .\ l)eautiful example of the utilization of physical processes in pnxlucing arti-

ficial silk is offere<i by the manufacture of shot. Most metals in their molten
condition, despite their high specific gmvity, have a low viscosity. A stniim i»f

metal, therefore, is easily separated into iniiividual drops which solidify as they
cool off. Mercurjr is an admirable example of a metal of small vi.sct»sity but of

enormous superficial tension. If molten letul l)e poure<i through a sieve n)tat<«<l

on top of a tower, the streams of fluid metal immeiliately separate into drops which
are congealed and solidify before they reach the bottom. \ large niunljcr of
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The idea was resuscitutcd in ISSo by Aiidemars of I^usanne, who
combined nitratetl niuH)erry branches with rubber, and formed a

solution which he drew out into a thread.* Apparently he con-

sidered that cellulose nitrate made from nmllierry—the food of the

silk-worm—nmst possess peculiarly desirable properties. C'rookes,

Wist.. 11,2 Swan,3 Swinburne,^ and F. Wynne and' L. Powell,* were

the next to reyiye Ute subject of the use of nitrocellulose ft)r artificial

threads, which they di<l almost simultaneously in endeavors to pro-

iUirv electric light filaments by impregnating nitrocellulose with

rare earth oxides, and who used resp<'ctively cellulose nitrates dis-

solved in glacial acetic acid, nitroglucose made plastic by heat, and

cellulose dissolved in zinc chloride solution. All used alcohol to

coagulate the fomwHl thread. The commencement of artificial silk

formation \\\M)1\ which the modern imlustries have arisen may Ik?

said to date back to 1884, when Count Hilaire de Chardonnet tleposited

a s«>ale<l tlocument with the French Academy of Sciences, which, when

oiM'ne<l on Nov. 7, 1.SS7, bore the title " On an Artificial Textile Mate-

ruvuui halls of U-jul, in otlicr wonls. sh<)(, is the rpsult. The opposite of that which
occurs when lca<l and mercury stn^anis anr separate<l into drops must U> accom-
nlisheil by the fluid which is to yield artificial silk. In other wonls, the fluid mu.st

l)e viscous. But since viscous fluids flow slowly, and since superficial tension is

overcome by causing the particles of the fluid to move forward m the given direc-

tion, it is not enough simply to press the fluid out of an opening in onler to form
streams o^ sufficient fineness. The superficial tension would simply lead to the
formation of drops. This can l)e provetl by pouring a solution of rubl)er, which
is very vi.««ous, into a vessel provide<l with a very small hole. Out of this hole
there would emerge not a stream, the iliameter Oi which would correspond with
that of the hole, but thick drops which cUng to the vessel. If the hole Ik? fine

enough, this drop may congeal through vaporization, thereby closing the hole
and preventing tne egress of further drops. .\ fluid of lower viscosity, such as
water, would flow out of the vessel in a short time iu a fine stream.

" In onler to allow viscous fluids to flow out of the vessel in a fine stream, the
pressure of the fluid must be in some way increase<l. This can Ijc done by assi-sting

the pressure with suction. If the drop of rubber had been touched with the finger

at tne moment when it was forme<l, and the finger then withdrawn, the rubljcr

solution would have followed in the form of a fine thread. This is the process
employetl by the confectioner in spinning taffy or candy. _.\nd this is also the
process employe*! by the silkworm in spinning silk. For the creature secures the
first drop which emerges from the glands to .some object, and assists the natural
pressure of the sulwtance by moving its hea<l hither and thither."

1. E.P. 283, 1855. His process consisted of reducing the young branches of

the mulberry tree to a paste, bleaching and purifjnng it, finally transforming the
paste into an explosive sulwtance (prolmbly nitrocellulose), dissolving this sub-
stance in a mixture of alcohol and ether, then adding an ethereal solution of
india-rubber previously treated with ammonia, and transforming the viscous
liquor so obtaine<l into a thread. The thread was spun by means of a simple
point of steel, which was dipped into the mixture and tnen drawn out. This pomt
drew out a viscous thread which rapidly dried, and which he then wound on a
l>obbin.

2. Electrician, 1887, 18, 287; E.P. 4458, 18S2.
3. DR. P. 161780; 1884; E.P. 3021), 188*.

4. Electrician, 18S7, 18, 256.

5. E.P. 16805, 1885; abst. JJS.C.I., 1886, 5, 172.
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rial Resembling Silk." His first patent ^ was taken out Nov. 17,

1884, and contained a description of the process of preparing nitro-

cellulose and squirting an ether-alcohol solution of it through

minute apertures into the air. From this point the development of

the four main branches of artificial filaments—nitrocellulose, cupram-

monium cellulose, zinc chloride solutions and gelatin and similar

materials, omitting viscose and cellulose acetate described separately

—is perhaps more properly considered under their respective head-

ings in a later portion of this chapter.

At first the idea appeared to be to produce an article as a direct

competitor of natural silk, but with increased knowledge this is l>eing

gradually discarded. The lack of strength and wearing qualities

of the artificial material have lessened liability to competition and

replacement of the natural product, and instead has created chan-

nels of consumption of its own. In a great measure it has been the

means of creating new uses for lustrous silk-like threads, e.g., for

ladies' wear, trimmings, hats, and woven with silk and cotton in the

production of mixed goods. Natural and artificial silk are mon*

and more occupying distinctive fields, in which new industries arc

increasing for the use of the latter product. It is not exaggeration

to say that the artificial-silk industry is creating an entirely now

class of fabrics, which, except in a few cases, have not taken the place

of natural silk at all. The general progress from the original highly

inflammable films of Chardonnet to the denitrated and regenerateil

final cellulose filaments of the present time, and which resist the

disintegrating action of water, have been achieved by very careful

research and by distinct steps, as hereinafter enumerated.

The name " Artificial Silk " is rather a misnomer, for with the

1. F.P. 165349, 1884. For recent improvements in the manufacture of arti-

ficial silk see Wordle, Text. Ztg., 1892, 53. Ind. Text., 1892, 423; Hanausek.
Chcni. Zeit., 1894, 18, 441; Sill)ermann, Mon. Text., 1894. 9, 51; Herzog, Lehne's
Farl). Ztg., 1894, 6, 49; Truchot, Muster Ztg., 1897, 4«, 535. J. Pharm., 1897,

«, 400; Mon. Teint., 1897, 41, 214; Levy and Ernst, Lehnes Farb. Ztg., IIKM),

11, 135; Pfeiffer, Oest. Chem. Ztg., 1900, 3, 57; Suvem and Herzog, Verb. V.
{k;w. Abb., 1903, 224; Zeit. ang. Cbem., 1903, 16, 600; Rev. mat. col., HKXi, 7.

269; Ind. Text., 1903, lU, 69, 143; Text. Mfr., 1903, 21). 2(K): Moss, Ibid., p.

147; 1904. 30, 13; Witt, Verb. v. (Jew. Sitz. B., 1904, 71; Lebnes Farb. Ztg..

1904, 15, 222; Text. Mfr., 1904, 30, 99; Farb. Ztg.. 190.1, 40, 6vS8; Bellet, Rev.
ind., llKXi., 37, 428; P. Hoffmann, Ind. Text., 1906, 22, 1581; Ublands Trade
Rep., 1906, 6, 28; Text. Rec., 1906, 31, 5, 90; Wedurbake, "Silver Caoutobouc
Silk," Pbarm. C-entralb.. 1906, 47, 862; W. Massot, Ztnt. ang. Cbem., 1907. 20.

4.37; F. Beltzer, Mon. Sci., 1907, fi8, 181; C. Scbwalbe, Zeit. ang. Cbem., 1<K)8,

21, 2401; II. Sillwrmann, Rev. g^n. mat. color., 1908, 11, 186; \. Colin, Rev.
g^'n. Chim., 1<)09, 12, 40; J. (Jilpin, Am. (Miem.. J., 1910. 43. 469; H. de la Coux,
Rev. g<5n. sci., 1910, 21, 2a3. Sec also U. S. Daily Consular and Tratle Reports, N<».

331.-), Apr. 20, HK)8, p. 11; 3198. June 10, 1908, 16; 3.3.50, Dec. 8, 1<)08, 7; 3431,
Mar. 17, 1909, 10; 3488, May 22, 1909, 8; 3532, July, 15, 1909, 7; 3658, Dec.
U. 1909, 12.
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exception of gelatin and cat«ein sillcs, which have not reached any con-

siderable degree of commercial success as yet, these artificial fibers

differ from the natural in being of vegetable and not animal origin,

as shown by their analysis and especially their behavior towards

dyestuffs. Cross and Bevan have suggested the compatible name
" i.ustracflluloee," J. Cain that of " Celvis," and O. Guttmann " Lus-

tro.so." ' These names are intended to comprise artificial fibers as a

class, inx^sjK'ctive of their composition. " Cellose," " Silkosc,"

" Silkoid " and " Fibro-silk " have also been suggested. As in the

expansion of any industrj', all methods were not feasible and s<'veral

companies were undoubtedly formed to work processes which had

little chance of commercial prosperity.

A. Chaplet ^ has rt^cently revived the subject of modern attempts

t(» {noduce artificial tissues as entire pieces of fabrics without weav-

ing. Millar, Drouinat, and others have attempted to proiluce such

cloths (liri'ctly, but as yet with but little commercial success.

Nitrocellulose Silks at the pR^sent time are easily the most

inijMjrtant, both from the amount - produced in comparison with the

other methods and from the fact that it was the first filament pre-

pared commercially in large amounts. The Chardonnet methods,

witli their modem refinements, are the most largely worketl, the sys-

t. iiis of Lehner and Du Vivier probably coming next in importance

ill the order named. Methods of solvent recover}' a4.1mitting of a

hi;:h })t i(«'ntage of solvent regenerated and which were apparently

first perfected in 1909 and 1910, will undoubtedly exercise great

influence in the expansion of the production of filaments with a

cellulose nitrate base. The luster may be increased according to A.

Palmer 3 by strongly compressing the moistened material at a high

tjinix-rature, by passing it lx»tween heateil cylinders at a spee<l suf-

ficiently great to leave the material still wet after treatment.

As a class, the nitrocellulose silks dissolve in concentrated sul-

phuric acid and also in chromic acid; cold concentrated hydro-

< liloii( a( i<l is without effect, but on applying heat the silk is speedily

(li'stroyed; with concentrated acetic acid the filx^r rapidly swells up, as

also in concentrated caustic alkalies and Schweitzer's reagent, but is

not dissolved.

lotline and sulphuric acid colors the silk a blue; Vetillard's reagent

a retl which Ix^comes blue on washing; and chlorimlitle of zinc a

violet blue. Millon's reagent readily dissolves collodion silk even

in a cold solution.

1 I -(I., IIKK), 28. 1302.

- ll<:v. g^n. mat. color., liKW, 14, 14. 3. F.P. 408303, 1909.
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Chardonnet Silk (" Besanfon Silk," " Pr^s dc Vaux Silk," "Tubize

Silk," "Xitro Silk," "Frankfurt Artificial Silk"). Although his first

patent wa.s taken out in LSSi^ little conmiercial progress was made
until after the Paris Exhibition of ]ss!), wlicrc, notwithstanding

the high inflammability of the product, tiie samples exhibited received

a Clrand Prix and excited nmch curiosity and admiration.^ Char-

donnet not only worked out methods of preparing acceptable cellu-

lose nitrates for artificial filaments, but evolved and perfected the

engineering detail connected with the mechanics of spinning and
fwistiiiL; the filament, and laid the foundation in a mechanical

way for all those who have followed. He put into execution methods

of transferring a liquid into a marketable thread in considerable

quantities, and in this was distinctly a pioneer. The first experi-

mental plant was located at Spreitenbach, Switzerland, but in

1893, due to interesting certain French capitalists, the experimental

plant \\:is icinoNcd to Besangon, France, where a long, tedious s( ii( >

of exj)eriments on a conmiercial scale were carried on, which are

reflected in the patents periotlically issued, and which culminated

in success. After the expenditure of vast sums of money in surmount-

ing tiie obstacles—mostly mechanical—the plant became a noticeable

commercial factor in 1899. From this time onward, progress was

rapid and assunnl.-^ The original plant at Besangon started with

an output of 50 k. a day in 1891; it had reached 1,5(X) k. in 1}K)4,

and 1,800 to 2,000 k. in 1907, and seems to remain at that figure in

1910.

1. F.P. 165349, 1S84; the other Chanlonnct imt<-iits arc F.P. 172207, 1885;
199494, 201740, 1SS9; 203202, 207(i24, 208405, 1890; 216156, 216564, 1891;
221488, 225567, 1892; 231230, 1893; various renewals of the foregoing; E.P.
6045, 1885; 2210, 2211, 1886; 5270, 1888; 1656, 5376. 1890; 19r)60, 24638, 1891;

24638, 1893; D.R.P. 38368, 1885; 46125, 1888; 56331, r)6655, 1890; 64031. 1891;
81599, 1893; U.S. P. 394559, 1888; 410104, 1889; 455245,460629, 1891; 531158,
1894; Swiss P. 1958; 2123; 3667, 1891; 4412; 10506. It.P. 17844, 265, 1885;
and First Addition thereto dated Jan. 5, 1887; Span. P. 7849, 18vS5; and Certificate

of .\ddition thereto dated Jan. 20, 1886; Belg.P. 68890. 1885; Aust.-Hung.P.
31310, 1885. See also Chardonnet, C.R., 1887, 105, S''^: 1^^9, 108, 962; see
Pji.s<,ualis, It.P. 22846, 31932, 1892.

2. The first apparatus actually used by Chardonnet is .shown in a phot«gnipli
in "Fabrication cie la soic artificielle parisicnne," published by T. Foltzer in 19();{.

It is quite fitting that France, which has the silkwonn industry .so firmly e.stal)lished

in the southern section, shoukl foster and develop this artihcial proiluct. It has
l)een stated that the instrumentalitv of L. Psusteur in saving the sdkwonn fr«)n«

threatened extinction by his bacteriological n^searches at a previous peritnl, may
have intcnsihed the confiilence of the French people in .supporting this projixrt

through experimental vicissitudes to satisfactory rommercial realization.

3. As an example of the peculiar difficulties encountvre<l in attaining con>-

mercial success may be mentionc<l the failure of the English comimny, due, it wjis

then .said, to local atmospheric conditions, the actual solution prejmred in Francis

refu.siiig to .spin at the English (Coventry) factorv. In the U. S., lalK)r and tariff

conditions were the two factors which tlotorrcd the French company from starting

an American branch.
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In the original Chardonnct process the iiquitl pyroxylin coni|X)untl

use<I to produce the weavable threads coiwistt^d of pyroxylin and
a mixture of equal volumes of ether and alcohol.' The former was
prepared by taking 1(X) gm. pyroxylin, 10-20 gm. of a metallic pro-

tochloride reducer (iron, chromium, mangane.se or tin) and 0.2. gm. of

an oxidizable base such as quinine, aniline or rosaniline. For some
mixtures 40% ether and 00% alcohol was found to yield the most
satisfatrtoiy results. In order to prepare the liquid in the bt^t con-

dition, it was found preferable to dissolve the pyroxylin in the largest

jX)rtion of the alcohol and ether, and in the rest of the solvent to dis-

solve the chloritle, organic base and coloring matter (if any), the

two solutions being subsequently mixed.2 The nature of the pyroxylin

1. H. Wyss, Leip. Farb. Ztg., 1898, (9), 47, 3(»9; Pap. Ztg., 1898, 28, 3824,
386.3; Ji5.C'.I. 1S87, 6, 139; 1888, 7, 206; 1889, 8, rm, 611; 1890, », 28l>; 1891,
10, 359; 1S95, 14, 267; 1898, 17, 918. See Moyat, .Mon. Teint., 1892, 36. M.

2. Where the pyroxylin was dehydrated by pressing ratlier than by the first

method of dr>'ing until no further amount of moi.sture was removed, the pres.se«l

cake containing on the average 36% water, was intriMluced without further (Irj'ing

into horizontal slowly-revolving, tin-lineil, cylin<lricAl iron dnmis, and there treat<^l

with the solvent in the proportion of 100 1. combine<l ether-alcohol to 22 k. nitro-
celluU>se calculateti on the dried product. The alcohol ustnl Ijeing 9.5%, and esti-

mating on a 36% moisture content in the pyroxylin, would give the spinning
mixture an equivalent of about 7% water. This amount of water would increase
the viscosity of the solution greatly, and was one factor contributing to the employ-
ment of high pressure to force the fluiti through the orifices. The mixture of pyrox-
ylin, alcohol and ether is slowly agitated for fifteen to twenty hours and then
torceil under a pressure of 30 to 60 atmospheres through a layer of carde<l cotton in

specially constructed filter presses. This consists of a cylindrical vesst'l of aintut
UK) I. capacity, the filtering material l)eing placed on the l>ottom, and consisting
of a layer of absorbent cotton 10 to 15 mm. diameter, and inclostnl l>etween two
sheets of fine silk, which in turn are encompassed by two sheets of tinned wire gauze
of 1(X)-120 mesh. The pressure required is governed by the speed of filtration desire<l,

the pressure lacing increased as tne filter clogs in order that the volume filtere*l

in a given time will \ye uniform, irresjiective of the state of the filter. From these
it passes direct into the storage tanks, which are of al)out 5,000 1. capacity, anil in

which it is allowed to "age" for what reason the author is not aware. It would
appear to l»e more rational to allow the "ageing" process to take place l»efore

filtration, for upon standing the small insoluble particles tend to agglutinate
together and a solution left to rest some time filters more readily, anfl clarifies more
completely than a pyroxylin which lias more recently Ixjen brought into solutioi .

.\ll the metallic parts of machinery, pipes, and tanks with which the pyroxylin
solution comes in contact are tinne<l, and great care is taken throughout to avoid
leakage of ether vapor. According to the Soc. Anon, pour la Fab. de la Sole de
("hanlonnet (F.P. .3.5439S, 1905), the filters consist of cotton wool wrappeil in

muslin, and rapidly become impregnated with pyroxylin, owing to the evaporation
of the solvent, and have to Ik? renewed. Filtration is thus a burdensome ojx'ration,

as the cotton wool and musUn are expensive, and the old cake<l filters have hitherto
f>een bunit as a useless and possibly dangerous by-product. The process
d<'scrilxMl is for the recovery of the cotton wool an<l muslin by treatment of these
'• filter cakes." Any solvent for pyroxyUn or denitrating agent may \ie employed,
but tlie best results are obtained by treatment at 70-90° with a 0.5% solution of

s<Klium or potassium cart>onate, or a 2-5% solution of an alkali sulphide. In this

way the pyroxylin is dissolve*!, and may l)e removed with ease by a single

washing with water. The cotton wool is left unaltered, an«l after l>eing drie«l,

and if necessarj' recombetl, may lje directly use<l again for filtering; or it mav !«
nitrated. The dark-brown solution of the pyroxylin is evaporated, and the residue
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used and the elasticity and strength one desires to realize in the threads

produced from the fluid, will necessitate some variations from the

general formula given above. The viscous liquid after filtration

is drawn into threads by forcing through an orifice of about 0.5 mm.
diameter in such a manner that the minute fluid stream, as it emerges

from the spinneret, enters into a cold liquid such as water, which imme-

diately coagulates and solidifies its exterior. The filament then

presents the form of a tube or sheath, solid on its exterior and inclos-

ing a central column of liquid which has not yet solidified. This

filament, on account of its liquid interior, may be drawn or spun out

into a fraction of its original size, provided the drawing operation is

conducted before the interior of the filament congeals. After attenua-

tion, it becomes solidified through its entire substance, this solidifica-

13 calcine<l and converted- into cellulose. The net cost of the process is stated
to be insignificant, the plant rudimentary, and the labor practically nil. The
operation may be carried out in any ordinary bleaching kier, and a particular form
of the latter is described. From the storage tanks the pyroxylin solution is led

in pipes still under pressure to the spinning room (see Fig. 120), where it is dis-

Fio. 120.—Conversion of Collodion into Artificial Silk (From Sci. Am. Suppl. No.
1150, p. 18470).

tributed in smaller tubes running along the spinning frames. These small tul)03

are providetl with a number of reservoirs each of which ends in the small glass jeta

above mentioned. Where the nitrocellulose thread passes at once into a liquid

coagulating me<lia, as water, the process is spoken of as "wet spinning," whereas
in the later processes, in which water is added directly to the spinning solution

by means of^ incompletely dehydrated pyroxylin iMjing U8c<l, the formed threail is

coigulated in the air, this Iwing known as "dry spinning." In onler to form a
thread, three or four of the original filaments are spun together, the further tn>at-

ment of the pnxluct l)eing analogous to that of natural silk, vvnth the exception
of the denitration process, applied before weaving.
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tion being hastono«l by causing; ji circulation of warm air through an
inclosed chamlMT in which the fihiment« are n^eled. \s the Char-

donnet apparatus is the standard upon which subsequent mollifica-

tions have l)een based, it is given in detail in the note below.* In

1. The apparatus is shown in Fir. 121. and in which appears a transverse sec-
tion of the apparatus. Fig. V^2 is a front elevation of a |>ortion of the apparatus,
the Ik)x or casing of the spinniuK apparatus InMng in vertical st-ction. Fir. 123 is

an enUirge<l fragnuMitary section answering to Fig. 121, and .showing tlie spinniuK
•levices. Fig. 124 is a fragiuentary fnirit elevation of the parts shown in Fig. I2:i;

I
I )(' Chanlonnet Apparatus Fig. 122.—De f'hardonnet .\pparatus for Making

lot MaKjnj; .Vrtificial Silk. (Trans- Artificial Silk (Front Elevation),

verse Section). « i

a plan of the nippers fr, shown in Fig. 123 on the same enlarge<l scale, and afrag-
mentar>' plan view of. the clamp h shown in Figs. 123 and 124. Fig. 125 is a side

elevation of the appamlus.
The collodion solution, having been well filtered, is pl4|ed in a closed vessel

or receptacle, A'. (Shown in Fig. 125.) This vessel is hne^ or coated interiorly

with tin, and from it Iteds a pipe, A, which pa.sse8 down toward the lower part
of the machine and entfrs horizontally into the same, as shown in Fig. 122. This
p.pe is provided with ^ valve or stopcock, B, to regulate the flow. The cloeed
vessel or reservoir is furnished with an air pump (not shown) which maintains
in it a pressure of from two to three atmospheres, m order that the collodion hiiuid

may be expelled with safficient force to effect the spinning of the filaments. The
pipe .4 extends througl^ the entire length of the machine, wherein it is inclosed

or partly surrounded by a water jacket, C, in the manner l)est shown in F'igs. 121

1 and 123. In this water jacket, the walls of which are of thin metal, cold water is

i^ caused to circulate. The pipe A carries all the vertical spinners or nozzles through
which the liquid is forcetf out to form the filaments. These spinners or nozzles

// are arranged in a row equidistantly along the top of the pipe .4. Each spioner
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gimeral, the method may bo descrilxid as capillary spinning organs

is made up of several parts, as l)est shown in Fig. 123. On the top of the pipe A
is a thickened l)oss, b, in which is fomiwl a threa«Jed hole, and into this is screwetl

a socket, c, in which is fixed a vertical tube, d, a thin packing, e, of rubber, vul-

canized or not, iKjing interpo.se<l around the tul)e d to make a tight joint.

To the upper end of the tul>e d is connected a flexiljle tul>e,/, of soft india-rubl)er

or other impenneable material which cannot be attacked by the solution, and to

the upper end of this flexible tul)e is connected a tube, i, of glass or other suitable

material, the upper end of which is reductnl to form a contracteil nozzle or nipple.

Aroujul this nozzle is arranged a gla.ss tube, j, which is held by a clamp, k, attacnetl

rigidly to a vertical slide u. This slide o extends downwardly and passes out

beneath the inclosing case of the apparatus and its lower portion, which is toothed.

t -^^^^>^^v.̂ ^^^^\^^^^^- '

Fig, 123.—De Chardonnet Apparatus for Making Artificial Silk, Showing the Spin-

ning Devices.

is engagcfl by a pinion, p, which is turned by a knob, q, at the front of the appa-
ratus. By turning this knob the slide o, clamp k and surrounding tube / are raiaeil

or lowered, while the nozzle tul)e i remains at the same height. Cold water enters',

by a tulx?, I', Fig. 121, and is conducted by a flexible rubber tube, /, and the lateral

branch ;' into the interior of the tul)c / and arountl the nozzle tul)e i. The water
that thus flows in ascends around the nozzle tul>e, runs over the top of the tuln' /,

and runs (lown. being finally caught in a trough or gutter, I), Fig. 121. The flt»w

of water is controlletl by means of a screw damn, tn, which pinches more or li'ss

the rul)l)cr tulx; /, and thus reduces the size of the stream that passes through it.

The clamp m is operated from the outside by means of a knob, n, at the front of

the apparatus. In like manner the flow of the colliHlion li(juid through the flexible

tulx'/ is regulated by the clamp /i, which is adjusted by a screw, ^, which extends
out to the front of the machine, anti is providetl with a knob, n'. P'lg. 124 illustrates

this clamp in detail. Its construction is identical with the clamp m. Onlinarily
the inclosing tulw j extends higher than the nozzle tulx* /', as sliown in Fig. 123, so
tlmt the collotlion liquid on being forced out through the nozzle enters a body
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surrounded by a water-filled tube, the working orifice of each spinning

of cold water held in the tulie /, and is caa<)ed to pass through this water until it

reaches the level of the top of the tube ;; but when the machine in not in use it
is dediral>le to cUwe the nozzle, and it is also desirable that there shall lie no wat«r
al)ove it which miRht enter it. For this punxMe the slide u is lowere<l by tuniing
the knob </. thereby lowering: the tube ; until the level of the water therein is lM>neath
the orifice of the nozzle. The same movement acts, by means of a link, r, to draw
liown an arm, a, pivote<l at a', the extremity of which carries a .slop|)er or \uu\,

which on lieing thus l<rwereti closes said orifice in the nozzle and prevents the
-•ilidificati^Ht of the solution in the capillary tul)e by the action of the surrounding
air or by the water. The flow of water ia shut off at the same time by turning
the knob n.

Fio. 124.—^The de Chardonnet .\pparatus for Making
Artificial .silk.

Fig. 12.r—De Chanlonnet
Spinning Devices (Side
Elevation).

In the operation of the machine the minute stream of t;ollodion liquid on
jing from the nozzle is carried up through the tul>e / by the ascending stream
t-r. Ijeing solitlifietl at the same time, and its end hangs or falls over the out-
; the tube /. The loose end of the filament thus formed must then be gra-sped

irried to the reel in order that the .spinning operation mav commence. To
i.li-h this result the following mechanism is provide<l: The reel (.shown at

121 and 122) is arrange<l in the upi)er part of the apparatus, with its wind-
t>ver the row of spinners or nozzles //. .\ long l»ar, I)', extends longi-

lutliiuilly in front of and a little alx)vc the row of nozzles and is fixeil at each end
to an ell)ow-lever, E. This bar />' carries a series of nippers or gra.sping fingers,

•t' to each noziie. These nippers are l)est shown in rigs. 123 and 124. Each
r is formal of two elastic spnngs curvwl as shown in side view in Fig. 123 and

f
•lull in Fig. 124, and adapted to embrace the inclosing tube / of the nozzle. Both

t the springs are fastene<l to the l)ar I)' by one screw. The end p«)rtions of the
:'riiies are coated with soft india-rubljer, not vulcanized. In Fig. V£.i the nippers

-liown as engaging the tube /. If the bar f)' were to be moved to the left in

iKurt', the springs wouUI yield and the nippers woukl free themselves frcmi
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organ being surrounded by a pair of tweezers which transfer the fila-

the tuljc, at the same time engaging the overhanging end of the collodion filament.

The bar D' is given such a movement tliat the nippers d travel first to the left and
thou, having freed themselves from the tuf)e j and grasped the filament, sweep
upwardly and over the top of the reel K in the path indicated by the dotted line

XX in Fig. 121, thereby carrying the end of the filaiment up over the reel and enabling
the reel to engage the filament and continue thereafter to draw it out. The speed
of movement of the bar D' in its a.scent and the speed of rotation of the reel A are
so proportioned to the rate of di.scliarge of the collodion from the nozzle that they
act to draw out the filament to the proper degree of attenuation. In onler to

fr(H! the nipjjers from the filament after they have carried it over the reel, there
is provided a revolving bru.sh, J , the bristles of which encounter the nippers when
the bar D' reaches its extreme upper position. By this means the nippers are
cleaned. The bar D' is moved up and back two or three times per minute. At
the completion of its downward movement its nippers vv spring over and embrace
the gUuis tubes jj. During the upward movement of the bar its nippers carry thi

Fio. 126.—De Chardonnet Apparatus for Making Artificial Silk.

filament between horizontal guide pins, xx, which are arranged in a series corre-

sponding to the numJH'r of nozzles, antl the function of which is to separate the

filaments emerging from the respt^tive nozzles. .\l)ove the guide pins ix there

is arrangetl a series of inclined guide pins, yy, as shown in Fig. 121 , which are arrange<l

in pairs, with the two pins of a pair converging, as shown in Fig. 122. The effect

of this arrangement is that as the nippers carry the filaments up, the latter are

first caught l)ctween the pins xx and tnereby held distinct and parallel and the

group of three filaments enters between the extremities of one pair of pins yy,
and in l)eing drawn down to the parallel portion, the three filaments are united
to f«)rm one thread, which is then wound upon the reel.

The peculiar movement of the bar D' is imparted to it by a special combi-
nation of levers. ,\t the commencement of the operation of the machine a fila-

ment will Im" forced out of reach of the nozzles //, of which there may Ik* any number,
and will flow over the top of the tul)e / of each nozzle. At the first movement
of the bar />', carrying the nipjiers, the filaments will Ik* grasjjetl by the nippers

autl elevatwl over tnc reel, and will then lx> engaged by the reel, af*pr which they
will Ih> drawn or spun out without interruption. At the second movement of

the bar D' the nippers will engage any filaments that may have lx»en missed at

the first movement, and will atld them to the reel. Thereafter, although the

movement of the bar />' continues, it is without effect so long as no interruption
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Hicnts to lx)bbina from which they arc reeled oflf for the subsequent

^•curs in the spinning of the filaments; but whenever a filament breaks the nippers
. which eni$(iJ(e the noulr corresponding to that filament, will grasp the over-

liunging end of the severe*! filament and carry it up over the reel again, whereupon
the interrupted filament is reunited by adhesion with the others of ita group. At
• ;vch ascending movement of the l)ar U' the nippers are cleaned by theorijsn J.

In onler tliat the successive turns of the thread on the reel shall not be wound
u|H)n them-selves they cross angularly from side to side, thereby facilitating the
ilryiiig of the threads. This i.s accomplished by imparting to the reel, in addition
to' its rotar>' movement, a longitudinal reciprocatory movement by means of the
.Ifvice shown in Fig. 122. A pulley, L. driven at suitable spee<l, carries a crank,
which i.s connected to a pitman, \, which in turn is coupled to an oiler l>ox, O.
This 1m)x is mounte<l on the shaft P of the reel, Iwing confined there<m between
collars *j, so tliat the shaft i« free to turn within the box; but as the Ikjx is moved
endwise the shaft is carrietl with it. The shaft P may be rotate<l by a belt passing
over a pulley, /**, or by any other means. The pulley P' is connected with the

-Improvpfl Chardonnet Proc-
ess lur Artificial Silk Manufacture.

Fig. 128.—Improved Chardonnet Proc-
ess for Artificial Silk Manufacture.

<lmft by a key and groove, so that the shaft can slide freely and still be rotated
i.y the pulley. The pulley is prevented from sliding with tne shaft by means of

-i which embrace its rim, the fingers being supported by the bracket which
rts the pulley L. (See Figs. 122 and 125.)

ihe entire apparatus, with the exception of the regulating knobs, is incloseil

in a suitable tight Ikjx or casing, T, provide<l with glaze<l openings QQ, through

which the operator may look in order to oliserve the operation of the machine.

These may he openetl in order to regulate or clean the apparatus. A current of

air Is caused to circulate through the box, T, entering at ft and pa.ssing out at ^S.

For fhu* purpose a fan or blower, S', Fig. 125, may be pro\i<led. This air, which
which should l)e heated to almut 30° C, serves to dry the threa<ls and carries

away with it the spirituous and aqueous vapors which are evaporate*! within the

casing. These vapors are subsequently recovered by passing the air through

water or through a refrigerating machine. The air is then reheate*! an<l reintro-

iuwHl at R. It thus circulates continuously. The alcohol and ether are separated

irom the water by rectification, or by fractional distillation, anil serve, without

iK'ing separato<l from each other, for dissolving the pyroxylin for forming the

collodion solution.
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treatments. The object of the introduction of metallic chlorides

The improved Chardonnet process is shown in Figs. 127 to 130 inclusive, in

which the collodion solution, well filtered, is introduced into a closed vessel (not

shown in the drawings) in which an air pump maintains a pressure of from six

to twelve atmospheres. This vessel, suitably lined inside, communicates through

a stop-cock with the pipe A, which carries the .spinning dies, and extends the whole
length of the machine, being arranged underneath the casing F, which incloses

the spinning and reeling mechanism. The pipe A, as shown in detail to an enlarged

scale by Fig. 129, has three internal compartments, the central one B, which
holds the solution and forms a conduit for conducting it to the spinning dies, and
the two side compartments, C and C", for circulating water around the central tube
B. Each spinning die consists of a tube a, on which is soldered a capillary tul)e 6.

The lower end of tulie a communicates with the sleeve c screwed into the pipe A,
the mouth of which sleeve opens into the conduit B. A screw union d holas the

die tube to the sleeve, making a tight joint by two washers of leather or the like,

Dressing between them the lip e at the lower end of the tube a, as liest shown in

'ig. 130, and constituting thus a detachable coupling for uniting the die a to the

i-<^=

Fig. 129.—Improved Chardonnet Proc- Fia. 130.—Improved Chardonnet Proc-
ess for Artificial Silk Manufacture. ess for Artificial Silk Manufacture.

supply tube or sleeve c. The outflow of the liquid from the conduit B into each
of tne die tubes is regulated by the conical end / of a screw pin or rod h, which
enters the lower end of the sleeve c, and by means of an adjusting head l)eneath
can be screwe<l more or less through the stuffing-box j on the under side of the

f)ipe
A, so as to diminish or increase the area of the passage through which the

iquid flows into the die tulje. The valves thus construct«<l enable the flow to
the separate dies to l)e regulated with great nicety, and in connection with the
detachable couplings provide for the shutting ofT of the flow from any die tliat

may Ixxjome clogged, and its removal and replacement without interfering witli the
spinning from the remaining dies. These valves are made of metal or other material
not acted on by liquid, and their adjusting heads project l>eneath the casing F,
where they are readily accessible and within easy reach of the operator. .Vrountl
the upp<'r part of each die tube is a casing k, supported l)y the fixed plate /. which
extends along the machine. The casing A; supplies cold water at the end of the
die tube, this water l)eing supplietl from a pipe /), which has a branch with stop-
cock E to each of the ctusings k. These stop-cocks, which are ma<le of metal,
regulate the flow of cold water in which the filament is submerged as it issues from
the die tul)e a, insteail of regulating this flow by the compression of a rubl>er tube,
as formerly. The overflow water runs into a glitter F".
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and alk'iloids was to reduce the inilainniahility,' hut this having

iK'cn found ineffective, hiter gave way to denitration of the nitro-

celhil" •>< - I II a subsequent process, the diameter of the spinnerets (glasH

tubes called " silk wonns ") is reduced to about 0.08 mm., this neces-

sitating increase of pressure to 50-(iO atmospheres in order to force

tli< .solution (containing fioiu 10-20% cellulose nitratt;) through

the spiiiiiing orifices, at the desired rate of flow. Whereas at first

a pyroxylin dried until no further loss of weight occurs was taken to

prepare^ the fluid used in spinning, it was subsequently found that

this solution wa.s so high in solvent as to be difficult to dry without

contortion of the fiber. The pyro.xylin, therefore, instead of being

dried—which was a source of considerable danger—was dehydrated

by pressure and used while still containing from 30-40% of water.

As the result of the adtlitional water left in the pyroxylin, it was

found that exposure of the formed filaments to air at a temperature

of about 50** was sufficient to eliminate the solvent from the filament,

and this obviated the necessity of washing in water, which often caused

the thread to become opaque and decrease in tensile strength.^

1. U.S.P. 41{M(M, 1889; F.P. 188301, 1888; E.P. 5270, 1888. The spinninR

apparatus v>ixs originally so arranged that the emerging threads were plunged
into water containing 0.5% nitric acid, but this acid wash was soon found to be
-•^uperfluou-s. Usually 500 m. is the length wound on each reel, the thread being

then taken off and brought together to a skein. Definite knowledge is lacking

aa to the amount of solvent evaporated per unit weight of silk obtained in this

process. E. A. Mangin, representmg the Chardonnet .\rtificial Silk Co. in .\merica,

at the hearings befoYe the Committee on Ways and Means of the U. S. House of

llcpresentatives, 59th Congress, First Session, Feb.-Mar., 1906, p. 68, testified

tlmt the French company used ethyl alcohol denatured with ether, having found it

ini[K>ssible to employ wood alcohol; paid 40-45 cents per gallon for the alcohol;

could produce Chardonnet silk in the United States with denatured alcohol for

$1.25-1.50 per pound; that 1-1.5 gal. alcohol are used per lb. of finished "silk"

manufactured. This amount appears excessive if the pyroxylin produced is of low

viscosity, as undoubtedly the nitrating process would be adjusted to produce a
very fluid pyroxylin from the economical point of reducing to the mimmum the

amount of solvent required.

2. Chardonnefs method of denitration (U.S.P. 410404, 1889; F.P. 188304,

1888) is to maintain the pyroxylin at 30°-35° in a bath of nitric acid of density

of about 1.32, the complete transformation being recognize<l either by analysis,

solubility test or by observing the commencement of softening of the pyroxylin

fillers. See U. S. C<mi8u1's Report No. 150, Mar., 1893, p. 402; abst. J.S.C.I., 1893,

12, 516.

3. .\fter spinning, the filament still contains a small amount of alcohol and
water, being entirely dried by hanging in the form of hanks in a closed chaml>er

and exposing to a powerful current of air heated to 45°-50°. Of the finer ({ualities

of the fiber, '220.000 m. weigh but 1 k. Hork and Druge obtain more uniform

results by the use of a less aqueous pyroxylin than described by Chanlonnet.

Turgard (F.P. 344845, 1904) dissfjlves 100 gm. pyroxylin in a mixture of 2,400 cc.

aleoiol 90-95% strength and 600 cc. glacial acetic acid. After the pyroxylin

has be«i dissolved there is atlded 5 gm. castor oil and 3 gm. albumin, when the

mixture is ready to be formed into filaments.

According to C.R., 1889, !08, 961, the sulphited pulp of young wood is used

as the source of cellulose, l>cing first disintegratcfl in a carding machine in onlcr

to form, a light and very bulky fleece, similar in appearance to cotton waste. After
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The artificial silk manufactured by the Chardonnet factories

after proper bleaching and drying under tension is at least as white

as natural silk, and has been claimed as even whiter, when both are

compared in a Lovibond tintometer, or an F. Ives colorimeter. It

possesses in a smaller degree the characteristic crackling rustic of

natural mulberry silk, but feels somewhat firmer than this. Accord-

ing to the statements of the inventor, its density is equal to 1.49, while

that of Grege silk is 1.66, and of boiled mulberry silk 1.43. Accord-

ing to Herzog * the sp.gr. is about 13% greater than natural silk.

Chardonnet gives its strength of flexure as 25-35 k. per sq. mm., about

20% less than boiled silk. The elasticity is about that of natural

silk, the extension of the threads amounts to 15-20% and the real

elasticity to 4-5%. Herzog makes the following comparison of the

drying at 140-160°, the hot mass is immersed in the nitrating acid in earthenware
vessels. Comparative experiments have shown that nitrocellulose prepared from
wood pulp, while it gives a more fluid solution when dissolved in alcohol and ether,

the product obtained after spinning has an inferior tensile strength and is stated

to lack the luster and purity of color of the filaments protluced from cotton as the
source of cellulose. It is claimed (E. Opfermann, E. Friedemann and Act.-CJes.

fiir Maschinenpapierfabrikation, F.P. 402462, 1909; E.P. 10604, 1909; D.R.P.
219085, 1909; abst. J.S.C.I., 1909, 28, 1270) that the impurities in wood pulp
which limit its application in the manufacture of artiflcial filaments and nitro-

cellulose may be extracted by boiling the cellulose pulp under pressure with
a solution of sodium carbonate at a concentration of 0.5-2%, with the addition,

if the case seems to demand it, of small proportions of alkali hydroxide or sul-

phide. Or else the pulp may l)e boiled with a solution containing 10 gm. of calcium
oxide per J. By this treatment incrustations, wood gums, and resin are dissolved
and at the same time, in the subsequent bleaching, a saving of about 50% of the
bleaching agent is realized, .\ccording to the property of the filler employed
the concentration of the alkali lye is about i-2%, heating for about three to
six hours at a pressure of about 2-3 atmospheres. A small addition of caustic
alkali or alkali sulphide increases the softness of the product without weakening it.

The manufacture of the glass spinneret tubes, the orifice of which is invisible

to the naked eye, is exceedingly delicate work. The uniformity of the threails

issuing from them is of course dependent upon the exactness with whioh the aper-
tures approximate the same diameter. Class tubes are heated to redness and
quickly pulled out, it being impossible to pull a glass tube out so fine that it will

not have a hollow interior. The glass is cut off as near to the reciuired diameter
as possible with the unaided eye and experience, but are afterwards standanlize<l
by measurements under the microscope with a micrometer, and only those tul)es

accept<Hl which vary within an establishecl limit from the diameter sought, those
of wider or narrower apertures being reject«<l, although the narrow aperture tubes
mav be made to the desired larger internal diameter by carefully removing the
end by grinding on a fine stone. In those processes in which the spinnerets arc
microecopic holes in platinum sheets, they are said to be cut by very fine dies.

It is evident that it must be exceedingly difficult to produce with exactness an
invisible orifice.

The statement is made that in 1907 2,500,000 1. of alcohol were consumed
in the Besan^on works, so that each k. require<i Iwtween 4-5 1. of alcohol in its

manufacture. A k. of 100 denier thread of this silk contains 90,000 m. in length,
or nearly 2,000,000 m. of single filament iis squirtctl from the jets. The selling
price of this product has »x>en given as .iO fr. per k. in 1896, 26.50 fr. in 1897,
and 21.75 fr. in 1898; in 1903 it reached the price of 40 fr. per k., and it may be
taken at 20 fr. in 1910.

1. Lcluie'a Farb. Ztg. 1894-5, p. 49.
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firmness of Chardonnet silk: 60 denier titer, 69 gm. strength; exten-

sion, 155 mm. to 1 m.; 65 denier titer, 83 gm. strength; extension

171 mm. to I m. A Iwilod Minchow woof—une of the cheap<*sl iiHtural

silks—gave 214 gm. strength and 1K9 mm. to 1 m. extension. .Vcconl-

ing to Silbermann ' the following figures represent equal titer: Ileal

silk 38, Tu.s.sah 4.S, Chardonnet 17. Hiardonnet givt's the thickness

of a single thread a.s 12-20 fi. Blanc states the thickness varies from

JlM.j ft, and Silbermann has notice<l threads of 52-60 ft in diameter.

This variation in observations is explicable in the varj'ing thickness

of the individual filaments, due to the tension exerted after forcing

the fluid out of the spinnerets and before coagulation has taken place.

In Chardonnet silk the single filaments are united to a thread of

desired size by torsion only, and without the aid of a cementing agent.

Nitrocelluloj*e silks, like cellulose nitrate, become electrical when

nihlx'd.

F. Lehner's Artificial Silk- differs in many essential particulars

from that produced by the previously described Chardonnet process.

Whereas Chardonnet used viscous solutions and pressures as high

as 60 k. per cm. and with concentrations as high as 20% pyroxylin,

Lehner works with 10% solutions and reduces the pressure mate-

rially by means of the addition of small amounts of mineral acitls

as sulphuric, whereby the viscosity of the solution is greatly dimin-

i>ht(l,* this being attributed to molecular change.* In one modi-

fication of the Lehner process, there is taken silk waste of all kinds,

including the flake waste products formed in the process of spinning

floss silk. These remnants and wastes are thoroughly cleansed an<l

digest<.Hl for twenty-four hours with a concentrated solution of caustic

potash or soda, or cuprammonium oxide, the silk substance being

dissolved. The solution thus obtained is filtered, diluted with water,

neutralized with an acid which slowly precipitators out the silk sub-

stance (a mixture of fibroin and sericin) in the form of fine threads of

a pale reddish color. The precipitate thus obtained is well washed

with colli water, the latter removed and the solid dis.solved in con-

cent rat«(l acetic acid in the proportion of 1 to 5, this constitutinir

1. "DieSiede," 1897,2, 143.

2. For statement on lehner Silk see U. S. Consular Report, Dec., 1894. 538;

al.«t. J.S.C.I., 1895, 14, 83, 405. ('hem. Zeit., 11K)6, 30. 579; 2:eit. anjr. C'heni.,

1906, 1», 1581; WoUen. Z., 1892, 24, 707; C. Bl. Text. ImL. 181M, 2.V 393; .Mon.

Te«t. Ind., 1892, 7, 101. .\lthough Lehner (Iemon.strate<I his process in London,

it waji in Switzerland that he built up the business assfjciated with his name.

3. Ui^.P. 5.S93«)2, 1896; D.R.P. .5.5949, 1889; 58.508. 1890: E.P. 118:n, 1891;

It.P. 271M3, 1890; .Vust.-Hung.P. W062 and 9475. 1891; Swiss P. 3740, 1891

See Koechlin, Soc. Ind. de Mulhousc Sitzungs, 1889, pp. viii-}-22; al«t. J.S.C.L,

1889,8,611.
4. Chardonnet, T.P. 231230, 1893.
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"solution .1." The second solution or B, is obtained by macerat-

ing for fifteen minutes cellulose, silk-paper, cotton or spinning wastes

in an ammoniacal copper solution, the solution being expressed, and

the washed residue nitrated in the usual way. The nitrocellulose so

obtained is now dissolved in a mixture of methyl alcohol or ether

and ethyl sulphuric acid, preferably in the proportion of 3 parts of

the former to 1 of the latter.* The nitrocellulose is di.ssolvetl in this

mixture of wood alcohol or ether and ethyl sulphuric acid in the pro-

portion of 8 parts of the former to 100 of the latter, and main-

tained at 30° for one hour. A denitration of the dissolved nitrocel-

lulose takes place under these conditions, nitrocthane being evolved

and escaping. Solutions A and B are then united in such a way
that 5 parts of nitrocellulose are combined with 1 of silk fibroin, from

which mixture the artificial silk filament is formed by allowing the

Fig. 131.—The Lehner Process of Making Artificial Silk.

mixture to pa.ss through a small opening into a coagulating medium,

preferably oil of turpentine, benzine, benzene, and other liquids free

from oxygen.

The apparatus for carrying out this process is shown in Fig. 131,

in which a represents the tank for containing the mixture of the

solutions A and B. b represents the vessel containing the congealing

or solidifying liquid. A pipe c, provided with a suitable cock or other

regulating device, communicates with the tank a, and is provided

with an outlet or small orifice d at or near the bottom of the vessel b,

through which the liquid mixture from a passes into the liquid con-

tained in the vessel b, below the level of the said licjuid. This orifice

d is located below the level of the liquid in the tank o, so that it will

l)e forced into the congealing liquid under a certain head or pressure.

The liquid from a, as it passes through the litjuid in the vessel 6, is

congealed or solidified and formed into a thread c, which is drawn

1. The ethyl sulphuric uci«l usc<l in the pniorss was ohtaiiunl hy inlxiii); 2 |>arts

jlrung alcuhui with 1 itari bulphuric uciil, 00° B*-., aud gradually heating tu 100°.
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forth from the congt'aling-bath and spun and wound by suitable

niathinery.

Ix'hner has attempted to insure uniformity in his product • by

isolating certain of the cellulas*' nitrates (tri- and tetra-) ami eliminat-

ing the other lower and higher nitrates.^ Sulpliuric acitl is added

to increase the fluidity, a vulcanizctl vegetable oil is incoriK>ratcd in

the nuxture, the who]*» diiisolved in acetone or ether-alcolM)l, and after

spinning, immersing the threatl for a long time in running water,

after which the filament is denitrated with an alkaline sulphide con-

taining a neutral magnesium salt. The denitration is conduct<Kl at

a temperature of 40° and continued until '* the rainbow colors of

cellulose are visible under the microscope in polarized light."

In a later process ^ resins such as copal, dammar and .sandarac

arc made use of in combination with an oil as linseed, together with

nitrocellulose, and an inorganic salt to render the fiber incombustible.

The filament is formed by combining the following three solutions

in the manner stated:

Solution 1 is formed by dissolving 500 gm. finely pulverized resin

(copal, sandarac, or the like) in 2,400 gm. of ether, shaking the mix-

ture thoroughly at a moderate temperature in a well-stoppered

bottle, and permitting the same to stand several days until it becomes

clear. The clear solution is then poured off or decanted and mixed

with 100 gm. linseed oil and then filtered.

Soluiion 2, the cellulose solution, is prepared by immersing silk-

paper, collulose, cotton, or wastes from spinning for about fifteen

1. Ui?.P. 562626, 1896. In order to produce a perfectly homogeneous mixture
of nitrocellulose I^hner found it "necessary to gradually add the cellulose to the
nitrating bath," the temperature of the bath being raised cautiously as the nitra-

tion proceeds. After the completion of nitration, the product is centrifuge<l from
a portion of the nitrating acids, not washed with water, but immediately plunged
into sulphuric acid and again subjected to centrifugal action, the acid-wet resultant

mass being then mixed with a vulcanized oil "for the purpose of maintaining the
otherwise unstable nitro compounds unchanged." The vulcanizetl oil was prepared
by taking a drj-ing oil as cotton see<l, poppy, linseed, or nut oils, treatmg with
half its weight of sulphuric ether in order to modify the reaction, after which is

added sulphur chloride in amounts from 10 to 20%, depending on the nature of

the oil employed, the mixture being continually agitate^l during the slow intro-

duction of the chloride. After a short time a yellow precipitate settles out, leaving
a clear liquid which is decanted and mixed with nine times its weight of the wet
nitrocellulose, the whole mixture l)eing then dissolved in about 5 times its volume
of alcohol and ether. After filtration, this constitutes the raw material from which
the threatls are .spun. In vulcanizing vegetable oils with sulphur chloride, care
must Ik' taken to keep the temperature down to 20°, or better lower, and to use
the minimum amount of chloride, or the resulting pro<luct formed will be insoluble
in alcohol, ether or acetone, alone or combiiie<l.

2. U.S.P. 562732. 1896; 724020. VMi; D.R.P. 82.555, 1894; F.P. 221901,
224460, 1892; 24:}612. 24.3677, IWM; E.P. 22736, 1892; 24003, 1893; 24009,
18W: 2595, 10868. 1896; tsw.P. 4984, 1892.

3. E.P. 20461, 1900.
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minutes in a solution of cuprammonium oxide obtained by dissolving

10 parts sulphate of copper (blue vitriol) in 100 parts of an aqueous

solution of ammonia having the sp.gr. 0.975. The cellulose sub.stanco

is added to the cuprammonium oxide solution in the proportion

of about 1 k. of the former to 12 1. of the solution. In some instances

a 5% alkaline solution, such as a solution of caustic potash or caustic

soda, may be employed in lieu of the cuprammonium oxide solu-

tion. The function of the cuprammonium oxide solution is to

facilitate the subsequent nitration. The mass is then removed from

the bath, thoroughly washed in much warm water, expressed, and

finally well dried. It is then transferred, in as flaky a condition as

possible, into a mixture of 4 parts sulphuric acid having a sp.gr. of

1.84, and 3 parts of nitric acid of sp.gr. 1.4, the mixture being

heated to 75°. It is well stirred in the bath and the acid is poured

off after five minutes. The nitrocellulose so obtained is thoroughly

washed with water, dried, and wood spirits is poured over in the pro-

portion of 9 parts by weight of the former to 1 part of the nitrocellulose.

This mixture is thoroughly shaken until all the nitrocellulo.se has

passed into solution. The solution is then set aside in a cool place

for about eight days, until it has become clear, when it is poured off

or decanted from the sediment.

Solution 3 is prepared by dissolving 100 gm. of sodium acetate

(or of ammonium salts) in 1,000 gm. of dilute alcohol. This solution

of an alkali salt is for the purpose of rendering the resultant fiber or

thread incombustible.

The above three solutions are now mixed so that 1 k. nitrocellulose

is combined with 200 gm. resin, 50 gm. linseed oil, and from 100-2(X)

gm. sodium acetate (or salt of ammonium). The mixture so prepared

forms the ground solution or liquid from which the threads or filx^r

constituting the artificial silk are formed. This may be done by sim-

ply causing the liquid to flow into the atmosphere upon a rotating

cylinder or upon a moving smooth surface, whereby the solvents

are evaporated, leaving a filament of the artificial fiber upon the surface

consisting of nitrocellulose combined with a resinous substance and

oil. In order to produce a thread or fiber having the characteristic

luster and the other prized qualities of silk, the ground litjuid should

not be allowed to j)ass directly into the air but through a fine tube

into a bath of some solvent of the solvents employed in the three

component solutions, consisting of liquids which contain neither

water nor oxygen, which would have an oxidizing reaction. Such

a bath may consist of oil of turpentine, oil of juniper, benzine, benzol,

jH-'troleum, or generally of a licjuid hydrocarbon. Were the thread,
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as it issues from the orifice under the bath, drawn through a solution

or conircjilintr-hath of water or containing watei or oxygen, it would
IK.!

I
)()>>(» till luster and other desirable qualities of the silk. When,

however, the litjuitl is made io pass under a congealing-bath of one

of the al)ove liquids (which is done by causing the liquid to issue

through fine orifices having a bore of h mm., and under a slight pres-

sure caused by having the level of the bath elevated a few centimeters

above the orifices) a thick filament is formed, which may bo drawn
fine within the bath, and be reeled and spun.

The mechanical portion of the process is shown in Figs. 132 and

133, in which letter .1 represents a tank having a gauge a, and adapted

to \>c filled with the mixture described, that should be kept at approx-

imately the same level. The mixture flows out of tube B and trans-

.No. 3.

Fig. 132.—The Lehner Apparatus of Making Artificial Silk.

verse tube D' into a number of smaller tubes c, each of which carries

a cock /. To these tubes there are connected, by rubber couplings, d

the bent glass tubes e, drawn out somewhat to a j>oint and entering

from below a narrow tank G. The glass tubes pass through a proper

packing into the tank, to prevent leakage. The tank G is filled with

the congealing-bath described, such as oil of turpentine, petroleum, and

should have a somewhat lower level than tank A. By this slight

difference in pressure a mi.xture is ejected from tubes e, either in the

form of thick threads or in the form of gradually increasing lumps

that form upon the ends of the tubes. The lump is caught by a wire

and drawn slowly out of the tank G, over guide k, through twister

and guide R upon reel L. This reel thus steadily draws the thread

i out of tank G, the fineness of the thread being proportional to the

velocity of the reel. The thread on leaving the tank is thick and soft,

but rapidly grows thin within the tank. Fresh liquid is continuously
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added through inlet //, while the liquid mixed with the solvent flows

off through exit h.

The threads i may 1)0 united with one another or witli a thread

w of a different material at the tubes or guides A;. The thread m
passes from reel M and is simultaneously reeled with thread i upon
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The thread enters the bore of the tul)e ami leaves the same through the

lateral opening, so that the revolution of the tube causes a twisting

of the thread. This twisting of the thread is permitted for the reason

that the end of the thread at the orifice of the tube e is still in a liquid

or semi-liquid condition and is, hence, not heUl fast at this point.

Upon the tubes are mounted the pulleys p, that are driven by a Ix'lt

(not shown) from the pulleys P. These pulleys receive their motion

from a power-shaft 6 by suitable gearing. The reels L continually

draw the thread through the twi.ster out of the tank G and off the

reel M. Between the reel L and twister a thread-guide R is arranged

which has a reciprocating motion and places the twisted thread upon

the reel in the proper manner.

The threads i m are united in a closed chamber K, which also con-

tains the twister 0, thread-guide R, and reel L. To this chamber

ready access may be gained by means of two hinged windows x and

y. The floor Z of the chamber serves as a condenser for the solvent

still adhering to the threads. The floor is provided with partitions

J), Fig. 131, which accelerate the condensation by presenting a greater

cooling-surface. A large portion of the floor is in contact with a bju^^in

q, filled with cold water, which continually enters at 1 and, when

warmetl, leaves at 2.

The condensed solvent pa.sses from the floor through cooling-coil

3 and is coUectetl at the end. To rid the threads as much as possible

from these adhering matters, a heating-tube 4 is passed through the

apparatus. Through this tube there flows a stream of hot water,

so that the upper part of the apparatus is heated.

Lehner's success appears to be due to the fact that he circumventefl,

rather than overcan e the obstacles which confronted Chardonnet and

his colleagues, his processes being dLstinguLshed for their co i parative

.simplicity, both from a n.echanical as well as a che i ical point of view.

On account of working with lesser pressures than Chardonnet, I>ehner

was enabled to prtxluce finer threatls from a given aperture l)ecau.se

the total pjroxylin in the solution was reducetl about half as compared

with the ('hardonnet methods, and this upon evaporation produce*!

finer thremls, of consequently greater luster. In Switzerland, l^eh-

ner established and built up the large works associateil with his name,

and which daily turn out of the nitro-silk auounts estinated at

alnmt 2,S(K) lb. By using water as the coagulating nuMliun, Ixihner

was able to recover a large portion of the solvents ased. I^hner

silk exhibits a close similarity to the Chardonnet fila'i ent, lx>ing

more regular in outline in cros.s-section, a round, pseu<lo-tubular form

prevailing as the result of the conditions of shrink:igc antl collapse
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of the fiber in elimination of the solvents with the subsequent dehy-

drating. The constants for " breaking strain " both in the moistened

and air-dried condition, in elasticity, resiliency, etc., closely approx-

imates the filament of Chardonnet.

Artificial silk manufactured according to the I^ehner process is

of an even white color, very beautiful gloss, and soft silk-like feeling.

When crushed together it also shows somewhat of the crackle of real

silk. According to Silbermann it is only about 7-8% heavier than

real silk, its firmness being in proportion to that of Italian mulberrj''

silk as 68 : 100. According to measurements of Thiele, a weakly

twisted thread of Lehner silk of 0.5 mm. length, which contained

200 single fibers, broke at an extension of 44 mm. and 1,400 gm. strain.

A weakly twisted thread of organzine of ^ mm. length, which con-

tained 840 singles fibers, broke at an extension of 65 mm. and 1,340

gm. strain. Accordingly the greatest strain for the single fiber was

—for Ix'hner silk 7 gm., for organzine 1.6 gm. The diameter of the

artificial silk was about 2.5 times as great as the tested natural silk.

The fiber should have a 6-fold cross-section and the highest strain

for fibers of oqual cross-section should give the following figures: for

I^hner silk 7 gm., for organzine 9.6 gra. The frangibility for Leh-

ner silk should be about 30% less than that of organzine. Like Char-

donnet silk, Ijehner artificial silk loses firmness by moistening, yet

dyeing causes no difficulties.

According to claims of the inventor and the corroborations of

literature the combustibility of Lehner silk is no greater than that

of cotton.^

1. The following is an official report on the properties of Lehner silk:

Bradford Corporation Conditioning House, June, 8, 1894.
a. The samples submitted to me are purely artificial, containing no filaments

of pure silk.

h. The relative strength, compared with Italian pure silk of the same counts
(4,010 yards to the ounce), is as 68 to 100.

r. Pure silk has but little elasticity, and when stretched does not go back to
its original length; neither does the artificial silk, but its stretching quality (liefore
breaking) is as 73 to 100 relatively.

d. Taken at a denier, measure for measure, the relative weight of the same
average diameters of pure and artificial silk is 7.2.3% more in the latter, which
C(>rrol)orates the relative specific gravities of each.

r. The artificial silk is much evener in counts (taking 20 tests of 10 yanls each)
than any pure silk.

/. The denitrated artificial silk takes the dye in all shades perfectly even and
itrilliant.

f.

It stands Iwiling, washing off, and the use of either acids or alkalies equally
aspure silk.

h. Tiie gloss or luster is equal to the best silk. Its appearance, and therefore
'Iccorative value, is far above spun chappe or coml)ed silks.

i. In its denitrated state it is less infiammal>le than cotton. an«l perfectly safe

for storing in quantity, either raw or »lye<l, antl it is less inflammanle than any
sample of dcnitrateil "artificial silks" we Imve yet tt»st<Kl.

Waltkr Townbnd, Manager.
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J. Du VIvier SUk, also Termed '* Fismes Silk,** was first pro-

(luc't'tl in ISSt) in Franco.* It ha.s Ixn-n dcscrilHHl aa <*tisc'ntially the game
as that of Chardonnet, but a closer inspection of the process will show
that there are many new idea.^ eml)o<lie<l in the methtwls of Dn Vivier.

The nitration of the cotton is carried on with dry p<)tas.sium nitrate

(saltiMtcr) and sulphuric acid, instead of the customary mixture of

nitric and sulphuric acids, and at the comparatively high tem-

jM-ratures of (K)-SO°. The slight solubility of the potassium sulphate

ftiiMHil in the reaction necessitates a larger amount of water in

neutralization than with nitric acid as the nitrating acid, but other-

wise the finished product is the same. The nitrocellulose is com-
liiitd with gelatin or albumen, this being the distinct difference from

the Chardonnet method, by which, chemically, the product more
nearly approaches that of natural silk, the gloss and luster is increased,

but the tendering when wetted is also increased, due to the presence

of the gelatin. A solvent of both gelatin and nitrocellulose is requiretl,

glacial acetic acid being used. The preferred composition consists

of nitrocellulose 96, gelatin or isinglass 2, albumen 2, total 100, dis-

solved in glacial acetic acid 1,600 (all parts by weight). Hence

:ipproximately a 6% solution of total solids is considered by Du
Vivier as the best concentration for spinning purposes.^ After the

threads have been formed by expression through orifices under water,

they are carried through a coagulating bath of sodium bisulphite

and afterwards denitrated in hanks. In the various patents taken

out by Du Vivier arc unessential modifications and additions of the

above process, but it is understood that they were not worked on a

commercial scale. The addition of gutta percha in carbon bisulphide,

passage of the iilaments through a mercuric chloride bath and then

through an atmosphere of carlx)n dioxide are some of the procedures

suggested. The presence of the albumen and isinglass so tendered

the filament, especially in the dampened condition, that, although

the ap|x^arance and luster were entirely satisfactory-, the proiluct does

not seem to have passed much beyond the experimental stage, and
"io far as the author is aware, is not at present manufactured on a

commercial scale.

1. F.P. 195654, 195655, 195656, 1889; 208856, 208857, 1890; E.P. 2570, 2571,
iss;*: U.S.P. 563214, ISiKJ; Belg.P. W774, 1889; Span.P. 9204, 1889; It.P. 356,
1S.H9; D.R.P. 52977, 1890.

2. A.S albumen U insoluble in acetic acid, to its aqueous solution is added
"slightly carlwnated soda" in amount about 35% of the weight of albumen. The
mixture obtained i.s mixed, desiccate*! at lielow 20° in order to guard against the
formation of insoluble albumen, the deliquescent product being then readily
soluble in acetic acid, the sodium acetate formed bemg unobjectionable. In one
process the filament is passed through 3% aqueous phenol and in another modi-
tication through an alum solution to coagulate the albumen.
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According to Silbcrmann this product is somewhat more brittle

than Chardonnet silk, but of a more dazzling white and a higher gloss,

which exceeds that of real silk and in its chatoyant nature suggests

the Florentine angling lines. The firmness of Vivier silk, reckoned

by the same standard, is only equal to 9, while that of mulberry silk

is 38, that of Tussah 48. Thiele also states that the firmness of Vivier

silk amounts to only about one-fourth that of mulberry silk. Accord-

ing to the statements of Blanc, Vivier silk, observed under the micro-

scope, consists of two single threads, which have great similarity to

Tussah silk, yet differ from the latter in their greater thickness, as

each of the threads has a diameter of 20//, while the single Tussah

thread is only l2/i thick. The Vivier threads are round and appear

smooth at the first glance, but on closer examination fine longitu-

dinal stripings appear which result for the fact that the thread is finely

grooved lengthwise. The two threads forming the single Vivier

thread cling close to each other, without a cementing substance being

perceptible. The cross-section of the thread has the form of a

fairly regular 8, outer lines of which are slightly wavy. A dividing

line between the two threads is also imperceptible microscopically.

Yet occasionally along with this double form of the thread, single

threads of bean-shaped or elliptical cross-section appear. Blanc

traces the double form back to the manner of manufacturing the thread

;

the spinning-tubes lie very close to each other, the emerging threads

cling together and unite immediately. The thread is twistetl directly

after its production or later, the torsion amounting to about 30()

revolutions to the meter. The substance of the Vivier thread is

transparent like that of the Chardonnet thread, doubly light-refract-

ing, homogeneous, and contains bubbles which become visible as in

Chardonnet thread by treatment with Schweitzer's reagent. The

inventor has evidently composed the silk of two threads, in order

to make his product as much like natural silk as possible. Yet

this clinging of the two threads has the disadvantage that the stiffness

of the thread is increased thereby. The \'ivier thread is not round

—that is, equally pliant from all sides—but flat and twice as long as

wide, i.e., inflexil)le in the direction of greatest thickness. The tor-

sion of th(> tluoad also lias the tendency to make it stiffen

Process of L. Crespin is designed * primarily to use the min-

imum volume of solvent. To this end, the nitrocellulose is dissolved

in a mixture of methyl and ethyl alcohols antl ether, to which is added

a certain amount of glycerol or castor oil. This collodion is then

1. U.S.P. 820.351, inOfi. Ix-inR division of application filed Feb. 4. 10O.'>. Serial

No. 244186; K\\ '27'y(\'y. \W\ , IV. 342077, 1«K)4; abst. J.S.(M., I'.MVl, 3S, SW.
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forced through a suitable noz/.lo into a wator-hatn, when part of the

solvent is dissolvetl, after whieh the threads atv wound up and the

hath, treated for the recovery of the contained solvent.

The method preferred is shown in Fig. 134, designed for the manu-
facture of ribbons and the like, the threads from the forming-nozzle

16 pass around the angular e<lge 6 of the bath 17 containing the

water on ita or their way to the wintling-roUer 18; 19 indicat^'s the

main pipe containing the collo<iion. The water from the bath con-

taining the mixture of ethyl and methyl alcohol Ls heated to drive

off the alcohol, and the latter comlensed and collected. To this

Fig. 134.—The Crespin Process of Making Artificial Silk.

alcohol it only becomes necessary to add again the required weak

proportion of sulphuric acid evaporated during the operation and the

<lesired quantities of castor oil, palm oil, or glycerol to obtain a fresh

solvent for a further charge of nitrocellulose. As a large portion

of the solvent employed may be recovered in this manner, the collodion

need not be made ver>' thick. On the contrary-, it can be economically

made very liquid and fluid, with the result that the heavj^ pressure

previously required to expel the collodion through the nozzles may be

very much reduced. In consequence of this the tubes 7 or 19, con-

taining the collodion, may be formed of glass, ebonite, or other

suitable material which is inert to, or is incapable of being acted
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upon by the collodion. Another advantage of using a very fluid

collodion consists in the practicability of employing a forming-nozzle

with a series of capillary holes, as indicated in 10. A nozzle, may
consist of a glass cylinder 8, furnished with a flange, by means of

which it may be attached to the cock or tap. At its end is a flanged

cap or plate 9, of platinum, which may be perforated with the capil-

lary holes, as shown at 10, or with one larger hole, as at 11, or with

straight or unduhitory slits, as indicated at 12 and 13 in the same

figure, according to whether it is desired to produce artificial silk

horsehair, straw, or ribbons. The joint between the cap 9 and thc-

cyHnder 8 is maintained by means of a flexible rubber packing-ring

14, the interior pressure keeping the joint tight.

Method of M. Denis ^ differs from that of Crespin in the process

of vsolvent recovery, being otherwise designed both for spinning econom-

ically and for regaining the maximum of dissolving fluid. The opera-

tion of this process is as follows, and referring to Figs. 135, 136: A
suitable liquid at a temperature above the boiling point of ether is

introduced into the collector 14, which may be water, and at the

commencement of the operation the water fills the collector, and all

the cocks on the filament-former being open, the water streams down

the tubes 9, carrying with it the collodion filaments issuing from

nozzles 6. Ether is but slightly soluble in the water, while the sol-

ubility of alcohol at this temperature is about at its maximum. The

artificial silk filament will be completely surrounded by hot water

as it emerges from the nozzle 6 and be free from contact with air,

80 that its exterior is not immediately hardened, thereby preventing

the imprisonment of solvents in its interior. The ether vapor rises

in the tubes 9 into the collector 14 and aids in forcing the heated

water through tubes 9. The descending water carries with it the

filament and dissolves the alcohol solvent of the collodion. The ether

vapor accumulating in the upper part of the collector 14 displace.-^

a quantity of water, which passes through the trap 21a and pipe 21

into the expansion tank 38. In reality the lowering of the level of

the Uquid in 14 and its rise in 38 are very gradual. The water drops

through the tubes 9 into the collectors 19 and is pumped from them

through pipe 36, pump 37, and pipe 39 into the expansion tank 38,

to again pass through the circuit until sufficiently saturated with

alcohol to warrant its being distilled or otherwise treated for the

recovery of the alcohol. A definite quantity is withdrawn from the

circuit and is replaced by a like quantity of unsaturated water.

When the water or other liquid in the collector 14 has reached a suit-

1. U.S.P. 834460, 1906; F.P. 341173, 1904.
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ably low level, the float 22 will no lonjjer hold the valve 23 to its s<*at

and the eolleete<l eth<'r vnjwr will 1k' frc<« to pitss hy pi|)e 24 to the

worm 25, that is kept at a suffiriently low tom|HTature to condense?

the ethjT va{H)r that trav<'rs<'s it, Ix-ing drawn into the worm hy the

vaeuuni pump 27, the residual gas (air) Ikmuji; drawn through the

li.;. i:J5.—The IVnis Machine f(»r I*n>«hicinjj Tlirea»l.s from Collfxh'on and Recover-
ing tlie Solvents of Nitrorelliilosc or ('elhiloew.

pump. The ether condensate will drop into the glass vessels 29.

!?y closing tap 31 and slowly opening tap 32 the vacuum in the ves-

-. Is 29 is broken, and the liquid ether condensate can Ix; drawn off

through tap 33, which is then closed, as well a-s tap 32, and the tap

30 slowly opened again to place the glass vessel in operative connec-

Fig. 136.—The Denis Machine for Prwlucing Threads from Collodion.

tion iiiiain with the condenser. As soon as the ether vapor is dra\ni

rT from the collector 14 liquid from the expansion-tank 3.S will enter

liie collector, rai.se the level therein, and close valve 23. The water

circulates in a closed cycle and is maintained at the required tem-

peratuif li\ passing through chamber or coil b, locateil at any desira-
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ble point in the circuit. The water may be replaced by a suitable

liquid capable of donitruting the filaments formed.

P. Cazeneuve pcrfors the use of acetone alone as the pyroxylin

solvent ' on account of the ease with which it can be recovered, employ-

ing from 2-3^ parts solvent to 1 part pyroxylin, and maintaining the

solution at 15-20° ^ during the operation of forcing it through the

draw-plates. The opafpie threads thus produced are unwound from

the spools on which they are received from the draw-plates and are

exposed, in the form of hanks, for several minutes to an atmosphere

of ammonia, at a temperature of 15-25°. This is said to have the

effect of rendering them transparent and lustrous. They are next

denitrateil at a low temperature by means of a solution of ammonium
sulphide or hydrosulphide, reagents which have the property, not

shared by metallic sulphides, of Increasing luster of the filaments,

prepared from the solution of nitrocellulose compounds in acetone.

Finally the solvent is recovered by the use of a refrigerating apparatus

similar to that employed in condensing carbon bisulphide vapors.

Other Nitrocellulose Filament Processes. H. Vittenet ^ u.ses

acetone instead of an alcohol-ether solvent, and in order to correct

the opacity and brittlencss of the formed filament due to the rapid

evaporation of the acetone solvent, and which the patentee con-

siders is due to the formation of " a hydrate of a mixture of the ace-

tone and nitrocellulose," treats the filament with sulphurous acid"*

after expelling the solvent. It is claimed that the sulphurous acid

prevents " hydration " and thus permits of the production of fila-

ments of the desired brilliancy and flexibility. The sulphurous acid

is either dissolved in the acetone prior to its employment as a sol-

vent, or a pyroxylin-acetone solution may be directly treated with

sul{)hur dioxide gas, the latter method being preferable. A stream

of the gas is allowed to flow into the solution just before spinning,

until the requisite amount has been added, the gas decreasing mate-

rially the viscosity of the pyroxylin solution. It is claimed the use

of sulphurous acid increases the brilliancy and translucency, and aitls

in the sub.sequent recovery of the acetone.

E. Cadoret,* who did considerable work along the lines of coating

1. P.P. .346693, 1904, and First Addition thereto, dat«d Oct. 26, 1904; the

tendency of acetone alone as a solvent is to produce a friable, worthless filament

(author).
'2. F.P. 3.')0723, l«)0.j, and First Addition thereto, dated Feb. 6, li)05; al>st.

J.S.(M., 1905, 24. 194, 331, 799, <H)7.

3. U.S.P. 828155, 1906; E.P. 1686, 1905; F.P. 350383, 1904; D.R.P. 1716:19.

1<M)5.

4. U.S.P. 842125, 1907.

6. Not Canlarct; E.P. 8558, 1894; 12451, 1896; Cadoret and E. Delgrade,
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textiles with nitroc«>lluIost',' combines Iwth glue ami pyroxylin through

the interniediar}- of their mutual solvent, acetic acid. E. lironnert

and 'l\ Schlumberger ^ economize on solvent by the use of strong

ethyl alcohol to which is added citric, oxalic, tartaric, lactic or levu-

linic acids, to increase the solubility, avoiding the danger of dry-

ing moist nitrocellulose by incorporating with it small amountji

of calcium or magnc«ium chloqdes. A. Ix)ncle and H. Chartrey ^

use a mixture of ether and methyl alcohol together with V ^ acetone

for the solvent, and dry the formed thread by simple exposure in the

atmosphere for about seventeen hours. E. Oberle and H. Xewlwld *

spin the filament bj* means of reduced pressure and suction instead of

forciiii: the solution through the spinnerets by pressure. Xitro.starch

combined with cellulose nitrate through the solvent methyl alcohol

and acetone has been described * as a suitable material for filament

formation. .V. Petit ^ and independently P. Germain " descrilje

i:.P. 21485, 1892; Vogel and Cadoret, Lehnes Farb. Ztg., 1897, 8, 7; Cadoret,

Rev. Ind., 18'M, 25, 64; Mon. Teint., 18»1, 38, 5; Ind. Text.. 1894. 10, 111. See
l\ Jenny, DR. P. 9S602. 1S97.

1. See Textiloid, F.P. 256854, 1896; abst. J.S.C.I., 189.3, 12, 779; 1895, 14,

:h>9; 1897, 16, 449; 1898, 17, 164. Muster Zt?., 1897. 46, 450.

2. E.P. 6858. 1896; al)st. J.S.(M., 1897, 16, 355; see Eder (Ber., 1880, 13, 1841).

The prxxJuct obtaine*.! by the Vereinigte Kunstseidenfabriken Frankfurt by spinning

a solution of acid cellulose in cau.stic soda and precipitating the threatl as it comes
out of the capillaries by means of an acid bath, appears to be only capable of

yielding good results when 10 parts of cotton are mixed with 100 parts of sulphuric

acid of sp.gr. 1.55, the mass tru-own into water and the precipitate^l acid cellulose,

after washing, dissolved in 100 parts of caustic soda solution, sp.gr. 1.12.

3. .Mon. teint., 41, 66; In the patented process of E. Huwart (F.P. 3835.').').

!<.K»7) nitrocellulose is dissolved in suljstances l:>elonging to the class of acetals

of the fatty series or in their chlorine or bromine derivatives, or in the aldehydes
or ethers derived from these acetals. This class of sulwtances is cliaracterized by
tlie presence of an aldehyde radical coml>ined with two simil.'ir or different alkyl

nuiicals, as for example in the compounds, CHj(OC'H,)j and (\H,((XTi,){CX'jHi).
These compoimds may lie employetl alone or in methyl or ethyl alcohol solution.

4. Leip. Farb. Ztg., 1897. 311; .Muster Z., 1897, *46, 311. F.P. 258257, 1896;

<ee ne»)erlein & Co., E.P. 3861, IWl; "Production of Silky Gloss upon Cotton
Yam by Impregnating with Collodion;" also Text. Col., 1397, 19. 229; Clrand-

<|uist, E.P. 23729, 18f>9.

5. C. .\mold, A. Fox, A. Scott and H. Roberts (E.P. 3450, 1906); C. Gorraml
(K.P. 6166, HH)6) prepares the collodion from which the threa<is are spun from a
-iiliition of nitrocellulose in acetone, amy! alcohol and acetic acid, ammonium sulphide

U'ing the denitrifier; C. Brodl>eck (E.P. 18119, 1890) uuts a final coating of silk

filiroin on the filament. For finishing artificial silk, see Iliibner, E.P. 19166, 1910.

6. NotPeit; Ui5.P. 665975, 1901 ; E.P. 15.143, 1900; best results are said to have
l)een obtained by u.sing dry nitrocellulose 100; india-njbl)er solution 7; st.nnnoas

chloride 5; the solvent being lienzcne. Such a formula is impossible of combination.
7. F.P. 355016, 1905. In F.P. 36a395, 1905, (Jermain prepares a homogeneous

paste by dissolving nitrocellulose, celluloid, and naphthalene in acetone, and adding
to the solution powdered barium sulphate. The paste is then spun into threads,

which are at once immersed in dilute sulphuric acid. This removes the acetone,

which may be recovered for further use. The excess of acid remaininfi; in the
threads is neutralized by treatment with barium hydroxide solution. Other
means, such as heating, etc., may be employe*! for the removal of the acetone.
The threads are not denitrated. and they may be redissdvcd when desired, the
l)arium sulphate, of course, remaining undissolved.
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combinations of pyroxylin with caoutchouc, acetone oil being the

solvent, the process of E. de la Grange being substantially the samc.^

A. Lumi^re and Sons^ believe in filtering the pyroxylin solution

when very fluid, subsequently concentrating (when necessary) by

partial vacuum distillation.'' Their method of "collodion filament
"

manufacture * comprises a chamber adapted to be traversed by the

filaments after leaving the discharge nozzle and containing a 8pong>'

material intended to be separated with alcohol, in combination with

a rotatable receptacle designed to contain a coagulating substance

and into which the filament falls by gravity from the chamber, and

is coiled by the rotation of the receptacle about an axis non-coincident

with that of the filament.

In addition to improvements in spinning methods (describetl

elsewhere), R. Strehlenert ^ has made many minor suggestions look-

ing toward simi)lifying the formation of nitrocellulose filaments,

especially from a mechanical point of view. J. Ducjuesnoy '' dissolves

the pyroxylin in a mixture of ccjual volumes of acetone, glacial acetic

acid and aniyl alcohol, and expresses the solution from a cai)illary

orifice projecting into the external atmosphere and without the inter-

position of a fluid coagulating medium. In the process of J. Sauver-

zac ^ the nitrocellulose is dissolved in (he solution of a metallic chloride

1. K.V. 1();W2, 11)00; Sw.P. 22080. For punips for supplying collodions to

filters and drawing apparatus, .sec L. Dosniarai.s, G. Moranc and M. Ilenis, K.P.
(>7H:i, 1005; h.V. 3420.-)'), 1004; abst. J.S.C'.I., 1001, 23, o:«.

2. I'M*. 301324, 100.-). Their process of preparing "colloilion of high standard'*
f«»r artificial silk manufacture capable of innnediate drawing into thi-eails, consists
in dissolving thoroughly air-dried nitrocellulose in a mixture of methyl and ethyl
alcohol and ether, then distilling the filtered solution to half its volume. For
300 k. cellulose, 200 1. each of methyl and ethyl alcohols, and 1,0(K) 1. ether, are
employed. Distillation is continued until the ether content is reduced to GOO I.

3. F.I'. 361324, 100.5, their fluid collodion l)eing prepared by dissolving 3(X)

parts nitrocellulose in 200 parts methyl alcohol, 200 parts ethyl alcohol, and l.GtX)

parts ether. Owing to the excess of ether, this collo<lion is very fluid, and can be
easily filtered under a slight pres.sure. The colUnlion is then distilleil in a vessel

ftrovide<l with stirrers, until 1,000 parts ether have l)cen driven off and condensed
or future use. The concentrated collodion is cooled, and having alreiuly l)een

filtered and freed from air while in the dilute condition, it can Ikj directly storeti

in closed vessi'ls and is tiien ready for spinning. "

For the filtration of colltKlion (F.P. 301320, 1005) for the preparation of arti-

ficial silk, a continuous roll of filtering medium is provided outside the press. \
portion of the fal)ric is clamped tightly over the perforated support by means of

a screw-head, and the colUxlion is admitted from Ih'Iow under pressure, thnmirli
a pii)e provided with a stopcock. When the filtering surface has Ixniome cU)ui;' i.

the stopcock is closed, the conduit for filtered solution is also closed, the screw
raised sUghtly, and a new filtering surface is pulled through from the roll, and is

clami)ed down rea<ly for use.

4. E.P. 89A, 1007.

r>. .\b.st. J.S.C.I., 1897, 16, 533, 007; 1800. 18, 570; I'HVi, 21, 0<59; 19ft3, 22.
92, 1.345.

0. U.S.1». <)<)3730, P.HK); K.P. S700, I'HK).

7. F.P. 402950, 1908; sec also E.P. 1858, 189t); abst. J.S.C.I.. is<t7, 1«, 33,).
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in alcohol. A solution of 10 gm. of aluminum chloride in 100 cc.

of alcohol tlLssolves 50 gm. of nitrocellulorto, and the mixture may bo

diluted with as much as 80*^ of water. The threads spun from this

solution are saiil to Ix? ver}- supple and elastic. H, Woltereck * passes

cotton thread of varj-ing d('grtH.»s of fineness, the luster of which may
be increased by previous mercerization, through a nitrocellulose

solution. substHiuently dcnitrating in the u.sual manner.

Denitration of Cellulose Nitrate. The necessity of dcnitrat-

ing nitrocellulose artificial silks in order to reduce their inflammabil-

ity Ls perhaps the weakest i)oint in the process, and the ()oint which

is of most importance as standing in ihe way of further development.

All forms of cellulase with the e.\ception of the acetate, irrespective

of their treatments in the formation of filaments, are eventually regen-

eratf'd to e<'nulose, or nearly so, before becoming merchantable prod-

;|)|x*ars that in 1^7^' Uefore the artificial .silk industry

ii;i<i ruiuiiienced—the di.sadvauiage of the inflammability of the

cellulose iiitrat<^ was appreciated, as witnessed l)y tin; publication

of methods of denitration. In the earliest process of which the

author is aware the dried pyroxylin wius deoxidized by digestion

with sulphurous anhydritle under pressure, with sodium bisulphite

solution containing phosphoric acid or with sodium thiosulphate

s<jlution. In 1900 L. Vignon ^ studied the reduction of nitroccUuloses

by the action of ferrous chloride and found that when 20 cc. sat. aq.

sol. of fcintiis (hloride was boiled for ten minutes with 1 ^in-nf a cel-

lulose nitrate, there was liberation of nitric oxide, and ii was .shown

that although the nitro groups were eliminated the aldehydic groups

were left intact.^ The next year H. Richter,* as the result of exhaust-

1. E.P. 3Sy8, 1898; E. Breuer (D.R.P. 5.5293, 1890) has devise*! a novel process
for producing colored nitroccllula>« threads by coating a roller of sheet metal or
other material with a layer of pyroxylin, then with dissolve*! glue, proceeding
alteniately until the require<l thickness is obtainiKl. The roller is then put in a
screw-cutting lathe, and the coating cut through spirally, thus furnishing a contui-
uous thread. For the artificial silk process of L. Ivederer in which an acetone
solution of nitrocellulose is mixed with an acetylene tetrachloride solution of
coMul-.M- acetate, see E.P. 11625, 19C9.

J. V. Magnier and L. Doerflinger, E.P. 4711, 1878; see als«i W. Green, E.P.
9879, 1889; " Denitration of Pvroxvlin," (hem. Zeit.. 1905, 29, 420.

3. C.R., 1900, 131 (12) 530; Bull. Soc. Chim., IJWl, (3), 2."». i:JO.

4. He found that when cellulose and oxycellulose of maximum and minimum
nitration (13.5, 13.9, 8.19, and 8.:J6% nitrogen respectively) were treate<l with
ferrous chloride in boiling aqueous solution, the proilucts formed were oxycelluloses

with a cupric reduction ecjuivalent to that of an oxycellulose preparetl directly

by the action of chloric acid. Conversely, where ammonium sulphide was used
as the denitrifier, and at 35-40°, the products obtained were without action on
copper solutions. This is to be construed as indicating that nitrated cellulose

Khould be regarded! as h derivative of oxycellulose.

5. E.P. 12695, liK)l; where cupric salts are used, the fluitl after denitration

contains cuprous salts, and by the addition of common salt and conducting stilphur

dioxide through the solution, cupric salts are again formed.
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ive studies on the denitration of artificial silk, obtained patent pro-

tection for a method in which the nitrated filament is treated in an

acid solution of a metallic salt which is in a lower state of oxidation

and is capable of passing to a higher state of oxidation. Suitable

salts found are cuprous chloride, cuprous oxychloride, ferrous, man-

ganous, chromous, antimonous, stannous, mcrcurous or cobaltous

salts, ferrocyanides and nitroprussides. With the use of cuprous

salts, hydrochloric acid is advantageous. In order to facilitate and

render more complete the denitration, certain agents may be added

which will cause the nitrocellulose to swell, such as alcohol, ether,

ketones, glycerol, epichlorhydrin, turpentine, and solutions of caout-

chouc and glue. Substances may also be added with advantage

which dissolve the salts employed, such as alkaline thiosulphates,

anmionium sulphate, and the chlorides of the alkalies and alkaline

earths, or of iron, zinc or manganese. Cuprous chloride and oxy-

chloride, being difficultly soluble, may be dissolved in acid and par-

tially neutralized with ammonia, or dissolved in ammonia and

neutralized with acid. Where large amounts are treateil, methods for

thawing off the nitrogen oxides and recovering them are described and

may be useful, but it is customary where small amounts are denitrated

at a time to make no effort to recover the liberated nitrogen.^ Other

denitrating agents which have been employed are ammonium nitrate,^^

1. In Chem. Ztg., 1909, 33, 174, E. Bindschedler claims priority through his

deposition of June 15, 1908, over Coulier's Belg. P. of Sept. 2S, 1908, for nu'th<xl

of recovering sulphur, nitrites, ammonia, alkalis, and alkaline earths from l)aths

used in denitrating cellulose nitrates. P. Heermann (Mitt. kgl. .Materialpni-

fungsamt., 1910, 28, 227) reports that milky or chalk-like spots found to develop
in a consignment of nitrocellulose artificial silk gradually increa.sed until the whole
skein was attacked, the fiber becoming brittle and worthless. The aqueous extract
of the damaged parts was strongly acid, and gave a precipitate of barium sul-

phate equivalent to 1.03% of sulphuric anhydride. The undamage<l parts (also

a sample of the same silk not denitrated) gave an aqueous extract which wa.s

neutral and did not give a precipitate of barium sulpliate, but sulphuric acid wa.s

found after heating the silk witli caustic soda. The undamaged portion Ijcatotl

in an air-bath to 120-130°, auickly became acitl and on longer heating at 125
130° partly carlx»nized. Well-made nitrocellulose artificial silk 8howe<l no trace

of carbonizing when heated to 135-140°, and the aqueous extract showc<i no
trace of sulphuric acid; only a trace of the acid was detecte<l after heating with
caustic soda. The trouble is therefore ascribed to the presence in the niw nifro-

ccllulose of sulphuric acid, probably existing as a cellulose sulphuric ester, which
was not removed on tlenitrating and which decomposed gradually on keeping
the silk, lilwrating .sulphuric acid.

2. Process of R. Valette, E.P. 20637, 1904; F.P. 344660, 1904; abst. J.S.C.I..

IIMM. 23, 1212. Serret (F.P. 369170) denitrates with aluminum chloritle. ('.

Dow (l).R.P. 15;}671) seeks to still further re<iuce danger of inflammability by
treatment of the filament \vith formaldehyde after denitration, but if the latter
process is properly conducted, further treatment is unnecessary. By the proco.'^s

of the Soc. Anon, llongroise pour la Fabr. de la Soie ile Chardonnet (F.P. 410(»52.
1909) solutions of alkali or alkaline earth sulphydrate which have l)Ocn use f<»r

the denitration of nitrocellulose, and which contain sulphides and nitrites, are
added to excess of mineral acid {e.g., the acid which has been used for the nitra-
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ferrouH chloride,* ferrous chloride in alcohol,- formaldehyde,^

and 8ulphocarl)onates,* but none have proven a« satisfactory

as the sulphides and hydrosulphide^, although the latter vary greatly

in their action, dep<Miding on the metal in combination.* Thus the

calcium comi)ounds have a tentlency to harden and weaken the

tihiiiH lit, the magnesium salt works rapidly and tenders the thread

the least, while tht' ammonium compounds require great care in

handling, and are comparatively costly. Although P. (.'azeneuve ^

has described a process of denitrating pyroxylin by treating its ace-

tone solution with metallic sulphides before formation into filaments,

the threads are usually wound on to bobbins and denitrated in this

niaiiiK r. In nin incthotl ^ the bobbins of artificial silk are arranged

tiun); the liydrugen sulphide and the nitrous anhydride thuti evolved interact,

!>iilphur being precipitate*! and nitric oxide set free.

1. Becharnp, .Article "Cellulose," in Wurtz, Diet. <le Chimie, 781.
•_>. Chardonnct. First Addition, dated .Mar. 3. l.S!»7, to F.P. 2:U2;J0, 181>3.

3. Knofler, F.P. 247855, 1895; D.R.P. 885,%, 1894.

4. See D. Woodman, J..\.C".S., 1892, 14, 112, on denitration of ceUuloi<l to cel-

lulii^ for production of incandoijcent electric light filaments, .\cconling to A.
Dulits (('hem. Ztg., 1910, 34. 989) it is impossible to obtain a product alxiolutely

free from residual traces of nitrogen without the destruction of the threa«ls. For
practical purposes it is sufficient to prepare a «lenitratetl silk containing 0.05%
of nitrogen, provided the distribution of the denitrating action l)e al>solutely

uniform. Uniform denitration depends on uniformity in composition of the
nitrocellulose thrca<ls and their uniform shrinkage; also on uniform moisture
in the threads which are susjsended in the denitrating Iwith. The quantity of

denitrating liquid per k. of nitrocellulf>se must always be con.stant and tlje coni-

position, the initial temperature and the changes in temperature of the l»ath during
the pn»ces8 must l>e accurately controlled. The time of action of the denitrating

bath is of the highest importance. The titration of the bath and the examination
of the threatls with the polarizing microscoi)e are not very .satisfactory gui<ies

in judging the end-point of the denitration process. In onler to be quite certain,

the threads should be treated rather longer than appears to l)e strictly neces.sary.

Nevertheless it must always be borne in mind that a prolongation of the treat-

ment involves a loss of .strength of the product. .Any addition of sul)stances,

such as resins or oils, to the collodion has an unfavorable influence on the deni-

tration and necessitates a longer treatment, with con.sequent loss of strength.

The addition of acids with a view to re^lucing the vi.scosity of the collodion al.so

detracts from the quality of the finished silk and appears to promote the forma-
tion of oxycellulose. The author points out that whereas fresh solutions of

hydrosulphides attack the denitrated threads but slightly at 40**, a solution which
has already been used for denitration attacks them powerfully. He believes

that the nitric acid groups split off from the cellulose during denitration are
capable of inducing a secondary oxidation of the cellulose, part of which then
enters into solution in the bath. The hydrosulphides alone are not sufficient

to fix these nitric groups in such way as to avoid injury to the cellulose, and
various other substances are generally added. The concentration of the deni-

nitrating bath should be fairly high.

5. Becharnp. I.e.; Blondeau, .\nn. Chim. Phvs.. 1863. (3), 68, 462.

6. First .Addition, dated Oct. 26, 19(V4. to F.P. 346693, 1904; alwt. J.S.(M..

1905, 24. 194. By this process it is stated that a solution in acetone of "true
smino-nitrocellulose " is obtained, which is specially adapted to the direct forma-
tion of threads.

7. Process of H. Diamanti. P. Loisef an<l II. Champin. F.P. .378143, 1906; set

also H. Diamanti. E.P. 17460. 1907: abst. J.S.(M., 1907, 2B, li:«>: in L. Bergier's

process (F.P. 349134, 1904) the threads are denitrated by immersion for some
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vertically in a wooden frame which can be inserted as a whole inside

an airtight vat. This vat, which may be made of wood or stoneware,

is provided with means for placing it in communication with a tank

containing the denitrating solution, and also with an exhausting

apparatus. A number of vats arc worked in scries, each being con-

nected to its inmiediate neighbors. The vats are first exhausted,

and the denitrating solution then circulated through the whole series,

care being taken that the fresh solution always comes in contact

with bobbins which have already been almost completely denitrated.

The preferred strength of sulphide depends upon the metal attached,

and with anmionium sulphide with the amount of sulphur, it hav-

ing been found that the yellow or polysulphides are much more ener-

getic denitrificrs than the simpler sulphides. For this reason it is

indicated to add sulphur either direct to ammonium sulphide pre-

pared by saturating acjueous ammonia with hydrogen sulphide, or

else by exposing the sulphide to the light to polymerize. The denitration

niuy be accelerated, according to G. Gorrand ^ by adding a few

drops of acetic acid to the nitrocellulose solution before spinning,

where ammonium sulphydrate is employed. The correct strength

of the denitrating bath may be determined by (a) the loss of solu-

bility of the treat(!d thread in cellulose nitrate solvents, (6) deter-

mination of nitrogen in thread, (r) and examination under the

microscope. With the; latter ])rocedure, if the; sulphide is unduly

concentrated, the too vigorous action may be recognized b}' the

appearance of the threads, which will be dull and lusterless, occa-

sionally corroded, and free from color formation under the polar-

iscope. The weakness of the sulphide is readily determined by the

solubility of the (supposedly) denitrated thread in a mixture of

alcohol, ether and acetone, ecjual parts of each. Theoretically <S

molecules of hydrogen sulphide are required per molecule tetranitro-

cellulose, but experience has shown that 4 molecules of sulphide,

with proper precautions, are sufficient to reduce the nitrogen contents

under 0.2o^y[, and usually from 0.14-0.189r- With but traces of

nitrogen remaining, examination with diphenylamine in concentrateil

sulphuric acid, especially when nuide against control samples with

definite amounts of nitrogen therein, admit of quite accurate

approximations being made. The denitrated filament, like cellulose,

houfK in a solution of cuprous chloride acidified with HC'l, and at a temperature of
»)()°, all traces of cop[H!r l>eing subsequentlv removetl by treatment with dilute
hydrochloric acid, followed by thorough washing.

1. F.P. :irA4'2i, \\)Qii; E.V. tiKifi. 1«M)(); in the process of the Soc. Anonyme
i\v Soie Artif. de Tubire (F.P. :{.')S<>S7, 11M).')) the silk is allowetl to remain on the
bobbin during the denitration and subsetiuent bleaching, thus ol)viating twisting,
dividing and making into skeins.
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is permeable by water, and (Jerinain • propow's to overcome this by
dipping the threads after ilenitration into a weak pyroxyHn lacciuer,

just sufficient to render the filaments impermeable, but insufficient

to materially raise the inflammability. N'arious inventors, e.g., It.

Valette,2 D. Bachrach,"* K. I^nghans,^ L. Bethisy,* A. Plai.sftetty,*

Du Vivier,^ Cadorct,* I><'hner • and others '** have en<leavore<l to

reduce the inflammability by adding certain metallic salts without

denitrating the nitrocellulose, but as yet without satisfactory result^s.

Attempts have also been made to reduce the tendency of the fiber

to weaken when wetted with water by the use of partially water-

soluble sulphonated vegetable oils, especially com and castor.

The fiber uix)n emerging from the denitrating bath is a dirty, pale

}('llow, and has therefore to be subjected to a bleaching process Ix'fore

iH'ing offered for sale. A small amount of bleaching i>owder and
h\'drochloric acid is generally used, the quantities for Chardonnet

silk being stated as bleaching powder 4, commercial hydrochloric acid

S. and artificial silk 10. The bleache«l skeins are carefully washed

in cold water until all free chlorine is removed and either directly

dried or subjected to an intermediate softening process with Turki'y-

1. D.R.P. 160:MHj, iy05; see also Compagtiie dc la Soic «le Hcaulieu, D.K.I'.
•JITIJS. 11K)7.

'2. E.P. 20t>o7, l!M)l. u:$ing anunoiiiuni nitrate. See also "Decreasing Inflani-

inal)ility" in Chapter XIV.
3. UaS.P. 7!I45S1, llK)->; E.P. 2339, 11K)1; certain volatile. non-a<iutH>u» li(|uiil

>ilicates such a.s methyl, ethyl and amyl silicates, the so-calhtl "silicic ethers"
Ix'ing used. In this and the following processes the threa<I is dippe<l in a con-
centrated solution of the salt or ester and after thorough impregnation, dried
vnuler tension to increase the luster.

4. IJ.S.P. o71.>M), ISiKi. phi>sphosulphuric and phosphoric acids Ixjing clainuNl.

5. U.S. P. 62*313, 1S!H», zinc chloritle and gelatui l»enig adde<i; in the metiuKl
of A. DuIkjsc (Bull. Rouen, IIKM), Sealed Dcx-ument, No. 530; (hem. Zeit., V.H)o

29. 822; Bull. Rouen, 1905, 33, 318; liK)S, 36, 272; Muster Ztg., VM)5, 53, 19)
tannin is addeil to the solvent usetl in making Cliartlonnet silk. Thus the spun
fil)er contains tannin, and a re^'ucing sul>stance is employed for the purpose of
denitration, instea<l of ammonium sulphide, the Iwise of this re<lucing sul>stancc
uniting with the tannin to form an insoluhle comp<)und. Before denitrating,
it is recommendetl that the fil)er !« passed through Turkey re<l oil. Substances
which are recommended as reducers are sulphides of magnesium, aluminum,
antimony, tin, and silicon; magnesium, calcium, or aluminum hydrosulphides
or stannites. and tin chlorides.

6. K.P. ".K)87, V.HM). anhydrous aluminum chloride or nitrate lacing applied either
directly to the nitrocelluhjse or added with a solvent.

7. Rev. Industrielle, 1890, 194; D.R.P. .52977, 1889.

8. P.P. 2568*4. 1896. E. Midler (D.R.P. 222777, 1909) protects the silk

gloss produced on fabrics by goffering, from the injurious action of moisture l>y

treatment with nitrocellulose solutions, employing epichlorhydrin as the nitro-

relluloee s<jlvent.

9. D.R.P. 55949, 1889; 58508, 1890; 82555, 1894.

10. In the process of the See. Anon, pour 1'Etude Iml. «le la Soie Serret . F.P.
.'^60170. 1«KX>, the fil)er is imprcgnate<l with a sohition of aluminum ch|f>ride. while
with .Soc. pour la fabrication en Italic de la soie Artif. par le proc^ld de Chardonnet.
F.P. :J6780;i, 1906, calcium or magnesium chloride is employed. See Chardomiet,
Ind. Text., 1893, 9, 175.
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red oil, sulphonatcd lard oil or similar material to counteract the

tendency to harshness pro<luced by the bleaching process. The final

product has a white color, and this may be intensifi(»d by the addi-

tion of a trace of methyl violet, indigo, or ultramarine.

Solvent Recovery. The recover}' of the ether and alcohol

contained in the air of artificial silk factories has been many times

proposed, but is extremely difficult on account of the high degree

to which the vapors are diluted with air; and the mechanical equip-

ment required to take care of the millions of cubic feet of air circulat-

ing in a properly ventilated factory of any considerable niuiiiiitiKh .

The methods proposed previous to 1904 have all proven unsucces.sful

from an economical point of view, and need not be mentioned here.

In one method largely practical ^ the air containing ether and alcohol

vapor is passed through absorption towers containing sulphuric acid,

the latter being distilled in vacuum to recover the alcohol and ether.

It was found, however,^ that by mixing the aci'l uitli 1 or 2 mole-

cules of water, the tendency toward formation of ethyl sulphuric

acid was diminished, and loss of ether from this source obviated.-*

By varying the concentration of the acid, the speed with whicli the

air passes through it, and the temperature of the condensing chambers,

the by-products formed—which at first militat(>(l greatly against

the process—^havc been material!} Kilmcd in amount. In the

method of O. Buccjuet * a licjuid fat or fatty acid, either alone or mixed

with an oil of low solidifying point, is used as an absorbent of the

vapors of the volatile solvents. When the absorbent i.>^ sat mated,

the volatile solvent is recovered by distillation under diminished

pressure. In the process of A. de Chardonnct, patented in 19()(i,''

the air containing the vapors is passed through a series of towns

1. J.S.C.I.. I'.KK), 25, 71.

2. F.P. 350290, 1!)04. In the process of Fabriciue de Soie .\rlif. de Tiil)iz<'.

K.l*. 401262, lOOH, in place of solphuric acid W)° Be. it is proposed to use acid of

no more than 62° Be., claiming that the absorptive fiower of the more dilute ucitl

is sufficient, and the reconcentration which is recjuired from time to time nuiy l)c

carried out in leaden vessels instead of the platinum ones employed for the 66" Bo.
strength. In Dervain's process (F.P. .'J.'iOiOS, 1904) the spinning operation is

conducted in closed chambers with the primary object of limiting the amount of

air which it is necessary to treat, and thus diminish the amount of sulphuric ariil

re(|uire<l for absorption.

3. In U.S. P. 712406, F. DuPont, the material carrying the alcohol-etlier va|M)r

is immersed in alcohol and a gas caused to pass through it, carrying off the ether.
4. D.R.P. 196600, 1907.

5. D.R.P. 207554, 1907; F.P. 377673, 1906, auvl First .\ddition thereto, datctl

July 27, 1906- abst. J.S.tM., 1907, 2fi. lOSS. In D.R.P. 207554 the mcthcxl con-
sists in bringiuK the alcohol and ether intimately into contact with the higher-
boiling memlK'rs of the fatty acid alcohols, such as propyl, butyl, amyl, and other
alcohols, as well as their derivatives such as butyl acetate, butyric acid, etc., in

general also the so-called last runnings of the alcohol distillation process, and then
distilling off from the resulting solution the compounds named.
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or chamhx^ra into which amyl alcohol or other high Ijoiling alcohoU

are spraycil. The vapors arc absorlKnl by the alcohol, which is ptuMed

through the scrieu of tow is in the opposite direction to the air, the

weak solution obtained in the last tower of the series being sprayed

into the next and so on. The alcohol or ether is recoveretl from the

strong solution obtained in the first tower by distillation either con-

<luctetl at the atmortphcric pressure by heat, or in the cold under

retlucett pressure. The residue left in the still is used over again.

In the manufacture of artificial silk, the alcohol and ether which

are given off at different stages in the process are either recoveretl

«»parately or are allowed to mix and the alcohol recovered first by
passing the air through a similar train of apparatus into which wat«r

or water containing a little alcohol or calcium chloride Ls sprayetl.

The essence of H. Diamanti's method is to collect * the vapors

given off by the threads by first causing these latter, immediately

on issuing from the draw plates, to enter a passage traversed by a

suction current of air moving in the opposite direction to the move-

ment t)f the threads, the latter being then rolled upon spools in an

almost air-tight casing and further treated by means of a controllable

blowing of air on each spool and a suction device for removing the

vapors, the air thus forced in being fresh air, dried artificially or not,

or purified air previously used in the process.

In the process of S. Douge^ the first step is to concentrate the

mixture of air and vapor by successive treatments in centrifugal

s<'parators, or similar means, returning the vapor-free air to the fac-

tor},', and the air rich in vapor is then subjected to a selected treatment

of absorption, distillation, etc. The specific gravities of air and the

vapors of the usual solvents (ether, chloroform, carbon bisulphide)

l)eing so different, the method of treatment is said to give very excellent

results, the difference in cost between that for treating the whole

bulk of air with absorbent and that for first " separating " and then

treating the concentrat^l mixture with absorbent, being much in

favor of the newer method.

In a still more recent process ' the mixture of vapor and air is

compressed and cooled and passed through an apparatus in which

progressive refrigeration is possible. The compressed and cooled

mixed gases are further cooletl by permitting them to expand, and are

1. E.P. 5020, 1907; see solvent recoveiy apparatus of M. Denis (E.P. 4534,
H»0.>; F.P. 341173. 1904).

2. E.P. 159.5. HW.
3. Soc. "L'.\ir Liqwide" (Soe. anon, pour I'Etude et I'Exploit. des Proc. G.

Claude). F.P. 397791, 1908, wid First Addition thereto, dated July 10, 1909; F.P.

413571, 1909.
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then U8C<] as pooling agents for a further quantity of the eompressed

gases. By this arrangement very low temperatures may be reached,

but it is essential that the tempctrature should not be such as would

cause the separated liquids to freeze and })lock the apparatus.

In the procedure of C. Crepelle-Fontaine ^ the air containing the

vapors of alcohol or ether is withdrawn from the working place by a

fan and is discharged into the base of a column, divided by horizontal

partitions into sections, each of which is provided with a bubbling

weir or hood and an overflow pipe. The air passes up the column

and bubbles through an acid or other suitable absorbing litpiid, which

flows down the colunm from an overhead supply tank. The liquid

flows from the bottom of the column through a cooler, where its tem-

perature is reduced, to a well from which it is pumped back into the

overhead tank. The column is provided with thennometers, as it

is necessary for the successful recovery of the vapors to maintain the

column and washing liquid at a suitably low temperature. It is

claimed ^ that by the use of a machine analogous to those of the Linde,

Lourmiet, or Pictet types, whereby by combined refrigeration and

compression, the volatile vapors may be condensed and subsequently

separated by centrifugal or other means from the atmosphere of the

workshop. In a recent paper read before the P'rench Academy on

this subject, a process for solvent recovery was described and said

to be remarkabl)' economical and satisfactoiy from the yield obtained.

The method consists in compressing the air containing the volatile

vapors under 4 atmospheres, passing it up a large tower, and gradually

cooling from the bottom \mtil at the top a temperature near that

of liquid air i« reached. By this means the water is eliminated at first,

thus obviating the difficulty of freezing in the pump. The yield

was stated to be from 90-95% of the volatile vapors in the air.^

1. P.P. 396664, 1908; 401182, 1909; U.S.P. 951067, 1910; E.P. 2400, 1909;
abst. J.S.C.I., 1909, 28, 597.

2. Soc. .\non. pour la l''a!)rication de la Soie de Chanlonnet, P.P. 387054, 1908.
3. The Soc. pour la Kahr. en Italie de la Soie .\rtif. par le Proc<kl^ de C'hardonnet,

in F.P. 371985, 190(), displace the volatile solvent by a current of steam, which
is 8ubsc(juently conden.sed in a cooling or condensing mc<Uum. Their F.P. 36780;J,
1906, and First .Addition thereto, dated Mar. 11, 1907, descrilx>, that according to
the principal patent, the protlvicts obtained by forcing a collodion solution through
an orifice, are washed either by pure water, or by an aqueous solution of some
metallic salt, which is le«l through a perforated pipe placet! al>ove the l)obbins
or rollers on which the product is l)eing wound. In the addition an apparatus is

descrilKMl which is applicable to rollers or bobbins which are driven by a rotating
cylinder with which they are in contact. Around the lower half of the driving
cylinder, a hemi-cylin<lrical tnmgh is arrangetl, into which the wa.shing licjuor

is \o<\ at one end by a pipe which almost touches the Iwttom, leaving by an over-
flow pipe at the other en<l of the trough. The overflowing \U\nor is nm either
into the next trough if sevenil are l)eing u.s«»d, or into the distilling apparatus.
When the macbiiiu is working, the rapidly rotating cylinder cariies with it some
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In the recently protect<'d process of A, <1 • Clmrdonnet for the

collection and recovery of volatile solvents in the preparation of

artificial filaments, etc., from collodion,' the concentration of the

vapors of the solvent in the air nmst Ik* kept as high tm possible.

The spinning apparatus is enclosed in a glass case which is openetl

only when necessary. The ordinary' rail carrying the spinnerets is

replaced by a revolving plat^? having spinnerets arranged in the

form of a circle. Each plate is providetl with a control tap and a<

special filter, and when the spinning from any particular plate is

interrupted a tight-fitting gloln? is placed over the plat4? to prevent

loss of solvent. The filaments puss up through guide-forks onto

the bobbins, which, when full, are placed in the lower part of the

casing until all the ether and most of the alcohol have evaporated.

The unwinding of tl>e bobbins is eflfected after immersing them in

water in order to collect .some of the alcohol, and the spindle of the

bobbin during the unwinding process is surrounded by a light metal

cylinder against which the dilute alcohol is thrown l)v centrifugal

force and collected. For the absorption of the ether and alcohol

vapors, amyl alcohol (or its homologues) is employtnl, as descriljed,

I.e., in a vessel containing plates. The vapors of the amyl alcohol

carried off from the first abst)rption vessel by the i.ssuing air are

absorlxnl in a second plate-apparatus charged with dilute ethyl alco-

hol, which may be obtained from the bobbins. The vapors carried

off from the second vessel are absorbed in a third, which is charged

with water. The alcohol and ether absorbed by the amyl alcohol

are iccon ercd l>y rectification in a rectifying plate-column, and the

alcohol from the second and third absorption vessels is recovered

in a second rectifying column.

«)f the washing liquid which is thus brought into intimate contact with the pro<iuct

which is l)eing wound on the bobbin.s. It l)ecomes charged with the mixture of

alcohol and ether and then falls hack into the trough. (J. Claude (C.K., 1!K)*.>,

149, 780) computes that one million francs' worth of volatile liquids are lost annually
in the artificial .<<ilk industry alone, and recommends the method of recovery by
freezing, using the same principle as that by which liquid air is made. To get

rid of the water vapor the air is first cooled by passing through refrigerators full

of ol»stnictions. The air is then cooled to —1)0°, when the vapor tension of alcohol

and ether are negligible. He states it is possible to treat 20 cu.m. of air per
horse power per hour and recover 90% of the vapors.

1. F.P. 413359, 1909; cf. J.S.C.I., 1907, 26, 1088. The process of the Fab.
de Soie artificielie de Tubize (E.P. 11729, 1910; F.P. 412887, 1909; abst. J.S.

C.I., 1910, 29, ItXM) relates to the arrangement of the walls of the cabinet, which
completely enclases the filament-producing apparatus. The front of the cabinet
is composed of two superposed counterl>alancefi frames, dividing the wall into an
upper and a lower accessible zone, corre.s|)onding with the position of the essential

parts of the apparatus, i.e., the capillaries below and the winding drums alxjve.

.Vccording to J. Smith, H. L. Mitchell, W. H. Askham, and H. Hey (E.P. 1860.5,

1909) the air containing the vapor of the .solvent is drawn into the cylinder of

a suitable pump and at each stroke of the pump a quantity of absorbing oil is
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The patent of A. Collard ' relates to apparatus for the recovery

of ether, acetone, alcohol and similar vapors, by bringing the air

into intimate contact with a suitable absorbing liquid. In one form,

the apparatus comprises a scrubbing column and a gas-washer; the

absorbing liquid is sprayed with the air into the lower part of the

scrubbing column, a supply of pure absorbing liquid is admitted at

the top of the column, and a third supply of pure liquid is admitted

•to the washer. Distilling, rectifying and condensing apparatus are

also provided for separating the ether, acetone, etc., from the absorb-

ing li({uid.

A method which is stated ^ to have proved successful since

1906 in .a Hungarian artificial silk factor}-, consists in operat-

ing the reels on which the artificial silk is wound by means

of a roller on to which water is sprinkled. In this way the

solvent is washed out of the wet fibers, the supply of water

being so regulated that the liquid flowing off the roller contains

about 14% of ether-alcohol, which is .subsequently recovered by

distillation.

** Cuprammonium Silks " ^ is the general term applied to those

artificial filaments which result from dissolving cellulose in an ammo-
niacal coppi^r solution, forming filaments therefrom, and regenerating

cellulose from the copper-containing compound. The first patent

connected with this process was taken out in France by L. Depeissis

in ISOO,^ but on account of the death of the inventor before the final

acceptation of the patent,'^ according to the French law of that date,

the patent was never published, the only record of its contents l)eing

a synopsis appearing in a French publication. Being abandoned

by the inventor's death, the original is unavailable for reference.

Nothing more was heard of the process until 1S97, when H. Pauly **

patented a process in which the essentials are anticipated by the pre-

drawn into the cylinder along with the vapor-laden air. These l)ecome intimately
mixed in the cylinder and the solvent is al)sorl)ed hy the oil. Oil and air are
«lischarnetl from the pump, the air, now freed from the solvent, escapes and the
oil containing the solvent is collected in a reservoir and subsequently distille<l

to regain the solvent for u.se.

1. F.P. 410555, 190!); see also F.P. 413571, 1909.

2. A. Vajdafy, Vegy^szeti Lapok, Budapest, 1909, 4, 103. Chem. Zeit.,

1910, 34, Rep., 75.

3. For early history see E.P. 1717, 1868; 827, 1875. A. E. Healey (E.P.
185, 1878) treated paper with " copperized ammonia."

4. F.P. 20:J741, 1S90: see J. Persoz, Rev. gen. mat. col., 1899, No. 27, 86; C.
Suvem. "Artificial Silk," 1900, 78.

5. Ina.smuch as the patent of r)ef>eis.sis, although canceled in 1892 on account
of non-payment of the renewal fi*es, remains as a document, the legal value of the

Pauly patents is a debatable (piestion.

6. D.R.P. 98642, 1897; E.P. 28631, 1897; F.P. 272718, 1897.
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viously described process of Dt^peiaaw.* Two years later * M. Fremcry

and J. Urban took out their first patent embo<lying the detaiU of the

process, which, in conjunction with the researches of E. Bronnert,'

\rd to the founding of tJxe Vereinigte Glanzstoff-Fabriken at Elberfeld,

< lermany, which hiis l)een ver>' successful commercially in the develop-

ment of the art "*. The work of R. Linkmeyer in this field begins

in 1904* and has been prolific in overcoming difficulties inherent

in the various phases of the process. A. Bloxam in England has pat-

ented notable advances for the Glanzstoff Company,® while J. Bemberg,^

1. The English Specification has since been restricted by an amendment, so
ticit the original claim of Depeissis, of the addition of a portion of some albuminoid
.Kstaiice to the solution, has been omitted in the latter specification.

2. E.P. «>557, 6641, 6656, 6735, 188>U, 20630, 24101, 1899; 4303, 1900; U5.P.
.7009, 1899; 650715. 661214, 1900; 691257, 70.5748. 1902; P.P. 2S6692, 1899,

,1 First Addition thereto, dated Oct. 14, 1899; 286726, 1899, and First Addition
Uureto, dated Dec. 4, 1899; 286925, 1899; D.R.P. 111313, 1899.

3. Bronnert. E.P. 18260, 1S884. 1899; 43a3, 1900; U.S.P. 646351, 646381,
646799. 1900; Bull. Muhl., 1900, 177; Mon. Text. Ind., 1901, 16, 817.; Bronnert
and Fremery. E.P. 22092. 1907; Fremerv, Bronnert and Urban, U.S.P. 658632,
1900; 672350, 1901; 698254, 1902; 856857, 1907; E.P. 2(»01, 1900; Fremery
and Bronnert, Uii.P. 804191, 1905; Fremery and Urban, U.S.P. 650715, 1900;

705748. 1902; abet. J.S.C.I., 1897, 16, 355; 1900, 19, 239, 240, 314, 531, 659,

819, 821, 1105; 1901, 20, 38, 119, 1207, 1231; 1902, 21, 1150; 1905, 24, 1251;
Ind. Text., 1900, 16, 352.

4. This company, with hpadquarters at Elberfeld, are said to employ at present
over 7.000 hands, other works l)eiiig at Xiedermorschweiler, managed by Bronnert,

and Oberbruch. (Jermany, manageil by Fremery and Urban, and are al«) iiitereste<l

in works at Givet and at Izieux, France. "Givet Silk" was so named from this

firm's protluct manufactured at Givet. The Spanish branch, the Sociedad Espanola
de seda ParLsien, has ceased operations. The British GlanzstofT, Ltd., has started

works at Flint, of a capacity to ultimately employ 2,000 hands.
5. U'^.P. 795526, 1905; 839013, 839014, 1906; 842568, 852126, 857640, 866371,

!'K)7; E.P. 1501, 4746, 47.'>5, 4761, 4765, 6356, 1905; 3*49, 3566, 16088, 1906;
IP. ;i^l67-22, .347*>60, 190t; 350889, 352528, 353187, 3.56402, 357837, 361061, 1905;
I) UP. 18:^.5.57, 1851.39. 1904; abst. J3.C.I.. 1905.24.2.^8,438,670,671,888,967,
loll: 1906, 2o. 1-20. 371, 473, 1090; 1907, 26, 197, 2.52, 406, 606, 868. 1088.

6. E.P. 1283, 1284, 1745, 1905; F.P. 351206, 351207, 351208, 1905; abst.
' S( I., 1905, 24, 855, 856. See Vereinigte Glanzstoff-Fabriken, D.R.P. 218490,
'07.

7. D.R.P. 162866, 1900, and First Addition thereto. D.R.P. 174508, 1905,
in which it is claimed that a copper hydroxide cellulose, reatlily soluble in ammonia,
is obtain^ by the action of alkalis on a mixture of cellulose and copper; for example,
a mixture of* cotton and copper is wetted with water (100-150^'t, of the weight of

the cotton) and ammonia is either added am a solution or the gas is passed over the
mixture. The resulting blue mixture is said to be readily soluble in ammonia,
giving highly concentrated cupro-cellulo.se solutions. Lecoeur (F.P. .381939,

1906; 392868, 392869, 1908; E.P. 14143, 28149, 1908; U.S.P. 967397, 1910;
abst. J.S.C.I., 1908, 27, 221) di.s.solves cellulose in an ammoniacal cupric hydroxide
solution and forces through a capillary orifice into a coagulating bath in the
u-sual manner, but the bath is maintaine<l at a temperature of 27-35°, and consists

of a mixture of equal parts of a solution containmg 44—49% XaOH and a solu-
tion containing 2:J-28% anhydrous sodium carbonate. A rather weaker hath
i.<» employed for artificial hair. After spinning the thread is wound on a Iwbbin,
and plunge^l into a second coagulating bath containing in solution tlie same
amount of car)x)nat as in tlie first liath. but only about 7-8% NaOH. The
copper and ammonia remaining in the product are eliminated by a passage through
a dilute solution of 80<lium l>isulphate to which 1-4% free acid has l)een ailded.

The original .solution is force*! through the orifices at a pressure l)etwe«>n 1 and



498 NITROCELLULOSE INDUSTRY

E. Bcrcnguer/ C. Boucquey,^ J. Chaubet,-^ L. Cuntz,^ E. Eck,* J.

Foltzcr,« A. Kracht/ W. Lake,* A. Lccoeur,»

1.5 k. where size denier 30, 25, and 20 (i.e., 450 meters per gm.) is desired. Especial

emphasis is placed upon the necessity of a thorough treatment of the thread in

the second bath, where it should remain for at least a half hour.

1. E.P. 10545, 1907, in which the solutions in concentrated form are prepared

by treating moist cellulose with an ammoniacal solution to which is subsequently

added cupriQ carbonate.

2. F.i . 376065, 1907, the prescribed formula being cellulose (14 parts) immersed
in a mixture consisting of ammonia (100), water (100), sodium hydroxide (10 parts)

and copper acetate. The cellulose fibers thus become swollen, and a further addi-

tion of sodium hydroxide (5 parts), water (10) and ammonia (10 parts), is said to

bring the cellulose completely into solution.

3. E.P. 14525, 1899; see L. Collardon, U.S.?. 953319, 1910.

4. In the manufacture of artificial silk from cuprammonium solutions of cellu-

lose, sjiecially favorable results as regards luster and strength are said to be obtained

by the use of a coagulating bath consisting of a very concentrated solution of sodium
hydroxide. According to the author's invention (F.P. 383412, 383413, 1907),

results equally satisfactory are afforded by a coagulating bath containing only a
small proportion of alkali hydroxide together with a large proportion of a chloride

of an alkali or alkaline-earth metal. Suitable baths are prepared by di.>«^olving

30 parts of sodium or calcium chloride and 3 parts of sodium hydroxide in 100 parts

of water.

5. E. Eck and E. Bechtel, U.S.P. 839825, 840611, 1907.

6. F.P. 345687, 1904; 369402, 1906, in which the cellulose, dissolved in cupram-
monium solution or other solvent, is led from a reservoir on to a revolving surface,

while one or more felting machines blow animal or vegetable fibers on as it leaves

the orifice. The cylinder revolves in a bath of coagulating liquid such as sul-

phuric acid, etc. The coagulum is detached from the revolving surface by a knife,

and, after lieing pressed between two cylinders, enters a second bath containing

concentrated caustic soda or potash solution, where complete precipitation unfler

tension takes place. The excess of liquor is then removed, and the material is at

the same time stamped with the desired design, and finally washed in dilute acid.

7. F.P. 355(Xi4, 1905, the method consisting in forcing a concentrated solution

of cellulose in ammoniacal cupric oxide solution, 5 to 10%, through a hole larger

than the size of the desired thread, treating the product in a sodium carbonate
bath, then drawing the threads out to the desired fineness, and, when hardened,
introiducing them into a 35% solution of caustic potash or soda.

8. E.P. 3549, 1906; according to Soc. Anon, pour I'Etude Ind. de la Sole Serret

(F.P. 363949, 1906), water-resisting artificial silk having the same tenacity

in the wet as in the dry state, is pro<luce<l by coating natural sil kfil^ers witn
cellulose by passing them through a solution of the latter. To protect them against

the action of the solvents employed, the silk fibers may )ie treated with formalde-

hyde or other compounds having a similar action upon them. The fil>ers thus
coated are spun either together with one another, or with uncoated silk fil)ers.

In the latter case, the uncoate<l fillers are preferably stretched while l>eing spun or

twisted with the coated fibers, so that when the yams produced are submitted to
tension, the strain may be chiefly borne by the uncoated filwrs.

9. E.P. 16442, 1906; 14143, 28149, 1908; F.P. 374277, 381939. 1906; acconling
to this investigator in the precipitation of cellulose from its solution in cupram-
monium, the use of acids in the coagulating liiuiid tentls to give products which
are milky or opaque and not over strong. With alkalis the threads obtained are
clear, supple and strong, but though suitable for the manufacture of thick threatls,

such batlis cannot l>e used for the preparation of threads of a fine or even meilium
titer. The Ix^st results are obtained by using solutions of the bisulpliates of the
alkali metals, of such strength that coagulation is instantaneous and the ammonia
and copper hydroxide completely neutralized. Upon leaving this first bath the
threads traverse a second, more dilute one, and are finally ol>tained in a supple,
elastic and strong condition. Solutions of colloidal hydrate<l cuprammotiitmi
oxide can lie prepared in two ways: firstly, by treating a solution of a copfwr salt

with ammonia and caustic alkalis with subseqiient dialysis of the solution, ant
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\i. Miiller,' R. Pawlikowskir J.Vermccschj^andothers^havccontrihutetl

cniKUy, by the simultaneous action of air and ammonia on metallic copper with
iliMcjuent tlialysia. The liquors thus prepare*! will l>e hereafter referred to aa

liijuors A and B respectively. If liquor A is so preparetl as to contain more than 12
^m. of copper per 1., it contains deleterious compounds which cannot Im? removed
l.y ilialysis. A solution containing only 12 gjn. of cop|x,*r per 1. is, however, only
(•'tl>;il»le of dissolving 30 gm. of cellulose, and this proportion is too small for the
iiiumifacture of a sufficienlly strong filament. It is found tliat the l)est product
in ohtaiiuil if a mixtAire of the two liquors Ije employed, the proportions lH*ing

such that the resulting mi.\ture contains alxmt 25 gm. or more per I. of copper in

the state of colloidal hydrat«<l cuprammonium oxide, but of which no more tlian

;il>out 12 gm. of copper per 1. is derived from liquor A.
1. U.S.P. 77917*), 792888, 1905. F. and A. van Bosch, and O. Muller (E.P.

>42, llKXi) have found that cellulose articles, such as threads, films, etc., pre-
pared by dissolving the cellulose of cotton-seetl hulls by the ordinary solvents
of cellulose (K.P. 3211, liK)6) may l)e produced in a range of colors varying from
reil to pale yellow, by leaving in the cellulose a certain proportion of the natural
coloring matter of the hulls. Darker shades can Ix; obtained by a<lding to the
cellulose the desire*! proportion of the coloretl alkaline liquor obtaine<l in the
first stage of the treatment of the cotton-seed hulls. The colored solutions of
cellulose are formed into solid articles by precipitation in solutions witli an acid
reaction.

2. In this process (F.P. 403488, 1909) cellulose is steeped for several hours in a
olution of copper oxychloride in aqueous ammonia, until it is practically all dis-

Ived. Copper oxychlori<le is a substance of variable composition, but al>out

irt) gm. of it and 850-900 cc. of ammonia of sp.gr. 0.93 will generally suffice for

i!is.solving 100 gm. of cotton wool. The cupric oxychloride may l>e employet! in

ndmixture with other compounds of copper, such as cuprous oxychloride, cuprous
lioride, cuprous oxide, cupric oxide, cupric cari)onate, or cupric hydroxide. It is

latetl tliat the solution of the cellulose takes place more rapidly and completely
than with the ordinary cuprammonium solutions, owing to the presence of the
chlori<!es, and it is not necessary to subject the cellulose to a prelimmarj' treatment
with alkali hy<lroxides or powerful bleaching agents. The cellulose is precipitated

from the solution by treatment w^ith dilute acids.

3. i;.S.P. 83()620. 190C; E.P. 9254, 1906; F.P. 36.5057, 1906; in which is

ilcscrilKx! a process of nmnufacturingglos-sy textile fil)ers from a solution of cellulose
"1 copper ammonia, discharged in the shape of fine jets from capillary orifices,

•ii.sisting in intro«lucing the jets into a precipitating liquid consisting of aci<lulatea
:• nikalinized glycerol, or monosulphoglyceric acifl in water and glycerol, the
in*a(ls l)eing sub.sequently introduce*! into a neutralizing bath consisting of a
-luble salt, as NaCl, in which sulphuric acid can lie substitute<l for the constituent

;icid, employing a «lilute solution of sodium bisulphatc followed preferably by
vv:i.shing. See also Vermeesch, U.S.P. 850695, 1907.

4. Meister, Lucius and Briining (U.S.P. 779175, 1905; E.P. 21988, 1904; F.P.
'i0220, HK)5; abst. J.S.C.I., 1905, 24, 129), introduce cuprammoniacal solution

< iiiitaining alwut 5% of hydrated cellulose into a cau.stic soda .solution of about
4(K;y, then treats with sulphuric acid of 12%. The Ilanauer Kun.st.seidefaiirik,

Ilanau (E.P. 10164, 10165, 1907) pa.sa cellulose, dissolved in an ammoniacal solu-

tion of cupric oxide, from an openmg or former, through heated caustic soda solu-

tion so as to form a film inclosing a liquid internal portion, then exposing the
protluct to the air until it becomes .solidified throughout, and then pa.s.sing it

through caustic soda solution and if it l>e de.sire<! to decolorize the product sul>-

jocting it to the action of acidulated water. They find (D.R.P. 220711, 1JH)7;

222S93, 1908) where sulphites are used as coagulants, more brilliant fillers

are pro<luced, whereas bisulphites favor a more thorough coagulation and pro-
duction of thinner fillers. The wa.shing out of the copper, which for the greater

art goes into aqueous solution as copper tetra-aminesulphite, is rea<lily effected.

n their D.R.P. 221041, 1908, cuprammonium cellulose solutions are forced throtigh

fine orifices into coagulating baths consisting of cold or warm, saturate*! solutions

of bisulphites, e.g., sodium bisulphite. The coagulating bath may be reinforced,

during the process, by passing sulphur dioxide through it. The fibers are tlien

K
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mainly along the lines of preparing ammoniacal solutions in which the

minimum of ammonia is used and in the mechanical details of spinning

acceptable filaments. Many of the suggestions herein recorded

and changes advocated are too recent for time to have demonstrated

their respective merits. The different precipitating solutions, pre-

liminary treatment of the cotton or cellulose, solution of the copper

from the spun filament, alkali solvent recovery and production of

maximum lust(;r, are the topics which apparently have received the

most minute attention.

The process in general requires very great care and attention to

detail for commercial success, a condition of uniform low temperature,

and a fixed ratio between copper, ammonia and cellulose.^ The lat-

ter gives l)est results when mercerized or oxidized, the finished thread,

in its dyeing properties at least, deporting itself like an oxycellulose.^

Cuprammonium filaments are no more^ inflammable than cotton

cellulose. A former great drawback to the success of this process

lay in the fact that cellulose cannot readily be dis.solved directly in

large quantities of annnoniacal oxide of copper in such a manner that

the solution may present a degree of concentration sufficient to permit

washed with dilute acids to remove the traces of copper, then washed with water
and finally treated with sodium carbonate solution at a temperature about 70°.

The ammonia is readily recovered from the coagulating bath after the process,
while the copper, which is chiefly present in its tetramine sulphite, can be easily

removed from the filxjrs by washing. See alsoC'onsortium Mulhousien pour la Fabri-

cation dc Fils Brilliants {E.P. i:«:n, 18<){>); H. Reisenfeld and F. Taurke. Ber., IIM).').

38, 279S. (i.'Guadagni (E.P.126r), 190S; 25986, 1910; F.P. 3863:^9, 1«H)8: D.R.P.
216669, 1908; abst. J.S.C.L, 1908, 27, 682) has devised an apparatus for producing
copper-ammonia-cellulose solutions with a view of effecting a more ready action
at a lower temperature, whereby the Schweitzer solution is overlaid with the
moist cellulose and through the solution air is blown and then, saturate<l with
ammonia, is led through the moist cellulose, thereby effecting the solution of the
latter.

1. E. Berl (Chem. Zeit., 1910, 34, 532) has investigated the formation and
properties of cuprammonium-cellulose, and finds that only ammoniacal solutions of

copf)er hydroxide or of basic copper salts dissolve cellulose; ammoniacal solutions

of crystalloid cop{:>er-totramine sulphate, ('uCNIij)!^!")^, do not dis-solve it. The
viscosity of cuprammonium-cellulose depends on the previous preparation of the
cellulose, the quantity di.ssolved, and the age of the .solution. The solution greetlily

absorbs oxygen, oxycellulose of little value for spinning, l)eing formetl. On dialyzing
cuprammonium-cellulof^? in ammonia, a jelly is obtaine<l, which on drying in P<iruo

over sulphuric acid, gives a blue powder, soluble in ammonia, and containing 69..V*,',

of cellulose and 30.5% of copper hydroxide. A greenish-blue powder soluble in

ammonia and containing 62% of cellulose is obtaine«l by precipitating -ctipranmio-
nium-cellul(Kse with formaldehyde. Alcohol precipitates a mixtui-e of cellulose

and black cupric oxide, which is no longer soluble in ammonia. The format it»n

of cuprammonium-cellulose is .><tated to Ik* a colloidal i)lu'nomenon, the colloidal

portion of the cupranunonium hvdroxide joining the celluh)»e to form an mls<irption

pnxluct .soluble in ammonia; this explain>< the various rejictJons anil the want of

.stoichiometric ratios lietween the copix'r and cellulose on solution and preci])itation.

2. Pnid'homme (Jour. Soc. Dyers. 1891, 14S); E. Bronnert (Rev. ^Iat. Col.,

Sept., 1900, 267), note's that the hyiirocellulo.se of Cirard is almost insoluble in

cuprammonium, as is starch, but is rendered soluble by alkali treatment.
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of spinning acceptable filaments. Of the numerous processes suggested

to overcome thU obstacle, nearly all have lx?en based upon the ener-

getic action of fixe«l alkalis before the solution, with a view to pro-

ducing a previous dehydration of the cellulose.

Cuprammonium silks, as compared with those prepared from the

cellulose nitrates, are not combustible or explosive, are equal to the

latter in tenacity and elasticity, ami do not po-ssess the scroop (rustle)

of natural weighted silk. The methods of production are free from

danger, no inflammable solids or solvents being employed, and the

dcnitration process (so expensive and troublesome in the Chardonnet

silks) has no counterpart in cuprammonium filaments. The rela-

tive point of expense is a debatable question. While at first glance

it might seem that the absence of the denitration process would

place the cuprammonium silks at a much greater advantage as to

cost of production, the advocates of the nitrocellulose silks have

called attention to the multitude of mechanical refinements in pro-

duction as a tendency to offset this. WTien these filaments are placed

in water they often display an easily observed fluorescence which

the nitro silks do not.

Qlanzstoff SilkorQivet Silk, also known as " Parisian Artificial Silk,"

" Soie de Paris," " Lustra Cellulose," " Oberbruch Silk," and " Artiseta,"

Ls the development of Fremer}', Urban and Bronnert, and is, commer-

cially, the most successful of the cuprammonium-cellulose processes.

While Dcpci.ssis proposed to prepare the cellulose solution by dissolving

cellulose at the ordinary temperature in the ammoniacal copper solu-

tion, the mode of working was defective because the liquid was too

t^low in dissolving the cellulose, often two weeks being required, and

furthermore, the solutions were so dilute that the percentage of con-

tained cellulose was relatively small. Moreover, solution was always

accompanied by oxidation, which greatly changed the cellulose

molecule, and in a manner detrimental to the spun filament. In the

11. Pauly patent^ this oxidation is materially reduced by preparing

1 H Pauly, E.P. 28631, 1897; IP. _'7-718, 1897; D.R.P. 98&t2, 1897; Sw.P.
lt)077 (issueil to Fremery and Urban;, li is claimcfi that Fremery and UH)an
t<K)k out these patents under the name of Pauly. The original process consistc<l

in freeing cellulose from fats and oils by dilute caustic soda, then dissolving in

ammoniacal copper solution prepared by dissolving copper turnings (preferably

mixetl with the turnings of a more electro-niagnetic metal such as platinum) in

an upright tube, allowing the aqua ammonia to trickle tlown, and at the same time
forcing oxygen up the column. The best strength of solution was found to be
1.3 gm. copper per liter in which about 45 gm. of cellulose would dissolve by digesting

for R}v>ut eight days. To prevent the cellulose precipitating and decomposing, the
»• :re was kept below 30°, the solution liltereil through gla.ss wool or sand

coagulated by dilute acetic acid, and dried in warm air. Ix-ngthy

-i. •H-iiiniuiis of the Pauly process to l>e fountl in the literature, are descriptions of

the subsequent refinements of Fremery, Bronnert and Urban.
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the solution in the cold, after the method originated by J. Mercer.

Still solution of the cellulose was slow. Bronnert materially reduced

the length of time necessary to properly effect this solution, by first

transforming the cellulose into its hydrate.^ The soda cellulose

formed is then triturated with finely divided crystallized copper sul-

phate, and subsequently treated with ammonia, the substances being

used in the proportion of their combining weights as follows: 162

parts by weight of air-dry cellulose (cotton or purified wood pulp)

in a finely comminuted state, 80 parts NaOH and 500 parts water are

brought together, stirred thoroughly and after the lapse of an hour

or two, 250-255 parts (theory calls for 249) blue vitriol crj'stals are

added in small quantities in order to keep down the temperature, a

pale blue, uniform mass resulting. Aqua ammonia of 26° B6. is then

poured over in amount equivalent to about 15 molecules. Solution

readily takes place, a semitransparent and viscid mass resulting,

When the sodium sulphate formed as the result of the interaction sub-

sides, the supernatant solution is separated by decantation.^ The reac-

tion is considered finished and the fluid suitable for spinning when 4-5 cc.

run from a burette or other small orifice forms a continuous thread ^

1. W. Normaim (G. Z. Celluloid Suppl., 1906, 21, 3; from Chem. Ztg., 1906, 47)
finds that cellulose impregnated with a solution of copper hydroxide in caustic

smla profluces a copper sotla cellulose compound containing 1 molecule cupric

oxide for 2 molecules cellulose, that this compound is insoluble in dilute anunonia,
and that this is the reason why a solution of cellulose in Schweitzer's reagent can
be precipitated by sodium hydroxide solution, as in the manufacture of artificial

silk. In E.P. 20801, 1900, Bonnert, Fremery and Urban, the cellulose is dissolved

in a concentrated "solution" of cupric carbonate in a 16-18% solution of ammonia.
In Bronnert's preferred formula, 100 k. cellulose are mixed with 1,000 1. of a solu-

tion containing 30 k. sodium carbonate and 50 k. caustic soda, and warme<l in a
closed vessel for about 3J hours under a pressure of 2J atmospheres, the mercerized
cotton thus obtained being dried, bleached, washed, and agam drie<i, when it

is ready for the cuprammoniaciil solution (Sweitzer's reagent). The Rheinische
Kunstseide P"'abrik Akt-Ges. (F.P. 405571, 1909) descril)e a process in which cotton-
seed hulls is utilized as the source of cellulose. The solvent is prepared by treating
1-3 parts of solid copper suphate with 2-4 parts of a solution of sodium hydroxide
at 21° B^. and adding to the mixture 5-15 parts of aqueous ammonia of 25° FW'.

The solution is then cooled to 0°, the crystals which form are separated, the liquid

being sufficient for dissolving one part of cellulose at any convenient temperature.
2. U.S.P. 658632, 1900; 672350, 1901; the temperature of solution Iwing kept

within -5° to +5°. See also Fremery and Urban, E.P. 6641, 24101, 1899.
3. U.S.P. 646351, 661214, 1900; the cuprammonium is prcparetl by forming

a saturatetl aqueous solution of cupric sulphate, filtering on account of the sepa-
ration (among other things) of a small amount of cupric carl>onate from the car-
b(Hiates normally present in the water, or by the addition of a small amount of
sulphuric acid, which, by dissolving the copper carlKHiate, causes the solution
to clear up again, .\mmonia is then addeil in small portions and with m\ich
agitation of the copper solution, a pale blue prtKiipitate of cupric hydroxide lieing

f«»rmed. Addition of ammonia is continuetl until a drop of the filtrate produces
no precipitate with ammonia, but docs precipitate blue upon addition of a drt>p
of a cupric stdt. The mixture is then brought into a centrifuge containing a felt

lining, the ammonium .su!i)hate formed in the reaction removed and iised f«»r ferti-

lizing purposes, and the cupric hydroxide washed pnicticHlly fret! from sulphates.
.Vnunouitt ia then again added, when the copjKT parses into the deep blue solution
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without visible solid • particles.^ It is then forced under a pressure

of 1.5-2 atmospheres through a draw plate containing holes 0.12-0.15

mm. in diameter, into a precipitating bath of acid or alkaline glycerol,

soilium clUoride or so<lium bisulphate, to remove the copper present

in the filaments.^

The washing is an important division of the process, for in con-

tradistinction to the ordinary porous and absorbent cotton thread,

the gelatinous and difficultly permeablp cuprammonium filament

is not readily penetrated by fluids. In the preferred metho<l of wa.sh-

ing of Fremerj' and Urban "* in which the threads are spooled or in

a coile<l-up condition, they are brought in contact only with com-

paratively small (juantitic;; of the wa.shing fluid in order not to dilute

too suddenly the liquid adhering to or contained in the threads, and

thereby avoid the formation of insoluble basic salts, or combinations

with the salts used in, dissolving the cellulose. This may be best

effected, according to the patentees, by causing the water to flow

of cuprammonium, a small amount of ferric hydroxide (from iron always present
in commercial blue vitriol), being removed by filtration. .\lthough an excess of

ammonia in the solution is not detrimental, it is a useless expenditure of money.
A satisfactory working concentration of the cuprammonium is such that each
liter of solution contains between 10-15 gm. copper, solutions of this copper content
lieing capable of dissolving 45-50 gm. cotton cellulose. Hime and Noad (E.P.
7716. 18S9) facilitate the oxidation of the copper elect rolytically; C. Wright
cnmjples up sheet copper, places in a tall cylinder and covers with ammonia, when
atmospheric air b caused to bubble through the liquid column at a spee<l equiva-
lent to about 40 times the volume of liquid used per hour, the process requiring

alwut six hours. Erdmann (J. pr. Chem., 76, 385) concludes that the cuprammouia
solutions of cellulose are not, strictly speaking, solutions of cellulose at all, the
latter being rather diffused and gelatinized through a highly hydrated and atten-

uate«l solid. On the other hand, Cramer has apparently demonstrated b^ osmotic
pres.>iure experiments that this inference is untenable, and that the solution of the
cellulose may lie more properly considered as complete.

1. U..^.P. 804191. 11K)5; E.P. 128;J, 1284, 1<K)5; F.P. 351206, 351208, 1905;

D.R.P. 169567. 1905. Inasmuch as the solubility of the cellulose decreases as
the temperature of the cuprammonium salt solution increases, while the decom-
position of the cellulose increases with increasing temperatures, the mixture should

be kept comparatively cool until the cellulose has been completely dissolved in

order to prevent decomposition.
2. In E.P. 22092, 1907, the patentees claim that when the cellulose is precipi-

tated from its cuprammonium solution by passing into a solution of caustic soda
at a temperature of 45°-60° the decomposition of the cellulose solution is almost
instantaneous, and the speed of drawing off the thread may l>e increa.sc<l over

that employed when the caustic so<la solutions are used at a lower temperature,

without fear of breakage. The products obtained at 45°-65'' take up dyestufis

more strongly than th()se obtaine<l at 40°.

3. In E.P. *.>268, 1908, glucose, saccharose and lactose are claimed as precipi-

tating liquids, at a temperature of 45-75**, when the process used is that described

in E.P. -27707, 1907.

4. U5.P. 661214, 1900; 705748, 1902; the reason given for washing successively

with small amounts of water is that by bringing cellulose filaments in cotitact *-itn

a great bulk of water, basic salts such as zinc oxychloride, or insolul>le metallic

compounds such as cupric hydroxide readily form, ttn<l which cannot l>c cliniinate«i

by continue*! washing with water alone. For utilizing the refuse fnim the manu-
facture of artificial silk from cellulose see Verein. Glanzstofl-Fabr., E. P. 15700, 1910.
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successively over a number of spools of filaments, and arranged one

over the other. The supply of washing liquid is so regulated as to

bring only such small quantities (and this is important) at once into

contact with the spooled cellulose, when the fonnation of insoluble

basic salts is prevented. As soon as the uppermost spools are entirely

washed they are removed, the lower spools being successively trans-

ferred from below upward, and nearer to the supply of wash water.

Yia. 137.—Washing Artificial Filaments According to Fremery and Urban.

This method of washing is shown in Fig. 137, in which .1 denote;^

a suitable reservoir or other source of supply for the washing liquid

with one or more delivery pipes B, having cocks or valves 6 and per-

forations in those portions of the discharge-pipes which Ik- iimiudiately

over the superposed spools w of cellulose threads to be waslu .1. Tlicse

spools w are mounted on arms d, arranged in a suitahlr fraiiu I), so

that they can be readily transferred from one pair of supix)rting-urms

to another.
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In a more recent* invention these inventors claim that when
an ammoniacal cupriferous Holution of cellulose prepared at a tem-

perature below 10**, as described in U.S.P., 617009, is projected through

a suitable opening, such as a slit or a comparatively wide cylindrical

orifice into a strong caustic alkali solution, that is to say, a solution

having a sp.gr. of 1.280-1.320, the film produced in one case and the

thick thread in the other are brilliant, strong and elastic, and are,

moreover, waterproof even when they have been washed with acid

to remove the copper they contain. Thus the thick threads made
in one operation, that is to say, without spinning several fine threads

together, as has been customary heretofore, are excellently suited

as substitutes for horsehair.

The following examples illustrate the invention:

Two hundered and forty k. of cellulose, previously treated suc-

cessively with a cold concentrated solution of caustic soda and an
oxidizing bleaching agent is described in U.S.P. 646531, arc dis-

solved in, say, 3,000 1. of a cupriferous ammoniacal solution at a

low temperature in the usual manner, and the solution is injected

through capillary tubes into a strong solution of caustic soda, pref-

erably a cold solution containing not less than 20%. The threads

of coagulated cupriferous cellulose thus produced are wound up,

washed with water until free from adhering caustic soda, and dried

under tension.^

Another modification of the process results from^ projecting

cellulose in a cupric ferrous ammoniacal solution, through capillary

tubes into a liquid capable of precipitating the cellulose, such as

dilute acetic acid, winding the wet thread thus produced onto a roller

revolving in a bath of dilute acid, such as acetic, and after washing

away the copper and ammonia drying under tension. The economical

value of the process resides in the fact that both the ammonia and

copper can be recovered from the acid solution. When, however,

the process is used for making threads of considerable thickness or

for making films, to which purpose large capillary tubes -or slit-shape

openings must be used for the injecting apparatus, the threads obtained

1. See US.P. 856857, 1907; E.P. 16495, 1907.
2. U.S.P. 804191, 1905; in E.P. 16495, 1906, the threads or fibers passinR

from the noszles through the precipitating liquor are laid in groups on conveying
bands which move in an upward tlircction, at a speed regulat^ to the rate of flow

from the nozzle.^. On these bands the filx?rs are washeti or irrigato<l (on the counter-

current principle, so that the chemicals used can be ea.silv recovered) to free them
from the precipitating liquid, and then passed to cylinderc upon which they are

dried.

3. E.P. 1283, 1905; sec E. Brandon! »erger. E.P. 15190, V.HYJ; J. Brandenljerger,

E.P. 24809, 1908; F.P. 405429, 1908; abet. J.ti.C.1., 1909, 28, 851.
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are so dull and inelastic that they are practically useless, and the films

are not transparent, being brittle and tender.

To produce thick threads, films and ribbons * cuprammoniacal

cellulose solutions are injected through slits, into strong caustic-alkali

solution, and afterwards immersing the forms thus produced, before

they are washed into a cold strong solution of caustic alkali; contain-

ing no less than 20% NaOH or treating them centrifugally with

such solution for a shorter period. This solution may be that into

which the cellulose solution was injected in order to produce the form,

in which case it will contain a little ammonia; the ammonia is advan-

tageous provided it does not exceed about 6% of the solution, when

it begins to dissolve the surface of the cellulose form, and thus to

roughen it.^

It is better, however, to use a fresh solution of caustic soda, and

to apply it with aid of centrifugal action, such as that adopted in

mercerizing hanks of cotton. For instance, the threads may be wound
on the perforated drum of a high-speed centrifugal machine, and the

caustic soda solution may be introduced through an axial perforated

pipe; after some two minutes water is substituted for the caustic

soda solution, and finally the threads are rinsed in acid and dried

under tension. Or the skeins, impregnated with caustic soda, are

introduced into the centrifugal drum and sprinkled for some minutes

with caustic soda solution while the apparatus is in operation, then

with water, then, if necessary, with acid, and afterwards with water;

diying under tension follows.

In this manner the cellulose form, it is said, becomes more trans-

parent, clear, stronger, and more elastic. These enhanced properties

are retained if, after the alkali treatment, the form is treated by acid

or another suitable solvent to extract the whole or a part of its copper.

The duration of the treatment with the alkali is determined by
the thickness of the form, as the thicker it is, the longer it resists

penetration by the alkali.

1. E.P. 1745, 1905.
2. E.P. 6557, 1899, prepares the cellulose for solution by treating for twelve to

eighteen hours in a bleaching bath corresponding to 15 gin. "chloritle of lime" per
1.; E.P. 6735, 1899, dries the formed filament Ixilow 4()° ni a vacuum; while E.P.
'20630, 18i>9, describes a mcthwl of removing water from the threiuls by first

dipping the threads or films into hot water or steam to render them porous, and then
<lrynig as hi previously mentioned pro<;ess. This method of drying after immer-
sion in hot water or steam is base<l upon the obs<«rvation that the drying prtx!es.s

takes place in two distinct steps, the first lx?ing upon the removal of the mechani-
cally held moisture, and takes place comparatively rapidly. The secon<l step in

evaporation takes place very slowly, explainable on the supposition that this
moisture is chemically combined with the cellulose. The object of submerging
partially dried cellulose in hot water is to break up the loose chemical union
l)etween water anil cellulose, the proces.s of «lrying, it isclainunl, Ixung then effectctl
in one-quarter of the time which would otherwise be required.
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The process is claimed to be particularly applicable for making
thick, highly elastic, transparent, and unusually strong thn^ads and
films, such as artificial horsehair, embroider)' threads, and photo-

graphic films. The thn?ads, after carlxmization, serve as electric-

light filaments, and the carlwnized films for telephonic pur[)oses.

To avoid deformation, the forms made according to this invention

must be dried .un<l<^ tension, but preferably at the ordinarj- tem-

perature. The decomposition of the cuprammonium by the dilute

acid used as the coagulating medium for the formed filaments, changes

the copper into a salt, usually the sulphate. Ammonium sulphate

is also present, the method of recovery of the copper depending on the

disposition to be made of the ammonia. Perhaps the simplest way
is to deposit the copper u|X)n loose thin sheets of iron laid in the solu-

tion, an amount of iron being dissolved corresponding to the quantity

of copper precipitated. The separated copper requires but careful

washing, to be reused after solution in sulphuric acid, or the fine cop-

per may be directly dissolved in ammonia. To recover both ammonium
sulphate and copper, the liquid is neutralizwl with ammonia, thus

forming ammonium and copper sulphates, liy addition now of more

ammonia, cupric hydroxide separates and all the copper may thus

l>e precipitated and immediately used. The solution of ammonium
sulphate is most economically utilized direct as a fertilizer, being

too dilute to evaporate to drj-ness and recover the solid salt.

R. Linkmeyer has solved many of the problems connected with

the production of cuprammonium cellulose filaments, his method

being to first immerse the cellulose in a weak bath of ammoniacal

cupric oxide in order to induce superficial swelling of the cotton

filjers and the deposition of metallic copper thereon,' the active solu-

tion being effected in a subsequent and concentrated solution of cop-

per in ammonia. In this manner is obtained sufficient cellulose dis-

solved in a unit volume of fluid to give the viscosity advantageous

for spinning.^ The process may be applied commercially as follows:

Seven gm. cotton, freed from grease and bleached, are placed in 150-

l.SO cc. of ammoniacal copper oxide solution containing about 12 gm.

cop|)er anil 90 gm. ammonia per 1. and to which there has previously

been addetl, 6 cc. caustic soda solution of 40-50° Bd. After remaining

1. US.P. 795526, 1905; E.P. 4755, 4761, 1905; F.P. 346722, 1904; 353187,
356402, 1905.

2. The first loath .serves to soften, swell and (lisintc^rate to some extent the

fibers and to fix upon them the oxide of copper dissolved by the ammonia. The
fillers then dissolve speedily and readily in a concentrate<i solution of ammoniacal
copper oxide. By proceeding in this manner it is claimed the conversion of

the oelluloee into oxycellulose or the hy«lration of the fillers is avoided. Further,

the suooesB of the solution depen»ls less upon the tem|)eraturc than upon the other

processes. Solution takes pUiu;c as well at 10-15° &$ at a lower temperature.
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for 2-3 hours in this bath, the fibrous material is removed and freed

from excess of lirjui'l by i)resaure and then dissolved in UK) gm. ammo-
niacal cupric oxide containing 16-lS gm. copper and 200 gm. ammonia

per 1. In this manner a viscous solution is obtained which may be

diluted with water, and after careful filtration is ready for conversion

into filaments. In order to decrca.se the fragility of threads spun into

a dilute sulphuric acid coagulating medium Linkmeyer has observed ^

that the weakening of the filament appears to be duQ to the fact that

a large part of the ammonia becomes free in the solution after the

cellulose has been dissolved. In order to overcome this weakening

tendency a portion of the ammonia in the cellulose solution is removed

by a vacuum before the filaments are formed. By this previous

extraction of uncombined ammonia, dilute sulphuric or other min-

eral acid may be used as the coagulant and copper solvent without

seriously affecting the tensile strength of the finished filament. In

order to increase the brilliancy of the threads, the following method

of operating is advocated :
^ the solution from which the free ammonia

1. U.S.P. 839013, 839014, 1906; E.P. 4746, 4765, 6356, 1905; 3549, 1906;
F.P. 347960, 1904; 352528, 357837, 361061, 1905; D.R.P. 183557, 1904.

2. Linkmeyer and M. PoUak, U.S.P. 842568, 1906; E.P. 1501, 1905; F.P.
350888, 1905. Whatever liquid is employed for the precipitation, the thread
obtained generally lacks strength, especially in the moist condition. This remark
is particularly applicable to threads obtained by precipitation in acetic acid or

in a relatively concentrated acid of from 30-65%. The reason for this want of

strength would appear to be due to a sort of decomposition produced by the presence
of free ammonia in the solutions before the precipitation or in tne coagulated
threads at the moment at which they are to be submitted to the acid washing.
When fixed alkalis are employed for effecting the precipitation, the threads ol)taineti

present an opaque appearance, which is apparently likewise attributable to the
effects of this decomposition, and it is probably owing to this opacity that the
employment of alkaline liquids for the precipitation has not l>ecome general, l>ecause

it had already been noticed that they produced stronger threads. This peculiarity

has been utilized in the manufacture of a kind of felt, E.P. 3164, 1899.

If soda or potash lyes are employed for the precipitation bath Linkmeyer claims
merely a coagulation is produced, part of the ammonia' passing into the precipita-

tion bath, and after the washing of the threads with acid it is found that they are
stronger than those precipitated in acids. If, however, immediately after leaving

the precipitation batn the ammonia still contained in the threads is eliminated as
completely as possible before freeing them from the oxide of copper that they still

contain by a washing with dilute acid, their strength will be largely increased
and the decomposition referred to above will not take place.

The elimination of the copper by washing is effected particularly readily when
the oxide of copper has \xicn converted into a salt dissolving readily in acids

—

for example, into copper carbonate.
In oraer to eliminate the ammonia from the freshly formed threads, they may

l)C treated by means of air, which pro<luces the evaporation of the ammonia and
precipitates the copper as hydroxi<le, a portion of which is then converte<l into

carlx)natc by the carlmnic acid in the air. For example, the threads are wound
uiKm a cylinder arratige<l outside the precipitation bath, which may Ik; twr-
forute<l and arranged in such a manner a.s to permit an injection or suctUMi of air

through the layers of thread. When the threads have l)ecn precipitate<l in a so<la

lye. for example, they leave it with a blue and transparent appearance, a^id by
ineuns of the treatment dcscrilicd above they gradually assume a pale lilue tint

and bccumo opaque, and wheu their ap{)curutice uo lougcr undergoes modification
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has l)oen withdrawn jvs drscrilxul ubovc, ks causeti to pass through

small aperturt's into acid dilutotl to such a dcgrt*** tliat it i« not capa-

h\c of instant Ijr combining with the salts in the cupric solution, for

example, sulphuric acid of 2-1.')* ,' strength. Then the threads obtained

are passe<l directly into caustic sotla solution of 2')-35° H6. strength.

After rinsing in water to free from caustic, the threads are nm into

an excess of o% sulphnric acid, agitated therein until neutral, rin.sed

and dried: If the threads are stretched to the extent of 1/5-1/25

(if ih(ir length during the drj'ing process' the brilliancy is also mate-

rially enhanced. If the stretching be done in the acid bath ^ the

tension may be releas<^l during drj'ing without the threads returning

t<» tluir original length. In another differentiation ^ the threads

are s(iuirted into a ga.scous atmasphere which is saturated with an

atomized coagulant, by means of mechanical humidifiers, as of the

l)n»>(ii)hor type. Linkmeyer has found* that it is possible to extract

from an ammoniacal cupric-cellulose solution a large part of its ammonia
without a precipitation of the dissolved cellulose taking place, this

extraction being best effected by vacuum suction, and agitating the

ma.ss to facilitate liberation of ammonia gas.* In distinction from

those processes in which the whole of the ammonia has been left in the

solution of cellulose in order to subsequently precipitate it in the form

of a salt corresponding to the acid employed, vacuum recover}' permits

of a considerable portion of the ammonia being regained in a form

immediately available for reuse.* After the elimination of the uncom-

they are in the most favorable state for i)eing sul)initte<l to washing with dihite

acids, which impart.s to them the transparency of gla.s^ and removes their coloration.

1. F.r. 3.t()S.S«», V.H):>. The process of H. Bernstein (I'.S.P. 900791, 1910)
af)parentiy contains nothing new.

2. K.P. 160W. llKXi.

3. D.R.F. 1H5139, 1904.

4. U-S.P. Ki25GH, H.V2126, 1907; see also U5.P. 945559, 1910; E.P. 4104,
l<K)i»; al«t. J.S.C.I., IIKK), 28. 934.

5. The exactness of the a.s.sumption that a portion of the ammonia is liberated

a^ a result of the di.s.soiution of the cellulose would appear to l»e demonstratetl
by the fact that if in a verj' complete vaeumn a bath of ammoniacal oxide of copper
is free<l from all the ammonia not combined with the oxide of copper, cellulose then
lieing dlssolvetl therein, it is foimd, upon re-establishing the vacimm aliove the
Ituth that large quantities of ammonia gas are again lil>erated.

(>. In onler to dissolve 1000 gm. cellulose from 3,000-4,000 gm. ammonia are
HMjuiretl, and as the result of evaporation anil other losses, there are used about
4,.500 gm. ammonia per k. finisheil thread. It thus becomes evident that processes
iitr ammonia recovery have a relatively high value. To still further re<luee the
cost of production. Linkmeyer (D.R.P. '206883, 1907; l'.S.P. 9<i2709, 1910; abet.
J.S.C.I., 1?H)9, 28. 362) replaces part or the whole of the alkali hydroxides used as
the coagulating me<lia by alkali or alkaline earth chlorides, it having l)een found
that the latter can take the place of the more exfiensive former, when a small amount
of sodium or pota-ssium hy<lroxide is also added to increa.se the power of coagula-
tion. In addition it ha.s IxH'n f»l)ser\ed that the stnictun's coagulate<l in this manner
liave the same properties an those which have \teon coagulate<l in pure so«la lye.

In practice, al)out 28 k. sodium chloride are dissolveil in HX) 1. water, and 3 5 k.

of sfKlium " oxidehydrate " added to the solution thus obtained. Tlje whole
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binptl ammonia, the threads are formed as described above. The

method of dryinjj proforrod is shown in Fip;. 13S, 1 being a plan view,

and 2 a sectional view on line 2,2. The threads are. wound oh the

l''i(j. I.'IS.—Linknioyor Process for Mam:
faoturing (llossy Collulose Threads.

Fig. 139.—The Thiele Artificial

Silk Spinning? .\pparatr.s.

eylindor a, h arc radial holes, and c a central opening into which is

fitted a pipe d, perforated with corresponding holes, one end being closetl

mixture is then hoiled and ustnl while still hot. The incorporation of carl»o-

hyd rates is proposed (U.S.I'. (m277(), l'.)10; E.P. 14112, 1!K)1>; abst. J.S.CM., 1910.

29, 622) to increase the stability of the ammoniacal copper oxide .«olutions of cellu-

lose, mannite, cane sugar or gums being recommendetl . For example, 400 gm. cop-

I)er sulphate are dis.solved in water and mixed with 240 cc. cau.stic so<la .solution

of 3K° B<^. strength, also diluted with water. Then 20 gm. dextrin, cane sugar or
mannite dis.solved in water are added. In this solution is submerged 200 gm.
finely cut cotton fil)er, which is afterward pres.scd out by a filter, the pulp contain-
ing the cupric hydroxide together with the organic substances adde<l. This niikss

is then ilis.solve(l in 1000 cc. ammonia, sp.gr. 0.910. F^ither simultaneou.sly with
the addition of the ammonia or soon thereafter a further amount of carbohydrate
may In? added if neces.sary. The patentee claims this method prtxluces i)erfectly

homogeneous solutions for artificial filament pnKluction. H. liernstein u.>ie.s

sugar (U.S. P. 9n')273, 1910) or mola.s.ses (U.S. P. 9«>r)r).')7, 1910) for the same pur-

f>08e,
while V. Mertz (U.S. P. 9549S4. 1910) stabilizes the cuprammoniimi solution

)y the addition of sodium pota.ssium tartrate, 1%, and glycerol, or ammonium
persulphate 1-2%. Potas.sium or ammonium permanganate or ammonium p<'r-

chloratc may also Ijc used.
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by the stopper e. Air injoctetl or exhausted through the pipe d passes

through, and dries the layers of thread wound upon the cylinder a.

•* Cellulo *• Silk is the commercial name which has been applied

to the artificial filament originally developed by E. Thiele, aqd more

recently with the assistance of W. Dreaper, and which is a modified

copper-ammonia process. The apparatus (Fig. 139) for the manufacture

of artificial silk according to Thiele ^ is characterized by the formation

of the threat! being efTected in a freely suspended column of liquid

—

supported in a vessel only by the pressure of the air, the vessel being

provide<l with a narrow opening in the bottom. The effect of this

arrangement is that the precipitation bath can be under a low pres-

sure, which can be varied, as desired, accordingly as the column of

liquid is higher or lower and according to the speed at which the

precipitation bath flows through, the passage of the thread through

the opening being thus greatly facilitated by the low pressure. More-

over, this invention enables the thread which sinks down in the bath

to be removed without the necessity of altering the direction of the

thread, as must be done in those spinning vessels, which are closed

at the bottom. This reversal of the direction of the thread, however,

as is practiced in the ordmarj' spinning vessels by means of guide

rollers, elbow pipes, and the like, often involves breaking of the

thread and pnwents the detached and falling entls of the fibers from

being rejoined to the botly of the thread. This disatlvantage is in

a measure obviated by the present invention, as the threads after

running through the suspended column of liquid pa.ss immediately

outside the bath without alteration in their direction, and can bo

further treated—such, for example, as being wountl up.

The .spinning liqui<l enters through the rose or nozzle a in " thread

form." The threads formed run through the funnel 6, which is closed

at the top and open at the bottom, and the funnel or deliver}' pipe d,

flexibly attached by the hose coupling r, and are set by means of the

precipitating bath contained therein. In order to renew the pre-

cipitation bath and insure a better protluction of threatls, fresh pre-

cipitation licfuid is admitte<l .slowly through the supply pipe e and

discharged again through the opening at the Ijottom of the funnel pipe d.

Ill winding the threads on the rotary drum / the funnel pipe d,

which is flexibly connected with the .spinning funnel, enables the

threads to \w slowly moved to and fro over the dnim, and thus uni-

1. L-S.P. 750502, 1904; F.P. 3;J4507, 1903. Letters Patent in Germany,
dated Dec. 24, 1902, and for a deiiign patent in Germany. date<l Jan. 15, 190i3,

and for Letters Patent in Belgium. date<i .\ur. H, 1903; in England, dated July
•2S. 19(W; in Italy, dated Aug. 10, lOaj; in Austria, datetl Aug. 6, 1903; in Sweden,
datctl July 30. 19a3, and in Switzerland. «late«l July .30, 1903.
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formly distributed thereon. In Fig. 140 at 1 numerous filaments

issu(^ from the perforated rose-like end of tlie tube a and are consid-

erably extended by their own gravity in passing down through the

tube 6,. filled with slowly acting precipitating liquid. They are then

led through the narrow connecting passage c into the tube d, which

is filled with rapi<ily acting precipitating lic^uid, and after leaving

d they are wound up in the usual way, scoured, and washed. The

passage of the filaments is indicatc^l by dotted lines on the drawings.

The tubes b and d are provided with supply and discharge pipes e f
g h for discharging the precipitating liquids when they have been

rendered inefficient after long use, and replacing them with fresh

liquids. For enabling the tubes b d to he cooled or heated, as may
V)e required, they are surrounded by jackets i k, through which a cool-

ing or heating fluid is made to circulate.

In the arrangement at 2 the filaments issue from the tubes II an<l

pass through the vessel m, filled with slowly acting precipitating

liquid, into the vessel n, filled with the same

liquid, and are wound up on the roller o, and

while on this they are successively treated with

the rapidly acting precipitating liquid, with

acid, and with water. For stretching the

issuing filaments in the tube m there is pro-

vided between the tube m and tank n a fluid

motor q, operating as a propeller, which drives

the liquid energetically in the direction of

the issue of the filaments through the tube

w, and thereby draws out the comparatively

thick filaments to any desired degree of

fineness. Thiele * produced fine filaments

by allowing the solutions to issue from

orifices of comparatively large diameter (al>out

0.5 mm.), the principle being applied of

Fro. 140.—The Thiolc Spin-
i'<'<^l"t'ing the diameter of the filament by

nini? Apparatus, Showing rapidly drawing them away from the mouth of
the M('tli(Ml of WimlinK .i

, ,.:c i e ii r ii i u i ^ i

the Filaments. ^"^ orihce before they are fully dehydrated.

To obtain the recpiisite plasticity of the

cellulos*^ threads, the orifice is caused to discharge directly into a bath
of feeble precii)itating powcM-, and when the filaments are suflficiently

attenuated they are fully dehydrated by pa.ssing into a more con-

1. Thiele: U.S.P. 71081<>. 1002; E.P. 808.3, 1902; P.P. 320446, 1902; alist.

J.S.{M.. 11M)1. 2«, VW.i: 1!K)2. 21. 25, 550. See Thiele, Mon. Text, Iml., 1S97,
12, .VM; In«l. Text., 1S97, 13. 14S; Text. Col., 1897. 1«. 109; Fiirh. Ztj?., 1897,
33, 117; Muster. Ztg., 1897, 4«, 501; Toxt. Mfr., 1897, 23, 2:J5,
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centratwl coagulating solution. The coagulating bath* 18 cold NaOII

of 39° B^. strength, or a hot solution of greater dilution. In the

.sul)8e(|uent stretching of the filaments, in order to obviatt* the danger

of the threads .sticking together during the progress of prt»cipitation,

the thread is either allowetl to fall through a sufficient tlepth of the

precipitating fluid or taken up by a suitable winding apparatus.^

By means of this stretching, it is claimed that a high, silky sheen is

pro<luced. The gradual coagulation of the cuprammoniacal cellu-

lose filament can be.st Ix^ acc<»mplishe<l, according to W. I)reap<*r,'' as

follows: In the long outer tube, into which the jet of cellulosi^ solu-

tion is di.scharged, a shorter, inner tube is introduced, which surrounds

the jet and extends for a short distance along the path of the thread.

The more dilute solution of the precipitant enters this inner tube above

the jets by a supply pip<*, and thus a fresh solution of constant strength

is kept in contact with the newly formed threail. The mor(> concen-

trat<?<l solution of the precipitating reagent is introduced into the

upjK^r end of the outer tube and flows in the same direction as the

nion^ dilute .solution, with which it gradually mixes. He claims

that best filaments of cuprammonium cellulose solutions are to be

obtainetl "* by the adilition of organic substances which materially

increase the viscosity of the solution. For example a 10^^ solution

of glucose containing 10% of sodiimi hydroxide may be used for

spinning with a 10-12% solution of cellulose. The temperature of

the precipitating bath may be raised even up to 70°. Where such a

bath is used, the cellulose or hydrocellulose is dis.solved in aqueous

solutions containing either zinc chloride or copper carbonate dissolved

in ammonia.

In the I'.nglish works of this process at CJreat Yarmouth it is

siiid
''

\ arn is being produced of a fineness of 'So denier or even lower,

and in .spite of its relative fineness, the number of filaments is

claimed to be greatly in excess of that of other makes which are on

the market at the present time.

R. Langhans has proposed to spin solutions of cellulose in sul-

1. Thiele; D.R.P. 17362S, 1902, Addition to D.R.P. 154507, 1901 ; D.R.P.
I.i7157, 1901; ahst. Chem. Centr., 1905, 1, 576; E.P. 15i:i3, 1G07S, 1«M)6; alwt.

J.S.(M., liK)6, 25. 924; P.P. 367979, 3679H0, 1906; abst. Jii.C.I., 1906, 25, 1144;
V^.V. 83S758, 1906; abst. J.S.C.I., 1907. 26. 197.

2. Thiele and R. Linkmeyer E.P. 160S.S, 1905; D.R.P. 179772, 1905.

3. E.P. i:i868, 1907; see also E.P. 27222, 1905.

4. E.P. 20316, 1908; difficulty is experienced in the weaving in those composite
artificial silk threatls in fine counts where the thread is in a condition similar to

that of " lK>iled off " silk. To remedy this, accorilinj? to Dreaper (E.P. 1 19.59, 190S),

the threads are driwl at such a tension that in the final state of the yam the fila-

ments stick together as in "raw" silk. In order to improve the state of the threa*!,

it may be dried out of a solution of soluble oil or other suitable colloid.

5. Dreaper, J.S.C.I., 1909, 28, 1299.
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phuric and phosphoric acids,' for which purpose cellulose is first sub-

jected to ft
" purifyinfi; procosw " by first treating with an alkali and

then with aqueous hydrochloric or sulphuric acids, afterwards wash-

ing with water until neutral, and finally drying at about 40°. The

cellulose is next impregnated with a solution consisting of aqueous

phosphoric acid, containing 33',
f;

of phosphorous pentoxide, and suffi-

cient sulphuric acid so that the combined solutions contain 20%
II2SO4, using only enough to impregnate the cellulose, which is

allowed to act until the fibers begin to swell and pass into solution.

The mass is then kneaded with sulphuric acid, and phosphoric acid

added, when the dough is said to be transformed into a glass-like,

transparent, viscid syrup, suitable for filamenjt formation. It appears

that but little commercial use has been made of this proce.ss.

Work of E. Crumiere on ammonio-cupric cellulose commences

in 1900, in which year he published a method^ of treating cellulo.se

in the manufacture of artificial silk by the action of ozone or ozonized

air in conjunctipn with a solution of caustic soda or pota.sh. Thus

treated, it is stated, the cellulose rapidly dis.solves in cuproammo-

niacal solution, thus giving a fluid of consistency for the manufacture

of threads.-^ In order to remove all traces of copper from the coag-

ulated cellulose * the material Ls placed in a vat which contains a

liquid capable of dissolving copper, such as, for example, dilute

sulphuric or acetic acid. An electric current is then passed between

two suitable metallic electrodes which are immersed in this liquid.

The vat itself can be used as the cathode. The copper contained in

the cellulose is dissolved and then deposited on the cathode. For

the purpose of this treatment the coagulated cellulose may be either

wound on bobbins or arranged in the form of hanks.

The filaments, after formation, are coagulated by passing into a

bath of potassium or sodium zincatc prepared by adding sodium or

pota.ssium hydroxide to a zinc salt until the precipitate first formed

just dissolves.'^ The copper remaining in the coagulated cellulose

may be eliminated ^ by passing an electric current through a solvent

in which the coagulated cellulose is immersed in such a manner as to

di.ssolve the copper and deposit it on the cathode.

1. U.S.P. 571530, 1896; D.R.P. 72572, 1891; 82857, 1893; F.P. 217557, 1891;
Text. Col., 1S97, 19, 317; Ind. Text., 1S97, 13. 239.

2. F.P. 361048, 1905; E.P. 22422, 1906; U.S.P. 9a8754, 1909.
3. It is recommended to add metallic copper to the ammoniacal solvent, for

the purpose of reacting with the ammonia lil>erated, and of replacing in it the
"copper" absorbed by the cellulose during the first stages of its action upon the
latter.

4. F.P. 377118. 1907, and First Addition thereto, dated Mar. 17, 19aS; abst.

J.S.(M.. 1907. 2«. 1045. See also F.P. 41 500;^, 1910.
5. F.P. 375827, 1907. 6. E.P. 2794. 1908.
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Ernst Friedrich ' claims that by using an alkylamino a» m\-

vrnt for copiMT liydroxidf iiistcnd of nnunonia, it is possible to obtain

more concentrateil solutions of cellulose, aiul that the solutions so

obtained are nion* viscous and less liable to deterioration on standing.

It is stated that the coagidation is done vcrj' quickly, the resultinj;

filament Ix'ing so n*silient that broken threads rarely occur, and that

the threa<I, thercforo, may l>e wound up with a high speed, and finally

< an be ver\' easily washe<l, owing to the high solubility of the alkylamine

ill water. The process is carried out by dissolving cupric oxide alkyl-

amine with cellulose in the following manner: 320 gm. of well-<'leaned

cellulose is moistened with hot water, pressed, and while still wet

mercerized with 3,400 cc. XaOH, of 30° Be. strength. The merceriza-

tion being finished, 2oO gm. powdered copper sulphate is adde<l grad-

ually, the .*<o<liimi sulphate formetl by interaction separated by filtra-

tion, and the wet mass remaining triturated with a 30'^^ solution of

monomethylamine or monoethylamine in water, any elevation in

temperature Ix'ing avoidetl. The mass first gelatinizes and later

ilis.solve8. The alkylamines resulting from l)eet-sugar antl mola.ss<»s

manufacture are claimed to be appUcable and Are readily procurable

in large amounts. The .solution is spun in the ordinary way.

In a .subsequent process 2 the preparation of a solution of cellulo.sc

is descrilxHl in which much less ammonia (about one-half) is requiretl

than hitherto was considered neces.sary.3 Best results are obtained *

with cellulose compounds prepared by subjecting cellulose to the

action of either an oxidizing agent, caustic soda, or an acid (sulphuric

acid of 50° B^.).

The work of E. Friedrich above is not to be confused with that of

Philipp Friedrich, the latter having devised a process* in which

1. VS.P. 813878, 1906; F.P. 357171, 357172, 1905; E.P. 17381, 1905; 6072,
MK)6; abet. Ji5.C.I., 1906. 25, 88.

2. Ui?.P. 850571, 1907; E.P. 27727, 1906.
3. The following example illustrates the invention: Basic copper sulphate* is

precipitated upon 50 gm. of hydrated cellulose by mixing hydrated cellulose, copper
sulphate, and caustic potash in the proportions represented by the formula:

3C,H,oOj:4CuSO,-5H,0:6KOH.
The cellulose thus prepared is divided into four equal portions. Of these one is

dissolved in 250 cc. of ammonia solution of sp.gr. 18° to 20° B^. To the solution
thus obtainetl the other three portions are addetl little by little, and at the same
time there is abided in all 250 cc. of the same solution of anunonia distributed
between the separate portions of cellulose, the portion of ammonia solution added
being more strongly diluted with water for each successive portion of cellulose

and the total quantity of water added being sufficient to bring the total volume
of the liquid to one liter. It is necessary to observe that the proportion of water
to solution of ammonia in the last portion added should be 1:1 to l:f, l)ecause

if a more dilute solution of ammonia were used coagulation might ensue. The
solution thus obtainetl is filtered, for which purpose a metal gauze having 160-180
meshes to the centimeter will suffice.

4. F.P. 3(>4066, 1906. 5 D.R.P. 206883, 1907.
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solutions containing 6% of cellulose are forced through suitable

orifices into a coagulating bath consisting of 25 k. sodium chloride

and 4.5 k. sodium hydroxide in 100 1. of warmed water. In a sub-

sequent method ^ aluminum, calcium and magnesium chlorides are

advocated as preferable precipitants to sodium chloride and hydroxides.

Animal Silk is the generic name given to certain gelatin, glue

and casein compounds, which more nearly approach the term " Arti-

ficial Silk " than the foregoing, inasmuch as they are—like natural

silk—structureless, of animal origin, and can be transformed directly

from a fluid to solid state without the use of a coagulating medum
other than air. They differ from natural silk, however, in being less

brilliant and much weaker when wetted, and also have the dis-

agreeable property of swelling in moist atmosphere from absorption

of water, and possess a comparatively high degree of brittleness.

Gelatin silks dissolve rapidly in acids and alkali hydroxides, and on

calcining—like natural silk—bum with characteristic odor of burnt

feathers or horn, and the evolution of alkaline vapors; cellulose silks

burn without odor, and with the evolution of acid vapors. Like

the natural fiber, the fiber of cellulose silk swells in contact with

1. E. P. 17967, 1908; 7617, 11700, 14112, 28256, 1909; F.P. 404372, 1909, and
First Addition thereto, dated Mar. 23, 1909; abst. J.S.C.I., 1909, 28, 1246. .\ccord-

ing to his E.P. 4104, 1909 (abst. J.S.C.I., 1909, 28, 934) carbohydrates or gums
were added to the solutions of cellulose. Solutions having the same properties

can be more directly obtained by preparing the cellulose solutions from those plants

which contain both carbohydrates and cellulose. The outside layers of the rice

Elant, it is claimed, give good results if they are first treated with alkalis and then
leacned and washed before lacing dissolved in the cuprammonium solution. Man-

nitol (E.P. 14112, 1909) is said to improve the keeping properties of a cuprammo-
nium solution. In a subseciuent patent (F.P. 40<)7<S9, 1910; E.P. 28259. 190*)) he
manufactures artificial threads using cuprammonium cellulose solutions of great

tenacity, as, for example, those containing, in addition to cellulose, such substances
as carbohydrates or alcohols, as dc.scril:)ed in F.P. 400321 (E.P. 4104, 1909),

and addition thereto (J.S.C.I., 1909, 28, 934, 1121) and F.P. 404372 (E.P. 1 1700, 190«»;

J.S.C.I., 1909, 28, 1246), filaments squirted in the usual manner may l)e drawn
out into very fine threads and hanlened in a single coagulating bath, preferably of the

kind describe<l in D.R.P. 206883 (abst. J.S.C.I., 1909, 28, 362). The cellulose solution

should contain a smaller quantity of ammonia than of cellulose, and it should liave

Buch a tenacity that it can be drawn into filaments 50 cm. long in the air; the con-
centration of the coagulating bath should be so adjusted that the filament can be
<lrawn out without breaking during the first 10 cm. of its pas.sage through the liath.

He prepares (F.P. 410882, 1909) a hydrated basic copper salt intended specially

for the solution of cellulose, having found that in the precipitation of copper as
hydrated oxide, a certain amount of alkali carbonate is introduced; this gives a
product, by means of which the solution of cellulose can l^e readily effected with
very little ammonia. P'or example, to 370 gm. of powdered crystallize<l copper
Bulphate, dissolved in 2 1. of water, are added, 130 cc. of sodium hydroxide .solu-

tion (40° h6.), diluted with 1500 cc. of water; 25 gm. of sodium bicarbonate,
dissolved in water, are next introduce*! and then a further 45 cc. of .scxlium hytirox-

ide (undiluteil). The precipitate is mixed with 2(X) gm. of finely divide*! cellulose,

and the mixture, pres.sei! as tlry as possible, worked into a liomogeneous pulp
with 6(X) cc. of ammonia (sp.gr. 0.888). On adding 48 cc. of sodium liydroxide
solution the whole imme<!iateiy tlissolvf". forming a viscous solution, said to l)e very
suitable for the manufactiue of artificial silk.
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water, but, on the contran*, eoniratis in alcoliol or glycerol. With
Fehling's solution the filler is colored a violet, icxline and Hulphuric

acid jneld a yellow or brown, chloriodide of zinc a yellow, and
W'tilhird's reajrent a red coloration which disapjx^ars on washing.

Vandura Silk is obtained by the use of gelatin as a basis, which

is ivnderctl insoluble after being formetl into filaments by exposure

to formaldehyde vapK>r, find was so namo<l by the patentei', the late

A. .Millar. A concentrated solution of gelatin is first prepared, care-

fully clarified from insoluble albuminous particles, melted by heat,

and forced through spinnerets on to an endless traveling band,

>ufriciently long to permit of thorough drying of the threads. The
latter then pa.ss into a closed chaml)er where they arc subjected to

the action of drj' formaldehyde vapor.' The process of Hummel
of Ixeils, is essentially the siime. On account of the partial solubility

of the formaldehyde gelatin in water, it cannot be dyed after formation

into threads, but must be colored in the melted state before spinning.

The wool and silk acid dyes are suitable for dyeing gelatin.^ The
brittleness may be partially overcome by the introduction of 5-20%
castor oil, glycerol, or similar softening agent. In the process of L.

Jannin ^ gelatin 1 k. in water 1 k. and glycerol 100 gm., containing

1. Millar describes his process as follows (UJ^.P. 594888, 1897; 625345, 1899;
611814, 1898; E.P. 15522, 1894; 2713, 1897; 6700. 1898; D.R.P. 88225, 1895;
1KJ795, 1897; Sw.P. 12728, 1896; 18042; F.P. 248830. 1895): Four lb. of the

l)est gelatin is broken up into granular pieces .such a.s will pa.s8 through a 16 mesh
sieve. It is then placed in a melting vessel with 2 lb. of cold water added, stirred

well and left to stand for one hour. The vessel is next placet! in a can of hot water
and kept heateil for another hour, stirring once or twice. By the end of the second
hour the solution of gelatin Ls of uniform consistency, containing (>0% of gelatin.

The group of filaments are ne.xt twisted together and spread out in a thin layer

on an open metal reel, about a foot in diameter. .\ numljer of these reels of plain

celatin yam are now placed in a chamber in which a very small quantity of form-
aldehyde has been poured, and is therefore filled with formalin vapor—about 80
minims of formalin to a space of 10 cubic feet. An exposure to this vapor at ordi-

nary temperature completely changes the gelatin. It is no longer soluble, even
in boiling water, and has a splendid luster.

The reels are hung up to allow all smell of the formalin to disappear, and the

artificial silk is finished, needing only to be wound on bobbins for the conven-
ience of handling l)efore it gets into the hands of the textile manufacturer.

The nipples of the machine had a bore of 0.01 inch, but the filaments drawn
from these nipples may l)e only 0.001 inch in diameter. The flow of the Uquid
through the nipples is regulated by air pressure. An India rubber pipe leads

from a receiver of compressed air, and has its other end attached to a small ^pe
fixe<l to the air-tight cover of the cylinder which contains the gelatin solution. Tne
endless traveling band, on which the threads fall, and by which they are drawn
away rapidly, moves at a uniform rate—say 60 yanls per second; but if the speed

be increased to 120 yards, the filament would be twice the fineness; the same result

is obtained by reducing the pressure in the air receiver or reservoir. See also

C. Miller, J.S.(M., 1900, 19, 3>6.

2. H. L. Chavassieu (F.P. 395402, HK)7, and First Addition thereto, dated Nov.
28. 190S) renders the filaments more supple and elastic by treating them with
2-5% solutions of quinone or quinol (hydroquinone).

3. F.P. 342112, 1904; see C. Dye, D.R.P. 106293, 1898, for a similar process.
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1-2 gm. formaldehyde per liter, is forced through spinnerets at 80-

100°, and afterwards into a mixture of alcohol or acetone and formal-

dehyde to harden the fibers. In order to more closely approximate the

appearance and composition of real silk, H. Bernstein has patented

the novel process ^ of utili:<ing with the gelatin the liquor resulting

from the treatment or boiling of raw silk, it being claimed that the

final product obtained is more pliable, clastic, and lustrous, and

does not shrink or shrivel as readily from moisture or other atmos-

pheric changes.2

Bichromate Silk is similar to Vandura Silk, with the exception

that the glue or gelatin, instead of being rendered insoluble by the

action of formaldehyde, is treated with ])otassium bichromate with

subsequent exposure to light, where 1)\ tin- gelatin takes on a light-

green color from the reduction of hichroniate to normal chromate,

and at the same time becomes nearly insoluble in wat(u\ Bichromate

equal to about 2% of the weight of the gelatin is used. Sodium

bichromate, on account of more ready solubility in water, has been

considered as preferable by some. A. Helbronner and E. Vallce ^

have described a process of producing textile threads by treating

ossein obtained from bones by digestion with dilute alkali and forcing

this solution into filaments. M. Gerard * combined 5 parts of 30'

,

gelatin (in acetic acid) with 10 parts of 30% nitrocellulose in the same

solvent, producing threads which have, as yet, reached no industrial

importance.

Casein Silk, or the artificial fibers formed from the (•()auuhii)le

portions of milk, were first described liy F. Todtenhaupt •'' in his K.W
25296 of 1904. The casein is first dissolved in an alkali solution,

which is then passed through forming nozzles into a (lilutx; acid bath;

the threads thus formed are stated to be insoluble and very tough,

1. U.S.P. 712756, 1!)02; 79H86S, lOO.'); in which he takes 6^ parts of gelatin

and 3 parts of the htiuor resulting from boiUng raw silit. Tiiese in cold condition
are placet! hi a suitable tank for about two hours, and stirred, so jis to Iw thoroughly
mixed. The resultant bo<ly is then introduced into another vessel ai\d subjected
to heat of al)out M° for an hour, after which the mass is placed in an air-tight

vessel provided with nozzles or orifices and subjected to pressure, whereby it is

forced through the nozzles in the fonn of filaments, which, drying rapidly, an-
twisted into threads and wound on bobbins or formed into skeins. These are
now subjected to the vapor of formaldehyde in order to render the material insolu-
ble, aft«r which it is ready for use.

2. The composition for manufacturing artificial silk of H. Turk (U.S.P. 563214,
1896) consists of nitrocellulose 96, gelathi or isinglass 2, dissolveil in glacial acetic
acid, 1,600 (all parts by weight).

3. E.P. 20548, 1908: Hilscher (D.R.P. 179833, 1907) al>.. dupl-.v^ ..smmi.

for the same purpose.
4. D.R.P. 40373, 1886.
5. Todtenhaupt, D.R.P. 203820, 1907; Addition to D.U.I'. 170051: F.P. 356401,

1905.
r , . , ,
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and to contain 15-10* t nitrogen. The alkaline cas<'in solution is

prepared by dissolving 1 part of casein in 3 parts 10', ^ aqueous ammonia
and 4 parts water. The fibers obtained by this process, however,

contain so much water that they readily atlhere together, which has

been obviatetl in a subsequent process ^ by employing pure casc;in,

which dissolves in water to a fairly clear solution. This is converted

into a thick solution by dissolving in alcohol SO and water 20 (parts)

in the presence of traces of bases or salts. The solutions thus formed

are said to contain 1 part of casein to 1.5 parts of solvent, and to be

sufficiently viscous to form into threads which do not adhere, and

without the necessity of precipitation by acids. Solutions of the

casein in zinc chloride,^ methyl alcohol,^ and fonnaldehytle * have

been advocated as precipitating agents. O. Xowak^ di.ssolves the

casein by aid of 59c of dioxynaphthylmethane, and H. du I^)i.st<'sst;lin

and C. Gay • by excess of soda lye. H. Cathelincau and A. Fleury ^

dissolve the casein in a phenol (e.g., carl>olic acid, cn^osote or guaia-

col) and then add cellulose nitrate before spinning.

In the process of H. Timpe * casein or paracasein is dissolved in

an alkali (either ammonia or cau.stic soda), acetone is added, and the

mixture heated until frothing commences. After standing for some

time the precipitate formed is removed, and the licjuid evai)oratctl,

which soon sets to a solitl miuss upon cooling. This is renden'd plastic

on heating, and in this condition is worked into threads which an;

rendered insoluble by treatment with formaUlehyde vapor. In still

another method.® an acetic acid solution of casein is given the requisite

viscosity for spinning into filaments, by incoqwrating a glacial acetic

acid solution of nitrocellulose. Gelatin and casein have Ixx-n com-

bined as in the process of Foret.'<*

The spinning processes described do not differ essentially from

those used to form filaments of nitrocellulost^ It appears that the

same defects in the filaments noted under gelatin and glue silks are

present with casein filaments, and so far as the author is aware, these

products are not commercial articles at the present time.**

1. Todtenhaupt.D.R.P. 203820, 1907; Addition to D.R.P. 1700.-.I; F.P. 356404,
l!H)o.

2. Ibid., F.P. 356504. 1905: abst. J.S.C.I., 1905, 24, 1063.

3. Ibid., D.R.P. 1S3317, 1906.

4. Ibid., U.S.P. 836788, 1906.

5. U.S.P. 809371. 1906.

6. F.P. 4a3193. 1909.

7. D.R.P. 1S.5240. 1906.

8. F.P. 356508. 1(K)5.

9. Process of H. Dunliam, UJS.P. 748709, 1901.

10. F.P. 361759, 1905
11. See also Casein Plastics.
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Incandescent Electric-Light Filaments. Lano-Fox was proba-

bly the first person to patent (England) a carl)on filament. He
used " vulcanized fiber," which is cellulose partially parchraentized

by zinc chloride and afterwards formed into shape mechanically. J.

Swan * worked out the same idea quite independently, both with zinc

chloride and parchmentizing by the aid of sulphuric acid. In the

latter method the acid is first diluted with water to 1.04 sp.gr,,

the thread in veiy loose form being used. For ordinary 50 volt

lamps, knitting cotton was found to be the best. The action of the

acid is prolonged until the cotton appears gelatinized, and until a point

is reached where, if the action is continued much longer, the cellulo.se

would entirely disintegrate. If on the other hand the structure of

the cotton is not sufficiently acted upon, the filament does not give

uniform results. W, Crookes patented the use of Schweitzer's reagent,

in which he proposed to dissolve cellulose in cuprammonium solution

in a method similar to that described under "CJlanzstoff", E. Weston

of Newark, N. J., was the first to use pyroxylin in this industry, his

patent being granted in 1882.2 Weston first nitrated cotton and

dissolved this in ether-alcohol, poured into shallow vessels to dry,

after which the films were cut up into thin strips and denitrated.

Weston's fluid cellulose nitrate solution, called " tamadine, ' was ustnl

in the patented method of J. Swan,"* who forced the solution—often

containing acetic acid—through small nozzles by compressed air

into alcohol as the coagulating medium. E. Oberle •* first prepared

a 50% solution of thorium oxychloride in alcohol, which was subsc-

(piently mixed with a 3-20% solution of nitrocellulose in ether-

alcohol if the thread was to be spun with air pressure.^ The threads

after formation, washing and drying are ignited in the air and after

decomposition, the salts are changed into oxides by ignition in a

Bunsen burner,

F. Wynne and L, Powell® used, in addition to the chlorides, bromides

1. E.P. 4933, laSO. See A. Parkcs, E.P. 9S3, 18K1; F.P. 144257, 1881; Bt>lK.

P. 55383, 1881; U.S.P. 257607, 1882.

2. U.S.P. 2()4«)87, 1882; E.P. 44r)8, 1882.

3. Fitz (icrald al.so piitentod in England the u.se of zinc chloride for carbon
fihunentj?, and J. Iloyne (U.S.P. ()25033, 18JM)) the same in the United States.
Sec E. Bronnert, E.P. 18260, 1800; F. .\hrcns, D.R.P. 216620, 1!M)7.

4. E.P. 3020. 1884 (al)andone<l). See J. Swinburne, I^ndon Electrician, 1887,
18, 60, 08, 121, 187, 255, 286, 303, 323, 346, 368, 418, 462, 4!»6. 530. In the patent
of Wynne and Powell (E.P. 16805, 1885), zinc was dissolved in dilute HCI in the
j)resencc of an excess of zinc until effervescence ceased, zinc carbonate in excess
JH-ing added to neutralize excess of hydrochloric acid, the liquid filtered and evapo-
rated to a density of 1.8. When cotton cellulose was stirred in this liquid and
heated to 100°, a nomogeneous mass soon resulted. W. I)reaj>er converts cellulose

into hydroceIlulo.se (E.P. 858, 1008) and then dissolves the Uitter in zinc chloride.

5. E.P. 12056, 1806; al>8t. J.S.U.I., 1807, 1«, 603.

6. E.P. 16805, 1885, abst. J.S.U.L, 1886, 15, 172. The oxychloride may U<
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:in<l iodides of zinc or bismuth, pn-cipitatin;; tlu' formed hlanu'iit

by alcohol, ether or acetic acid. O. Knoflor ' succwdeil in inaking

from collotlion endless impregnated threads, by charging the pyroxylin

with salts of incandescent oxides, and operating in a manner similar

to that us(hI by Chardonnet in the formation of artificial filaments.^

The pyroxylin solutions are usually denit rated with anmionium sul-

phide, ferrous sulphate or chloritle or other retlucing agent, the regen-

crate<l cellulose thus obtainetl Ijeing used for filaments as al)ove. In

addition to electric-light filaments, microphone carbons and the spider

hairs in surveying instruments are <)l)tain(H| from this source.

Artificial Horsehair, Qorse, Whalebone, Hemp, Lint, and
analogous fibers have been made from regenerated cellulose, and
especially nitrocellulose. In the method for forming artificial whale-

l)one patented by Ivnight ^ metal strips are coated with a mixture

of nitrocellulose and India rubber, the resulthig product, it is stated,

Ix'ing not liable to crack and split, as with the natural l>one. In another

method a plurality of bast fibers are coated with pynixylin of high

viscosity and then formed by mechanical means into a flattened

satisfactorily spun, the inventor claims, when as low as one-fourth part of nitn*-

collulose is present. The proportion of alcohol must exceetl that of ether, it was
found, if the thread is to lie spun under water in a homogeneous solution, iiecausc

ether precipitates thorium oxides or a basic salt. The .spinning may Ijc efTccte*!

with cither a weak or strong solution. In the former case the solution is pa.sse<l

through glass tubes with capillary openings immersed in water in which the alcohol
and ether readily dissolve, the threatl l)eing dried in the air. In the latter case,

the solution, consisting of 20% nitrocellulose and SO^p thorium oxychloride dis-

solveil in alcohol and ether, is passed under pressure into the open air.

1. E.P. 11038, 1895; al>st. J.S.C.I., 1895, 14. 797. For " cupricellulose incan-
descents," see A. Miiller, Zeit. ang. Chem., 1906, 19, 1810; Bruno, Ibid., p. 1387.

2. The collodion is mixed with an alcoholic solution of the .salts to be employed
or with the solid oxides of salts soluble in alcohol, .\fter forcing the mixture
through a .series of capillary tul)e.s. and the resulting filaments are coagulated by
passage through a solvent which will dissolve the alcohol and ether of the pyroxlin
>oltition without attacking the inorganic salts evenly di.stributevl throughout the
lhrea<l. \\'ater is the simplest and cheapest fixing agent, which, if rendered alkaline,

will immediately cause a coating of oxide to be formed on the thread, which
will lie thus protecte<l from the solvent action of the water. ^?ince the com-
liustion of such threads is so energetic as to partially disrupt the filaments,

they are first denitrated. If the filaments are to lie usetl for incandescent
mantles, they are woven as in the usual method of formation. Mantles woven
from such impregnated pyroxylin filaments are much more durabk; than thue<c

woven from cotton threads and sul)8e(|uently imprcgnate<l, the a<lvantage
ircruing from the smaller percentage of a.sh in pyroxylin than in cotton, which
I- very detrimental to the light-emissive power of the finished mantle. i«ee P.

FoUet and G. Ditzter, D.R.P. 22'3294, 1907; addition to D.R.P. 211871, 1906;
Ilanauer Kunstseidefabrik, D.R.P. 222873, 1908; R. Pawlikowski, D.R.P. 222624,
1908. See Chapter X.

3. E.P. 1765, 18W; abet. J5.C.I., 1891, 10, 264. One of the disadvantages
nf natural horsehair when usetl in the arts, as for bortlering, trimming, or em-
broidering, is that the shortness of the individual hairs reauires that they be
uniteil or spliced, so as to form a continuous thread adapted for uninterrupted
work.
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strip, with a holder stitched or cemented on.* According to Miiller 2

the incrusting substances of Mexican grass are first removed by boil-

ing the grass for about two hours in l-29t NaOH solution, being then

washed and dried, after which they 'are superficially parchmentized

by immersion in strong sulphuric acid or zinc chloride solution. By
now coating these fibers with a pyroxylin solution, they are stated to

assume a hair-like character, possessing great elasticity and strength,

and to be especially adapted for the production of artificial whalebone.

The name "Artificial Horsehair" has been applied to those fila-

ments of 300-400 deniers size, which, while resembling silk in appear-

ance, are api)roximately of the diameter of natural horsehair. It

is evident that by enlarging the spinneret apertures, larger filaments

may be produced, but there is a well-defined limit, above which it

is not advisable to produce a single thread. When the diameter of

the thread exceeds a certain size, the volatilization of the contained

solvents and the regeneration of cellulose in denitration do not pro-

ceed uniformly or satisfactorily. For the production of uniform

threads of greater diameter, spinnerets with the maximum orifice

to produce satisfactory threads are used, and a number of spinners

are so placed that the filaments emerging from them touch before the

contained solvent has had an opportunity to evaporate, the result

being that the several filaments adhere and coalesce into one thread.

In order to increase the adhesion, the filaments may be passed directly

from the spinners into a weak acetone solution, which will sufficiently

dissolve the nitrocellulose filaments to cause them to firmly adhere

to each other. From this they are passed into a bath of water whicli

removes the alcohol, ether and acetone, and finally the combined

filament is dried and perhaps dyed. In this manner it is commer-
cially practicable to produce individual hairs exceeding in diameter

that of horsehair. In Lehner's method -^ the coalesced fibers are coni-

1. For method of protlucing artificial hemp lint by artificial silk see Vereinixte
Kunstseide- Fab. .\kt.- C;es. Kelstcrbach. D.R.P. 184510, 1906.

2. K.P. 3725, ISIK); alvst. J.S.C.I., ISOI, 10, 539.

3. U.S.P. 713999, 1902; K.P. 17759, 1900. The iiidividvial fil)ers or strand.-*

of the material used for this purpose must be sufficiently softened .^o as to disiippear
to such an extent that the inner microscopic structure of the same disiippears and
tlie separate fil)ers merge into a single or integral filament without spaces or intervals.

The lujuid used to congeal the fused threads depends on the starting material
and the solvent bath employed. Where an ammoniacal copper oxi<le solution
has iH'en cmployetl as a solvent, an acid such as sulphuric or acetic acid, etc., is

used; where zinc chloride was used as a solvent alcohol is to Ik; employetl Jis a con-
gealing agent, when sulphuric acid was the solvent water should l>e the congealing
agent, where nitrocellulose and ether or alcohol have Ihh'u emploveil a mere exposun*
to the air or drawing the filament through water will In? .sufficient to arrest the
solvent action. Thereupon the solvents and the congealing substances are com-
pletely removed from the filament by washing in nuieh water, and the prtxlucf

dried on reels. In order to correct any flaws resulting from the imperfectly
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pacted by drawing, and then pas^ through a hardening bath. Fine

threads of silk, cotton or linen may be usetl as the filling substance of

these artificial hairs, as in the process of F. S<'hauman and A. Lantson,*

where the threads are immersed in an alcohol-ether solution of nitro-

cellulose containing 16 gm. per 100 cc. It Is preferable to add to the

solution 5-15% shellac and also 3-4% castor oil to increase the elas-

ticity of the protluct. After coating, the threads are immersed in

warm water to remove the solvent, denitrat^^l if desiretl, and dried.

The product is said to closely resemble natural horsehair, being stiff,

but not brittle. The stiffness may be varied within wide limits by

the use of var}'ing pro|)ortions of castor oil. The processes of A.

Samuel- nnd J. ile Sauverzac * differ only in unimportant particulars

from the al)ove. In the author's experience a close imitation of natural

black horsehair is possible by taking 50s si.x-cord black thread which

has not been waxed or polished and previously extracting with ace-

tone or wood alcohol to remove any possible oil or wax, and thus

cause the nitrocellulose to permeate the thread more readily. In

slowly passing such thread through a pyroxylin lacquer of 12-14 oz.

pyroxylin to the I'.S. gal. the first coating will cause an increase in

weight after drying of about 60%. A second coating applietl similar

to the first will cause the original thread to increase in weight about

145' (. As this size thread is readily procurable in 12,000 yard spools,

the coating of the thread in this manner is not a tedious operation.

Thread thus coated, while still black, yet has that peculiar sup>erficial

transparency due to the colorless pyroxylin which is so noticeable

in natural horsehair. Silk fish lines coated in this manner, only dye-

ing the pyroxylin a light green by means of victoria green dye, pro-

duces a line which is impermeable to water, nearly invisible in the

water and which has a tendency to float, an advantage when using

live bait, as it tends to keep tlie bait toward the surface and hence

free from weeds and other obstructions in the water. Coating of silk

line in this manner renders it verj- easy to reel and prolongs its life

and wearing qualities. Where cuprammonium threads are used,

they arc immersed •* while still containing copper, into a concentrated

solution of sodium carljonate containing 2-6% ammonia; it is statetl

that under this treatment the material acquires considerable elasticity,

united strands of the components of the artificial horsehair where they iiave not

l)eon perfectly unitetl witnout again drawing the product through the solvent

and congealing bath, the artificial horsehair may Ik; finally dra>%'n through a solu-

tion of caoutchouc or gelatin or collodion. Thiii will suffice to cover any such flaws.

1. F.P. 333246, 1903.

2. F.P. 348137, 1904.

3. F.P. 349620, 1904.

4. F.P. 351206, 1906; D.R.P. dated Nov. 24, 1904.
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tenacity and transparency. It is then washed an<l freed from all

the copper it contains and finally dried under tension.' In textile

industries such threads are used for the preparation of the warp for

especially strong fabrics, and to give the woven fibers added rigidity,

so that there will be no tendency to slide out of their position.

C. iloux '^ dips the stiffened fabric into u weak pyroxylin solution, which

partially softens the fibers and causes the whole to blend into a single

piece of cloth intertwined with nitrocellulose filaments. Artificial

horsehair has been used as incandescent electric-light filaments, and,

when knit into " stockings," for Welsbach mantles.

A. Dubois'* has devised a peculiar process for giving a lislc-ihifud

finish to fabrics by impregnating the fabric with an acid aniline black

mixture, which tends to carbonize the filamental fuzz on the surface,

then rolling the article in a tumbling drum until the fuzz has been

removed, when the material is given a light coating of pyroxylin, wIi'k h

serves the double purpose of laying the fuzz

* ^BLss?*?,.. e ^'^^^ addinii lust<>r. Artificial lac(> is pm-

^l^^^^^^^ / duced by \\ . natiiiiiicr and 11. l*(i\ilhar

^ s^^v^ ^'^ '^ method in which the pattern (Fig.

^ • / J_- ^^^^ ^^ ^^ produced is engraved upon the

j%. ^/^ .j ,i.«. p.i ,ni..J metal or ebonite cylimlci '/, the grooves

I
— ••''^ being equal in width and depth to the

I

'^ filaments to be produceil. The trough 6

Fig. 141.—The llatignier & contains the fiber substance, which, as the
IVrvilhac Artificial Lace ,•, , ., •xi'i.u
Machine cylmder revolves, is deposited m the en-

graving. The doctoi-y, rr, remove any

excess, and the roller d and the blower c supply the necessary hard-

1. F.P. 351207, 1905. Verein. Clanzstoff Fab. Act.-C.es.

2. F.P. 392179. 1908; R. Freerichs (U.S.P. 729749. 1903) makes artificial

human hair by producing a colored cellulose fiber of suitable thicknes.s made from
cellulose solution in copper ammonia, and treating with an alcoholic solution of

an oil and powdered talc. (J. Kraemcr (E.P. 2()201. 1905; U.S. P. 942395, 1<K)9)

impregnates textile filers with a mixture of nitrocellulose, chlorhydrins, and with
aromatic sulfo acid derivatives. A suitable mixture is said to result u|K)n com-
bining 1(X) parts pyroxylin in 450 parts alcohol antl 350 parts acetone, with 50 tiO

parts dichlorhydrin and about 25-45 parts of an aromatic derivative of a sulfo

iM'id, as 7>-toluolsulfo chloride. The threads. fil)ers or fal)rics ai-e impregnated with
the mixture in any suitable manner, and dried. If they are to Ix* dim, they are
simply air-tlrieil or wind-dried, but if they are to receive a brilliant luster, they are
<lried by means of warm pres.sing cylinders, plates or rollers. Tensile strength
tests show that filx?rs impregnated in this manner gain materially in strength.
Fabrics obtained by spinning and weaving such impregnated filaments are useful
for borders and hem laces on women's clothes, which owing to their impermeability
to water, can Ik? washed off any time, while permanently retaining their .silky

luster.

3. U.S.P. 723147. 1903.

4. E.P. 13518. 1907. The Soc. Anon, dis (Vlhilu.ses Planchon (F.P. 410721,
19(H)) prepare artificial foil by converting artificial hair into foil, by passing between
rollers such as are used in the preparation of metal foil.



ARTIFICIAL FILAAIKXTS 525

ening agents to the filior substjince b<»forc it }cavo« the cngravwl

cylinder. The hardening agents var>' according to the viAcou-s sub-

stance used.

The spcetl is regulattnl so that the tissue can be produce<l contin-

uously. The preparation of acceptable artificial bristles has lieen

oft,en attempt^nl, but as yet without satisfactory results. It appears

to 1k' very difficult to combine elasticity, resiliency an<l wearing qualiti<>s

when the bristles are wet, as when they are placed hi brushes intcnde<l

to 1m afterwards usetl for scrubbing. Artificial horsehair is use<l in

largo quantities in braid, pas.sementerie, hat trimmings, chiefly the

so-<-alled '* theater hats," plumes, and the ornamenting of the Ixxlices

of ladies waists with pompons, and similar decorations. A machine

similar to that used for forming horsehair into fabrics, as in the old-

fashioned horsehair couches, is use<I for this work.

" Crinol " is the French name for an artificial horsehair prepared

from cuprammonium cellulose,* in which the ammoniacal cupric hydrox-

ide is separHt<'<l by hy<lrolysis from the other con.stituents of the cupram-

monium solution, and this purified pro<luct usetl to dissolve the cellu-

lose. The patentees claim that when all the cupric hydroxide in a

cuprammonium .solution is in the colloidal state, approximately

two parts of cellulose can be di.s.solved by each part of cupric hydroxide

in solution. These colloidal solutions can be prepared in two ways:

(a) By treating solutions of copper salts with ammonia and caustic

alkalis, the solutions being of such concentrations that the cupram-

monium solution contains no more than 15 gm. of cupric oxide per liter.

(h) By the joint action of air and ammonia on metallic copixT in the

cold and subsofjuent dialysis of the product. Pure cellulose is dis-

solved in liquor a, to which has been added enough of liquor b to make
the mixed solutions sufficiently concentrated to dissolve the amount

of cellulose require<l for the filament to be made. The concentration

of the cau.stic alkali solution (employed in the coagulation of the solu-

tion of cellulose in cuprammonium hydroxide) is of imp<jrtance, it

having Ixcii found that with a low concentration the coagulation is

not complete; with too strong a solution, however, the thread, after

formation, tends to become brittle and is irregular in form owing to

the capillary tubes of the spinneret becoming blocked. The latter

faults are obviated by adding sodium carbonate to the bath (which

should contain 50^^, of caustic so<la and 25*/c of so<lium carlMinat^*)

and maintaining the temperature of the same at about 35°. The

1. Soc. An<Mi. Le Crinolfl, P.P. 302986, IfMJrt; 401741. 1908; 410827. 1909;

E. P. 21191, 1908; 22413, 190«>: F. Beltjwr. Mon. Sci., 1«H)S, (4). 68, 657; al>st.

J.S.C.I., 1906, 25, 808; Zeit. ang. Chem., 1910, 21, 1731.
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threads arc passed through a second, weaker bath and then through

a sohition of sodium bisulphate (to remove the excess of copper

hy(h'oxide), after which they are washed and dried.

" M(;teor " is also a ])atentcd name for a similar article.^

Spinning Artificial Filaments. In addition to the spinning

methods heretofore described, various refinements have been devised,

especially within the past five years. In one method ^ the solution

is supplied to closed resei-voirs, one of which is discharged while

the other is being charged. The discharge is effected by means of

air, compressed by a pump so arranged that the pressure is accurately

governed by means of weights and regulating springs which move
levers connected with the electric motor driving the pump. The
solution is thus delivered under pressure to a special pump fitted

with several pistons in order to avoid pulsations, and especially con-

structed suction-valves which are under control. The pump passes

the solution into a regulating cylinder containing a piston which acts

as the governor for the spinning system. This piston is worked by

a motor controlled in a manner similar to that working the air pump,

and the pressure-accumulator is capable of very delicate adjustment

by means of reservoirs of water above the weights. The process of

A. Lumi^re et Fils ^ has for its object the saving of all loss of time

1. For hardening various artificial silks by means of moderately concentrate<l

sulphuric acid solution, see Verein. Kimstseidefab. Frankfort, Text. Rec., 1903,
m, 128; Text. Mfr., 1903, 29, 299.

2. Process of Soc. Desmaris, Morane and M. Denis, F P. 342655, 1P04. In the appa-
ratus of L Morane (F.P. 410267, \m\; E.P. 24707, 1910), the spinning nozzles are
arranged in two rows in partly rectilinear chamliers, the number of nozzles in each
chamlier lieing the same as the numl)er of filaments to be wound together on a bobbin
to form the thread. Each chamber may be pivoted at one end so that the nozzles
can lie brought close to tlie workman for repairs, etc. The collodion enters the
chainlwr through a filter at the pivoted end, the supply being regulated exactly
by means of a suitable valve. To assist in the regulation, a portion of the supply
tul)e for the collodion is formed of a piece of thick glass tubing, and imnie<liately

in front of this glass tube drops of colored collodion are injected into the main
supply of collo<lion, a color being used which is destroyetl by the bath subsequently
used for treating the threads. In the method of F. Cochius (E.P. 9017, 1903)
al)st. J.S.CM., 1903, 22, 1083) the liquid is forced horizontally through a number
of forming-nozzles, placed in a wall of a long trough which contains the coagulating
li<iuid. .\s the threatls reach the further end of the trough, they are united into

a single threa<l, the cocks for controlling the supply of liquid to the forming nozzles
l»eing regulated by a single movement. In the Homl)erg process, high gloss of

the filament is .sai(f to l)c pro<luced by the use of jagged nozzles.

3. F.P. 350288, 1904; 361960, 1905; in this firm's D.R.P. 177957, 1905, there
is described a process of manufacturing cellulose threads from nitrocellulose solu-

tions, with a view to removing the objections to the dry setting, which renders the
product apt to split, and to the wet setting, which on account of the superficial

setting alters the shape and size of large threads such as artificial horsehair, con-
sisting in bringing the thread as it issues from the nozzle into contact with a nitro-

cellulose solvent to which has been adde<l, in a determined quantity, other fluids

which remler the solvent incapable of dissolving the nitrocellulose, e.g.. methyl
alcohol with 5-8% water addeil. The use of water for o|>erating the hydraulic
piston in the apparatus in which the collodion is supplied to the spinning device
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and material which rpsults whon the hjx)oLs arc changed in the spinning.

During the change of the bobbin a certain length of thread in lost,

and the fixing of the thread to the new Inibbin is one of difficulty.

The apparatus works in such a way that the full sj)ool or lH)bbin is

reniov?tl, and at the same time stopped from revolving, while a new
bobbin is put in its place and nuule to revolve. Fig. 142 is a vertical

section of the apparatus, which consists of a double-flanged driving

cylinder, whieh is fitted with a framework holding empty spools so

arranged that the spool at the top automatically falls into gear with

the ilriving cylinder, and commences to wind the thread u|)on itself.

Fig. 142.—The Lumi^re Spinning Mechanunn.

When the spool is full the framework revolves and takes the full

s|x>ol out of gear and puts an empty one in its place. The peripherj'

of the winding spools is covered with a wrapping of collodion, so that

the thread impregnated with the solvent affixes itself tenaciously to

the spool as soon as it touches it.

In 1906 ^ E. Mertz patented his machine for spinning artificial

under a pressure produced on the hydraulic principle, has a disadvantage that
the collodion becomes clotted and precipitates out when traces of the water leak
l>etween the piston and the cylin<ier wall. In order to overcome this, Lumi^re
(F.P. 361323, 1905) replaces water as the hydraulic medium by a solvent of pyrox-
\lin (preferably amyl acetate), which is pumped into the cylinder and accumulator
in the same manner as water in the ordinary press.

1. F.P. 2Kt:>;j«, 1892; 364912, 1906; Sw.P. 4449, 1892; for process of " luster-

ing" natural silk see B. Ixjewe, F.P. 4a5242, 4(W243, 11K)S; E.P. 18086, 18087,
1909; abst. J.S.C.I., 1909, 28, 1310. See also Bdle, F.P. 3^4912, 1905.
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silk, which has been used quite successfully in France and elsewhere,

and in which the pipe which supplies the silk solution under pressure

is surrounded by another pipe in which a refrigerating liquid circulates.

In one form of apparatus the spinning machine consists of a hollow

comb-shaped vessel, which is connected to the supply of solution

by a pipe and tup. The tooth portion consists of a number of glass

tubes with capillary openings. The spinning apparatus is placed in

tanks containing an acid solution in order to give the thread a certain

consi.stcnce, and these tanks arc themselves placed in cooling tanks.

The threatls from the required number of spinnerets are led through

a guide, which, by means of an elliptical arrangement of wheels, is

made to move to and fro in front of a revolving bobbin, so as to wind

the thread into the shape of a bobbin with conical ends. The wind-

ing rollers dip into a suitable washing liquid. Another form of spin-

ning apparatus consists of a tube in the shape of a truncated cone.

In this is placed a spindle of the same shape which has several fine

longitudinal grooves on it. This spindle is pressed into the truncated

portion of the other tube by means of a rubber pad. The solution

enters at the lower part, and is forced through the grooves on the

spindle, which forms capillary openings when the spindle is forced

into the outer tube. In another form each capillary opening is fur-

nished with a tap so that any desired number of threads can be spun

together. By means of conical driving pulleys the sp)eed of the

machine can be altered, and so the fineness of the fibers obtained

may be varied.

In W. Crombie's method ^ the cellulose solution is delivered from

a perforated nozzle into a vessel through which the coagulating liquid

flows without intermission, the level of the liquid in the vessel being

kept constant. The outlet pipe, which is immediately below the

spinning nozzle, gradually tapers and bends upwards, the effect being

that the rate of flow of the coagulating liquid increases and the threads

are carried to the end of the pipe without coming into contact with,

1. E.P. 16557, 1908; F.P. 405782, 1909; abst. J.S.C.I., 1909, 28, 978; 1910. 29.

17. Cromhie (Fig. 143), relates to apparatus of the kind wherein the solution

from which the fil)or i.s to be preparetl is successively treatetl with two different

coagulants, and the filwrs pro<luced stretcheil or drawn to a finer size. The
solution, supplied through the pipe, B, provided with a rose, comes into contact
with the first coagulant in the vessel, ^i, and the fibers, F, are drawn or stretchetl

during their passage through this vessel. The filers issue at G into a second ctmg-
ulant; the latter is supplied from an open trough, H, through an annular inlet, /,

the rate of flow l^eing adjustetl by raising or lowering the tulx^, K, through the
gland, L. The vessel. A, is filled with the first coagulant by exhausting tlie air

through N. The rate of flow from E is adjusted, so as to keep the \\(\nH\ in A at

proiwr working strength, anil at the same time prevent the second solution in //

from rising into .1. See W. (Vombie and F. Schubert, E.P. 24922. 1908; F. P.

409387, 1909.
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and being damaged by the walls. Upon leaving the pipe the threads
pa.ss to gr(K)VtHl rollers, or indinotl planes, for further treatment.

In order to increast* the uniformity of size and structure (denier)

of the filament' the collodion solution is forced under pn>ssure through
the usual capillarj- openings and then falls vertically through a tulx? open
at both ends and lined with an absorbent material which is kept moist
with alcohol so that the air in the tulxi is kept saturated with alcohol
vapor. The collodion thread during its passage through this tube

Fig. 143.—Metlifxl of Hardening Artificial Filaments According to Crombie.

cannot dn,' and remains perfectly cylindiical. It then falls into the

receiver, which consists of a cylindrical vessel which can be revolved

on its vertical axis and contains an inner sieve-like vessel which

revolves with it. The receiver is filled with the coagulating li(iuid.

The thread falls into the revolving sieve and is immediately coagulate<l

rid arranged in the shape of a truncated cone by the revolution of

tlu" receiver. When this sieve is full, it is remove<i from the receiver

1. A. Lumidre et Fils. F.P. 382718, 1906.
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and replaced by an empty one. The sieve full of thread is immersed

first in water to remove the solvent and then in the denitrating solution.

In the method of E. Ker patented in 1906,^ the bobbins of artificial

silk fibers, after being removed from the spinning machine, are placed

in a horizontal position in washing baths, the liquid in which reaches

up to the axis of the bobbin. The latter are slowly rotated on their

axis in the liquid. The action of centifugal force is avoided by the

slowness of the rotation, so that the liquid is absorbed by the fiber,

and pcmetrates to the lower layers. To dr}'' the latter, they are

plac<;d in a drj'ing chamber, and a similar slow rotary motion is given

to them.

In another method 2 the filaments immediately after their formation

arc wound crosswise on bobbins which have an undulating surface,

such that an end elevation of a bobbin would have a circumference

like that of a cog-wheel. It is claimed that the use of such a bobbin

protects the wound filaments from excessive tension and also allows

an easy access of liquid to the filaments during subsequent operations.

According to the process of (1. Guadagni -^ the filtered cellulose

solution flows from a reservoir into a horizontal pipe, supplied on its

upper side with short vertical branch pipes at intervals of 15-20 cm.

Each of these short pipes is provided with a cock, and terminates

in a gla.ss nozzle. Around this glass nozzle is fixed a cylinder, fitted

with inlet and outlet pipes, through which the coagulating solution

1. E. Ker, F.P. 366793, 1906; the Soc. Anon, des Celluloses Planchon (F.P.

3{M)218, 1908) descrilws a spinning machine as an improvement on F.P. 3S271.S,

1906 (J.S.C.L, 1908, 27, 221), l^eing intended to increase the productive capacity
of the maclune therein descril)ed, and to regulate the formation of a filxr of collo-

dion issuing from a nozzle into a vessel containing a li<|uid by which the solution

of collodion is coagulated. The apparatus consists of a number of units, each
complete in itself and each containing a nozzle and a vessel to receive the filnT

ejected from that nozzle. The nozzles are fed by cylindrical ves.sels containing

coll(Klion and fitted with pistons which are operated by compres.sed air. By alter-

ing the air pressure the supply of collodion to the nozzles is regulate<l. Each
cylinder supplies one or more nozzles. The nozzle is connecte<l to the cylinder

by a flexible tube provided with a tap and also with a filter. By a mechanical
device the tulie moves in a conical path, the nozzle de.scril)es a circular path in a
horizontal plane, and the receptacle underneath the nozzle revolves on a vertical

axis in such a way that its radius corresp>onds to the diameter of the circle descril>ed

l)y the nozzle. The fil)er is thus deposited in circles pa.s.sing through the center

of the receptacle and touching its inside wall. The fil)er solidifies under the action

of the licjuiil in the receptacle (.see F.P. 361960, 190.-); abst. J.S.C.L, 1907. 215. 197).

and in this way is said to give a product which can \>e readily taken out and further

numipulated without damage.
2. C.ocher Oelmuhle C.ebr. van der Bosch. F.P. 374790, 1907; E.P. 6942, 1906.

3. E.P. 122')3. 1908; A. Clark (E.P. 2695, 1887) prevents agglomeration of the

matter around the orifice through which the solution is expelleil in iM>ing made
into threads. This is effected in the following way: sup<'rheate<l steam at 200°

is brought to Iwar on the substance as it leaves tlu' orifice, and this extracts the

solvents of the viscous matter and carries them away, leaving the threml quite drj',

and the latter may then be spun. In other cases ammonia gaa at 100° is used for

the same purpose.
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flows. Upon leaving tho nozzle, the thread rises in this cylinder and

id led over a stretehinp roller, which is run at such speed as is suitable

to the mte of the flow of the cellulose solution and the finen<»ss of the

thread desired. The driving roller is of the same diamet<»r :is the

stn'tching roller and runs at the same speed; it is partially immerse<l

ill the wa.shing tank and drives the reeling bobbin (which w entirely

immersed in the w«?«hing licjuor), by direct frictional contact.

In order to give greater uniformity to the fllaments the sohition

may l>e pa.<tse<l under pressure * into a cylinilrical lx)X, the bottom of

which is funiishe<l with a number of openings for the pro<luction of

tlie fibers. Surrounding the upper part of this Ixjx is another receptacle

in connection with the supply of precipitating lif{uid, and fumi.she<l

with a numl)er of fine openings al)ove the level of the capillaries by

which the filaments are forme<l. The whole arrangement is placed

at the top of a vertical cylinder, of a length corresponding to the

ime required for the fil)er to set, and filled with the precipitating

' )lution to just above the level of the openings from which the filaments

-sue. The filaments pass downward through this cylinder in con-

t:i( t with a descending current of precipitant, and pass out at the

boilom of the cylinder onto suitable bobbins. This arrangement

is statefl to give uniform filaments owing to there Ijeing no irregular

movements of the precipitant. Or the spinning solution may be

forced - from a reservoir through a numl)er of fine spinning nozzles

into a trough, through which flows a steady stream of the coagulat-

ing reagent. The newly formetl filaments are carrietl along by this

-tream an«l ilelivered onto the .surface of a rotating drum, which is

» arrange<l that the coagulating reagent falls onto it after flowing

through the trough. In addition to carrj^ing forward the continuous

filaments, the drum is causetl in this way to gather up any broken

threads. The apparatus is provi<letl with devices for regulating or

stopping the flow through each spinning nozzle. In the inventions of

H. Tetley and J. Haj'ton ^ the hollow spindle, which Ls rapidly rotated,

is carried on a swinging frame so that when the nozzle is moved into

a convenient position for inspection, the wheels which rotate the

spindle are thrown out of gear. A pump for forcing the fluid through

the spinning apparatus is likewi.se so mounted that it can be disen-

gaged from the driving gear at will. The solution passes from a sup-

ply pipe to the pump, is then forced through a filter carried by the frame

on which the spindle is mounted, and afterwards travels through the

1. .\s Gocher Oelmuhle Cebr. van der Boech, F.P. 373887, 1907.

2. T. Chandelon. F.P. .3iM009, 1908; see R. Haddan, E.P. 12879, 1899.

3. E.P. 19157, iyi5H, 1908.
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rotating spindle to the nozzle, which is immersed in a coagulating

htith. The thread, which is twisted by the rotation of the spindle

and nozzle, is led over suitable guides to a winding reel which is pro-

vided with means for laying the thread as it is wound. This winding

loel can also be put out of gear and replaced by another reel when

required. All the driving means of the apparatus are geared so that

they have the required relative speeds, which can be altered at will by

a change of wheels. In the second of the present patents (No. 19158)

claim is not made for a rotatable nozzle. In the method of the

Soc. Boullier and Lafais * in order to insure that the spinning of the

filament is carried out at the proper temperature, a radiator con-

sisting of a number of steam pipes is arranged behind the spinning

frame and adjusted so as to produce around the newly spun filaments

the temperature which has been found to be most suitable. The

brilliancy of the thread ^ may be increased by adding fatty sulphonic

acids to the solvent before spinning.

In the filament-forming apparatus of M. Waddell ^ shown in Figs.

144-146, the spinneret is a combination of two concentric delivery tube.^,

whi(!h are both rotatable about the same axis. The cellulose solu-

tion is forced through the outer delivery tube, while the corresponding

coagulating solution is forced through the inner tube. The nozzle

of the spinning-tube is immersed in a liquid in order to exclude air.

and as soon as it is tilted up so that the ends of the delivery tubes

are no longer covered, the spinneret is automatically thrown out

of gear. The machine is also provided with a filtering device.^
'"•

1. F.P. 392442, 1908; E.P. 15015, 1908; abst. J.S.C.I., 1908, 27, 1201.

2. According to Fab. de soie Artif. Tubize, F.P. 361690, 1905; E.P. 2<)06, 1906;
it is claimed that the oils enter into combination wnth the coUotlion without pre-

cipitating the nitrocellulose, thus differing from the resins, and Iwing insoluble

in water and not completely volatile they leave by evaporation a pellicle on the
filK^r or product obtained, which increases its stability and resistance to wa^ihing.

3. U.S.P. 849822, 849870, 1907.
4. In the methcKl of A. Lumiere et Fils (F.P. 361329, 1905) for the filtration

of collodion for the preparation of artificial silk, a continuous roll of filtering me<liuni

18 provided outside the press. A portion of the fabric is clam|MHl tightly over the
perforated support by means of a screw-head, and the collodion is admit tetl under
pre-ssure from fielow through a pipe provide*! with a stop-cock. When the filtering

surface has l)ecome cloggetl, the stop-cock is closed, the conduit for filteretl collodion

is also clo.sed, the screw-head is rais<»d slightlj', and a new filtering surface is pulletl

through from the roll, and is clamix^d down ready for use. Their acceptable collo-

dion for artificial silk manufacture (F.P. 361324, liK)5) is prepareil by di.s.solvinR

3(K) parts of nitnx;ellulose in 200 parts of methyl alcohol, 2(K) parts of ethyl alcoht)!.

and 16(X) parts of ether. Owing to the exce.>« of ether this colltKlion is very fluid,

and can l)e easily filtere<l under a slight pre.ssure. The colkKlion is then distilleii

in a ves.sel provided with stirrers, until KXK) parts of etiier have l>ecn driven ofl

and con<len.sed for futu«» u.se. The concentrated colknlion is ctwltnl, and, having
ninradv lx!en filtered and freed from air while in the dilute contlition, it can Ix*

jlirectly stored in closet! ves.sels ready for .spinning.

5. In forming solid pHnluctj*, such as artificial silk or horsehair, from (uilutitnis

of cellulo.se in a(iue<»us solvents, according to the process of L. Cuntz (K.P. 3S3I1!,
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In I .S.P. M'JS7(), 1!M)7, ilir nul of tlio .spinneret la immcrsotl in

a spinning trough containing the conguhiting solution. The fihimentii

thus fonned travel horizontally along the trough and are taken up

by one of two independently removable winiling-«pools, which are

nountod upon a common shaft. In order that the filaments may
be tlinii.iiLihl} < <>:igulated, this shaft is so arranged that the s|)ools are

pjirtmlly iinnieist^d in thC coagulating solution. The trough is pro-

vided with a guiding device to deliver the filaments to either of the

-|)()i)l>. In the production of threads from a solution of collodion

in acetone, the evaporation of the solvent produces a certain degree

of cooling of the surrounding atmosphere, ^nd the surface of the

Fio. 144.—The Waddell Apparatus for Forming Filaments.

thread often becomes dull and " milky •' from the deposition of moist-

ure. According to A. Cordonnier-Wibaux * this may be avoidetl

by passing the newly fonned thread in close proximity to suitably

arranged sources of heat. The dehydration of fibers produced by the

cuprammonium process may be carried out by the same arrangement,

and the strength of the fibers is improved. J. Boullier ^ has found

1907), the cellulose solution is first caused to pass from the delivery orifices through
a medium in which it may \)c moulded to the desire*! shape l)ut not coagulated,
and thence directly into a bath which rapidly solidifies the mouldeil cellulo.se.

The moulding medium may be either gaseous, e.g., the air, or a liquid, such as
acetone, benzene, petroleum^ carbon bisulphide, oil, turpentine, etc. This moulding
liqui<l may Ix; contained in the same vessel as the coagulating liquid, on which
it floats as a superficial layer.

1. F P. 401343, 1«»0S.

J II'. 368190. 1906; E.P. 16512, 1907; abut. J.S.C.I.. 1906. 25. 1217.
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that this milky appearance is due to the solvents employed having

too low a vapor tension, and can be overcome in the following ways:

(1) By seeing that the solvents are quite free from moisture.

(2) Addition of a body like ether.

Fia. 145.—The Waddell Apparatus for ForminR Filaments.

(3) By spinning the filaments in a temperature so high as to increase

the vapor tension of the solviuit employed.

In the method of C. Bouillot ' the filamont.s. on issuini: from tin-

1. F.P. 373947. IJKKi; set- al^. .1. Ihmgv, I'.S.r. 0'.tl»13."., IHUJ; K.T. _'17t), l;>02.
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capillarj' tubes, nro rect-ivt'd on a polisluMl hoat<*<l cyliiuler made of

glass or metal, ami revolving at a h\hhh[ correspoiuling with the rate

of proiluction of the filn-r. From this cylinder the fitani(>nts pawH,

a certain numl)er ut a time, through a forked guide which moves
transversely across the surface of a revolving bobbin and so winds the

com{)ound thread in a spiral manner. This Iwbbin rests on another

cylintler which revolves at a similar lineal velocity to the drj'ing cylin-

der and drives the bobbin by friction. The whole apparatus is inclosed

in a m<'tal box from which the evolved va|)or can be removed by aspira-

tion. The box is provided with a glazed opening through which the

operation can l)e watched smd which also serves for the removal of the

bobbins when these are full.

Fig. 146.—The Wa<ldell .\pparatus for Forming Filaments.

For some time it has been known that nitrocellulose containing

a certain amount of water was more soluble in a mixture of alcohol

and ether than a dr}- nitrocellulose, and from this observation has been

evolved several methods of introducing a definite quantity of water

uito the nitrocellulose solution, l)efore the latter is forced into fila-

mental form. Thus F.P. 231230, LS93, recommends the u.se of a

nitrocellulose containing 25-30', of water. CI. Dietl * has secured

ft patent, the object of which is to produce a thread that will dry

immediately on e.vposure to the air, and which will not stick together.

If) producinir a very thick thread it is necessarj' to twist several thni

thna 1- tML:( t!i( r. and it has Ixjen found that a nitrocellulo-c contaiu-

1. F.P. 3jG:123, 11K)5: F.P. 15029, 1(K)5.
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in^ .i3-3.S'^< of wat'or is inost suituble, 30', of water hciiiK insufficioiit.

With this amount the nitrocellulose can be dissolvetl in the propor-

tion of 17-23 k. in 100 1, of the UHual solvents, and will then spin a

hread which does not stick. J. Stoerk ' obtains best results with a

pyroxylin containing 12-20% water, while the method of B. Julich ^

is characterized by the fact that pyroxylin containing 21-24% of

water gives best results. G. Lacroix 3 claims to be able to spin satis-

factory filaments with a nitrocellulose containing 35-45% water, the

solvent preferred being equal parts of alcohol and ether. It is impor-

tant to use relatively mobile solutions rich in nitrocellulose, in order

to be able to force the solution through fine openings with the smallest

possible pressure and to obtain uniform filaments. E. Berl * states

that highly concentrated solutions of nitrocellulose, of relatively

low viscosity, can he prepared if the dried cellulose before nitration

be heated to a high temperature for a long time in presence of inert

gases free from oxygen (carbon dioxide, nitrogen, water gas, cooled

fire gases, superheated steam). Under these circumstances the

cellulose is depolymerized to a degree varying with the temperature

and duration of heating. It is stated that with cellulose treated in

this manner the cost of manufacture of smokeless powder is lessened,

owing to the increased yield of nitrated product, the possibility of

repeated regeneration of the nitrating mixture, and smaller consump-

tion of solvents.

In the so-called Topham turbine system of collecting and spinning

the threads at the same time,^ which has been previously used in the

spinning of short-fibered yams, principally asbestos, the squirted thread

passes over a roller and thence into a rapidly rotating box. As they

are fed in, the fibers are twisted together, the centrifugal force causing

them to form a compact coil around the interior of the box and to be

formed into hanks or skeins. If the boxes are deep, a longitudinal

reciprocating movement can be given to either the box or the funnel

to make sure of the even coiling of the thread in the skein form. It

is said to reduce to a minimum the strain on the newly formed threads.

In spinning nuichines for producing artificial fibrous material,

such as described, for instance, in certain ^ earlier patents of R. Stroh-

lenert, and in which the spinning or twisting takes place by force <»f

gravity and the current of coagulating liquid is made use of for taking

1. E.P. 26082, 1902.
2. E.P. 27527, 1906; F.P. 371.'>44. 1906. .

.i. E.P. 2192, 190.'>; F.P. 35126.5, 1905.
4. DR. P. 199HS.^ 1«K)7.

5. E.P. 2;U.'>S, I'KX).

6. U.S. P. 702163, llKrj; D.R.P. 9620S, lOlSH. 102.')73, 1S97; E.P. .3S32, IS'.I?;

58. 1899; Sw.P. 13695; sec also "Die Kunstlichu Scide," C. Suvern, 1900, p. 60.
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up tho torn filKirs, the jippiiratus cuii only Ihj set to work either at

starting; or after an interruption—for instance, in coniMXiucnce of the

rupture of all filxirs fe<l by the pre^$s, wlien the fitierM are caught hold

of by hand— i.e., the textile fil)ers leavin«i the o(x>nings must Ik* dip|>ed

dovn\ to the Inittom of the spinning-cone for the coagidating liquid

by means of a piece of wire and caught hold of by meann of a second

wire intrtnluced into tlic colle<*ting-tul)e and drawn up to a spool on
which the thread is wound. Since this oj)eration is verj' tiresome

ami the quick collecting of the pressed-out fibern re<|uires great

practice in order not to lose too great a quantity of the diiwtjlved

^^pinnulg material, H. Strehlenert ' has improved on his older processes

noted above and has perfectetl an invention which has for ita object

an automatic collection of the fibers at the starting of spinning, as

well as after a complete or partial interruption of the oi)eration.

The collection of the torn fibers and the further leading on of the

bundle of fibers coming from the spinning-cone are j>ennitted by
the arrangement of a return-conduct which is designed to lead, the

coagulating liquid between the spinning-cone and the collecting-tul)C

arrangeil a« a prolongation of the same to the spinning-cone. By
allowing the return-conduct to enter the insitle of the spinning-tul^

tangentially a rotation of the liquid is attained.

On the accompanying drawings (Fig. 147), 1 and 2 show the

apparatus in longitudinal section and in plan.

The pressing-nozzle A is arranged in the spinning-cone B, which

is destineil for holding the coagulating liquid and which ends into

the collecting-tube C for the spinning material or libers H. The upper

end of this tube C and the spinning-cone B are connected by a commu-
nicating-tube D. The bundle of fillers leaving the nozzle causes, by
adhesion of the liquid on the fibers, a current, which sets up a circula-

tion by aid of the return-conduct. The tube D, which is intended

to lead the coagulating liquid into the cone B, is preferably positional

tangentially to the peripherj' of the cone B. The coagulating liquid

is introduced into the tube D by an elbow-pipe E, fixed to the tube

and directed towartl the cone B. By thi.s arrangement the advantage

is arrived at that in the cone B the current of li(iuid is greater anil

fjuicker, since the stream of liquid passing out from the pipe E carries

with it fluid from the upper and widened part of the tube C and acts

1. U.S.P. 716138, 1902; E.P. 28364, 1&02; in orrler to decrease the tendency
of the filament to abtW)rb water and swell up, thun re<liicmR it.s strength in the
wet condition, Strehlenert (E.P. 22540, 1K«>6; .Mon. Text. Ind., 1807. 12. 7.')2)

mixes with the nitrocellulose .solvent liefore drawing out the thrcad.s, fornuildeliyde,

acetaldehyde, paraltlehyde, lienzaldehyde or other aldehydes, in amount.^ up to

I.v; of the weight of the nitruceUuluesc. Sec also Streolenert and F. Rcubold,
IV^.P. 812098, 1906.
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like an ejector, thereby rotating the liquid in the cone B, which at the

Hanie time has a continually increasing velocity by reason of the fun-

nel shape of this portion of ti»e moving Ixxly of li(piicl. According

to this arrangement it is not ro({uired to introduce a greater amount

of new li(|uid than is necessary for the coagulation of the fibers.

However, the effect of the amount of litjuid serving to collect the torn

fibers is hi this case so great that this quantity is able to collect com-

plete bundles of fibeis, when the apparatus is set to operate from the

beginning, or after an interruption of the operation has taken place.

In order to prevent the bundle of fibers from slipping back with

the current into the tube D, the mouth F of the same is covereil, for

instance, by a fine-wire net or the like. (Not shown.) Any super-

fluous coagulating Uquid runs off through the overflow G.

ViG. 147.—The Strehlenert Method of Spinning and Twisting .\rtificial Fibrous
Materia!.

The processes of X. Eschalier ^ particularly adapted for the treat-

ment of aitificial silk products for the puipose of " sthcnosage

"

(strengthening the threads), consists in the action of aldehydes,

especially formaldehyde, upon cellulose and albuminoid bodies in the

presence of acids or acid salts in conjunction with dehydrating agents.

Artificial silk, for example, is placed in a bath of formaldehyde (1-10

parts') and acetic acid, 10-40';; (90-91) parts). The threads after

removal from the bath are placed in a desiccator containing calcium

chloride or sulphuric acid until completely dry, and are afterward

heated for four to five hours at 40°. Finally, they are washed ui

1. K.P. 2')(>47, liKKJ: F.P. 374724, IWW; P'irst Addition thereto, dated Nov.
'i, I'.MHi; St'cond uM(i Tliird Additions «la»v*l Oct. 7. HKVS; Fourth Atidition, <hit«>«|

Mar. ;{l, lUO".*; al»st. J.S.C.I., I'.C)?. 2<;. SJI, 12<»2; I'.MKS, 27, l')7; ItHH*. 28, ;{t)2,

1U»1.
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water and again tlrietl. Another niethoil consists in placing the

threads in a bath of glacial acetic acid containing fonnaldchyde for

three to four hours at 90-95°, and afterwartl watching with water

and drying. The aklehyde and the tlehydrating agent which are

cniployetl for strengthening artificial silk may l)e applietl to the

material either alt€mately or simultaneously. The following process

gives gootl result4<. The material to be treated Is impregnated witli

a solution of lactic acid and alum of such a concentration that the

fiber retains 5-6% of its weight of each reagent. It is then place<l

in a closed vessel containing a dehydrating agent such as sulphuric

acid at 50-60°. Through an opening in the wall of the vessel

10-25 parts of a 40% solution of formaldehyde are introduced for

each 100 parts of material. The opening is then sealed and the

apparatus heated to 50-60° for a further five or six hours. The
material is then removed, washed, and dried. Fibers which have been

treated in the manner described in this patent exhibit an increased

affinity for dyestuffs if treated with a solution of sodium or potassium

hydroxide. H a concentrated solution be employed, the time of action

must be short or the strength of the fiber will be affected and its

length diminished. Oxidizing agents such as hypochlorites may be

added to the solution. The reagents used for the "sthenosage

"

may be dissolved in other media than water, e.g. acetone, alcohol,

glycerol, etc. The use of acetone is particularly advantageous, since

it dispenses with the usual process of dehydration. The drj' silk is

introduced into a bath composed of 150-200 parts of acetone, 5-20

j)arts of 40% formaldehyde and 0.5-0.15 parts of sulphuric acid of

06° B^. or hydrochloric acid of 23° B^. These quantities are sufficient

for treating 10 parts of silk. The whole is boiled for three to five hours

under a reflux condenser, the silk being completely immersed. The

silk is then washed with water and dried. When required for dyeing,

the silk is subsequently steeped in an alkaline solution of a hypochlorite.

containing 30-50 gm. of sodium hydroxide and 3-5 1. of available

chlorine per liter. Other acids may be usetl, if desired, instead of the

mineral acids.* The effect of this treatment on the physical pmp-
1. An ingenious process lias been worked out by W. Morton (UJS.P. lO-W-U,

1*.K)2) for the formation of artificial silk filaments, which in its broad scope relates

to the electrical method of dispersing fluids, whereby volatile fluids are separate*!

from their combination or association with relatively non-volatile or fixed sub-

stances in composite fluids, resulting also in the evaporation of the volatile fluids

and a state of condensation or solidification of the relatively non-volatile or fixetl

substances, whereby fil)er may be artificially producetl. broadly speaking, the

process is practice<l by delivering the composite fluid in an attenuated form into

an electrically polarized atmospheric field producetl by the convective pa^ssage

thrtmgh an atmospheric nuNlium of an electric current of high tension. Acconling
<> the inventor, if a quantity of a com|)ositc fluid to In; thus electrically disperserl

and separated be delivered iu a fiuc stream or streams or finely divided state into
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erties of the lustra celluloses, as recalculated into mean or average

numbers by Cross and Bevan* is as follows:
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In the apparatus of E. Frie<lriph,' as shown in Fig, 148, the essential

rharacteristics are that the twisting together of the separate threads

does not occur until each separate thread is coagulated and hardened,

so that the gumming together of the threads is ohviate<L The cellu-

lose solution from which the threatis are to be produced issues from the

tiil)o // through a number of fine apertures in the nozzle 6 into the

tube c, to which at the same time the coagulating liquid is supplied

throujih the pipe d. The threads issuing from

the iin/xlt> l> are coagulatetl or hardened by the

cojiguliiting liquid as it passes with them in

upward direction in the tube c parallel to its

axis.

The threads are twisted together on entering

with the coagulating liquid into the interiorly

groove<l portion e of the tube c, which, owing

to its interior helical groove, imparts a rota-

toiy movement to the liquid. In case one of

the threads is rupturetl by the rotation imparted

to them by ihe liquid the broken portion is

immeiliately twisted again onto the main thread.

The threufls can be twisted around each other

as frequently as desired by the properly selected

number of turns or windings in the helical

groove portion in the tube r. This cannot be

accomplishe<l in apparatus in wliich the entire

lx)dy of the liquiil is rotated.

The fuii.sheil thread i.ssues from the upper part

of the apparatus at/, while the coagulating liquid

is drawn off through the pipe g

woimd ujx)n the roller h or conducted away by

it. To obviate the necessity of unwinding ^ certain kinds of silk after

pre<ipitation, an arrangement is proposed in order to rewind it into

f^kc'in form, by wliicli the ilircad is skeineil without any intennediate

reeling. The thread passes round an ordinary' reel, which draws it

oxide fixeil in combination, our own analyses of Sth^nose silk, have given numtwrs
Letween 0..'J.5% and O.S% formaldehyile, which expresse<l in molecular ratio,

('Hj():(",H,«Oj, is approximately 1:30. This indicates a curiou.sly disproportionate
effect. It miglit l)eai«umed in explanation that the fractional proportion of molecules
»»r groups actually reacting are in the free or unc<iml)ined state capal)le of influencing

t!>e hydration capacity of the complex or aggregate, or a.s an alternative the sug-

gestion is that a constitutional cliange in the cellulowe itself accompanies the fixation

of the CHjO groups, and this .suggestion is o( moment, a.s it indicates a capacity
of internal structural modification which ofl'ers an attractive fiekl for research."

1. U.S.P. H274:M. I'.MMi.

2. Method of La Soc. Anon. Fal.r. <le S<.ie Artif. de Tuhiie, E.P. 3()25, 1906.

The thread is Fig.HS.—The Frietlrich

Spinning .\pparatuH.
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through the precipitating liquor, and passes direct to a calibrating

reel, upon which it is skeined. This reel is provided with a revolu-

t ion counter, and the tension of the thread is kept constant by a coun-

terweighted brake upon the ordinary (inteiinediate) reel. Should the

thread break, the calibrating reel is l)rought to a standstill automati-

cally. In order to increase the evenness of the artificiid threads'

they arc -m-- wound upon longitudinally combated icds immediately

after their toiiiiution.

Comparison of Yarn Sizes. The bulk of the artificial silk at

present produced is spun in loO-lGO denier 2 sizes, equivalent to 37s

to 10s cotton yam. The 120 denier thread of to-<lay^ varies in the

number of the individual filaments, but it may be said not to exceed

2."» ill imiiiixr. so that the size of the individual filament may be taken

as fioiii ")-S (Iciiier. Real silk averages 2.75 denier per filament. The

fine ('ellulo silk (30-50 denier) may contain 45-GO filaments, which would

make the size from ()."i 1.2 denier. Dreaper has also dcscrilxil aitificial

filaments of a tenuil\ as great as 0.33 denier—about one-eifi;hth liie size

of a filament of natural silk. The present demand, however, is c(m-

fined to the ordinary range of 100-130 deniers, although the lower

deniers down to a 15 denier thread is no doubt a near commercial

1. Process of O. Miiller, E.P. 3606. 4015, 1907.

2. The relative fitieiiess of artificial silks is classified according to tin- inttr-

national denier, a "denier'" representing the weight in milligrams of a filament
10 meters long. It applies ecjually to the single filament (l)rin) or to the combi-
nation of these—usually 10-25—which constitutes the weaving unit. Thrown silk

in the United States and England is usually based on the weight in drams of 1,(KH)

yards. In France the size of silk is usually expressed in terms of the old denier,

which is the weight in deniers of 400 ells, equivalent in length to 476 meters, the
denier weighing 0.05313 gm. Old system deniers are convertible into iiitt-riuitional

deniers by multiplying by 1.116, and conversely, by multiplying by O.S''i'. Vccord-

ing to ('ross and Bevan, " Researches on Cellulose," 22:

"In speaking of a yam of 80 deniers having a 'tenacity' of 96 gm. nuA ;in

'elasticity' of 12, we are shortly expressing the ultimate facts as follows:

"The yam weighs O.OSO gm. per IOmeter length, and breaks when strctcheil

with a weight of !)6 gm., havuig undergone an elongation of 12% in length. A.s.suni-

ing 16 unit filaments in the yam, each is of 5 deniers and would l)ear one-sixteenth
of the stretching weight. Taking an average diameter of the unit at 0.03 nun.,
this implies a sectional area of 0.000707 mm. square; and the Icn.-iriiv m.iv

therefore be expressed as being equal to

(K)0 7̂ " ^>^^ 8™- P**" ^^- SQ"*'^.

which at once conveys the relationship of cellulose to other stnictural materials
which are capable of Ixnng produced as a regular solid in continuous lejigth, e.g.,

the metals.
" Another fomi of expression which has advantages in comparing .•structural

quality is the hrrnkimi length—that is, the length of the material which, suppc»s«^l

extended in 8pac<\ will d(>temnne fracture; in the above case

«»6.00()vio ,.,,^^ ^ „= 12,000 meters.

3. W. l)n-:(p<'r. .I.S.C.I., 1'.)()1>, 2.S. 1297.
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probability. It must be Iwrne in mind, however, that a larj^e propor-
tion of artificial silk is used as the warp in textiles where the weft is

real silk and that the finer the denier the greater covering power per

imit weight. And as the value of these textiles «lepends nr>t upon the
weight, but upon the covering power and hence the ap|)earaiu'e, it is

1 Nilfiit th:it in considoriiiir the latter the finer deniers are desirable.

DyeinK of ArtificMil Fibers comprises not only the artificial

-ilks, hilt artificial horsehair, .straw plaits, mixtures of non-lu.strous

curly waste from artificial silk nianufacture with wool or .shoddy, and
similar waste, carded and .spun by it.self. Artificial fil)ers may l)e

dyed either by direct coloring while preparing the .solution for pro-

jection through the miiiut(> orifices in the fornuition of the silk filament,

'>!• liy dyeing the finished .skeins. The first-named proce<lure has the

PI>e:ii;iiice of being the more simple and suitable (me, but practical

experience has show^n that the better way is to dye the fibers after

fornuition into skeins. Dyeing the artificial silk while in course of

formation consists in simply di.ssolving the appropriate dye.stuff in

Methylated spirits or denatured ethyl alcohol, and adding to the

;:here(l collodion a filtered .solution of this dyestuff.' It is neces-sarj'

to color the collodion verj- intensely that a heavy depth of .shade nuiy

he produced in the final filaments, and the dyestufT u.sed must be very

carefully filtered from any undis.solved particles, in order to guard

against stoppage of the minute orifices through which the solution is

projected in the formation of the filament. Another drawback to

this method is that vvitii colored .solutions the contents of at lea.st

an entire cyhntler nmst of necessity be dyed of the same color, whereas

where the dyeing is done in the hank form, amounts of various colors

may l)e dyed at the option of the manipulator, and the depth of .shade

can be goveme<l closely. P'or these rea.sons, the production of dyed
ilk in this manner from collodion .solutions has been almo.st entirely

ihandcjued. J3enitrated collodions have a much stronger affinity for

ha.sic dye-stuffs than Glanzstoff or viscose silks, and full shades can be

dyed direct on the former, whereas the latter must be mordanted,

usually with tannin. Substantive colors go on artificial silk too easily

1. E. Jentach (Farber-ZtR., 1908, 19, .36) notes that Chardonnet silk is peculiar
in tliat it takes up basic colors without the aitl of a mordant; the substantive
rotton colore are l>est absorlxnl by " ( ilanzstoflf." Chanlonnet silk, however, gives
fuller and faster dyeings with basic colors when previously mordant<Hl with tannic
acid and tartar emetic. Details of the meth(xis of dyeing artificial silk and of the
colors most suitable for the purpose are given. It is stated tliat dyeings with tlie

substantive cotton colors are often "topped" with ba.sic colors in order to brighten
them. Shades which appear dull on drying are often brighteiunl by st<>amiiig

for a short time. In dyeing both Chardonnet silk and "(Jlanzstoff," the temper-
.'iturp of the bath .should not e\rfc(i 70°, a lukewarm bath lM>ing used at the com-
iiu uctini Ml oi the operation. Ilif dyeing usually takes from one to two hours.
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and quickly for levoi <lyeing, \mless the dyestuff be considerably

diluted. Chardonnet silk is peculiar in that it takes up basic colors

to full shades without previous mordanting, whereas the substantive

colors are best absorbed by Glanz-itofT. These observations are explained

by the fact that Chardonnet silk is made from nitrated cellulose and

therefore probably contains oxycellulose, while Glanzstofif is incicly

a different form of cotton cellulose. Chardonnet silk, however, gives

fuller and fa.ster dyeings with basic colors when previously mordanted

with tannin and tartar emetic, the fastness of the shades being better

than on mercerized cotton (near-silk or luster). It has been found

that where the dye-bath is too hot there is a diminution in luster,

while the threads soften and stretch unevenly. It therefore should

be handled very carefully at all times, especially when wet, and under

no circumstances should it be allowed to lie around wet for any great

length of time. When it is remembered that there is a diminution

in strength of about 60% shown when in the wet state, the reason

for careful handling in this condition becomes apparent. Drying,

however, restores the strength of the fiber to its original condition,

especially if the fiber has been allowed to absorb from the atmosphere

its " normal hygroscopic moisture." The temperature of the dye-

bath should not exceed 60°, and is better carried out at about 45-50°.

CJreat care should also be exercised in turning the skeins, on account

of their tendering in the wetted condition, more apparent with a ri.se

in temperature of the water. Well polished bamboo sticks and rivet-

le.ss copper kettles are recommended,^ although the usual wooden

dye-box to the author's knowledge is in daily use with apparent satis-

faction. Certain dye.stuffs go on artificial silk very unevenly, and this

lack of uniformity is not always apparent when using the same <lyes,2

often leaving .spots entirely or nearly white. This unevemiess luvs been

considered ^ as a demonstration of the heterogeneity of artificial fibers

1. According to F. Beltzer, Mon. Sci., Apr., 1907, 237, commenced Feb. 1907, 8S,

2. L.c; according to W. Minajcff (Z. Vixrh. Ind., WW.), 7, 236) comparisons
of the action of dyes on Panly silk and cotton indicates relative to the latter, that

(I) the cuticle of the bleached fiber has no influence on the dyeing process. (2)

the lamellar structure of cotton plays no part in difTertmtiating its dyeing action
fri)m that of Pauly silk, and (3) the canals in the cotton fiber play no important
acti«>n, mordants and lakes depositing in the canals to only a very limited extent.
TIm' detennining factors are thickness, tlensity, and capillarity, rather than micri>-

scopic structure.

3. V. Clement (Kiirlx'r Zeit., 1909, 20, 1) states that all the artificial silks pos-
wss the defect, when dyed in l)ulk or in the cloth, of giving stripes of different
intensities of slmde. In the colUxlion silks this defect has been tniced to differ-

ences in the nercentage of residual nitrog<»n (1. 10 to 1.01) remaining after «lenitni-

tion, the tlarlcer .shades correspon<ling to higher percentages of nitrogen. In the
cas<i of "(ilanisstofT" and viscose silks, the darker stri|>es correspond with a more
pronounced oxycellulose reaction. The author thinks tliat the difTerences are not
due to any irregularities of the cheiyical treatments subse<pient to the formation
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as oomparoil with tl»o liomo^oneity of nalurul onfs. Topping lightly

with basic <|ycstuff.s often roniP<h*es this tlifTerence, ami a(Uls bright-

ness anil t(»ii«' to the shatle.'

In a general way, dyeing with the various sulphide colors, so advanta-

get>us with viscose filaments, proceeds the same as with direct or cot-

ton colors, care being taken to keep the temperature lielow 60°, and
using a smaller iunoimt of dyestufT and Glauber salts.^ The dye-

bath should l>e prepared, heatetl to the desire<l temperature, and the

dyeing operation proceedetl with as promptly as possible. Proper

wetting out of the "silk " is verj- essential, ami this means that the

tem{)erature of the water should not be l>elow 4.s°, nor al)ove 6(1°,

the immersion being only sufficiently long enough to pennit of thor-

ough wetting of the fibers. Omission of this point is frequent cause

of uneven dyeings. The volume of the dye-bath in relation to the

amount of silk to be dyed is an important consideration, 3.5 U.S. gal.

to each pound of- silk l^eing found best suite<l for all shades and classes

of colors, while in dyeing blacks and certain very hea\y shades, as

lK)ttle greens, dark blue and intense reds and yellows, the proportion

of water to silk may be diminished.

The wetted skeins, either before or after mordanting and depending

II the class of dyestuflf it is desired to deposit on the fiber, is immersetl

in the warm dye-bath, turned carefuU}- but continuously until the

rofjuireil shade is obtained, taken out and allowed to drain, but not

w rung by hand on account of their tender condition, when after cool-

of the thrcatls, l)ut are caused by uncontrolletl changes in the cellulose, taking
place under the influence of the alkaline agents employed for dissolving the cellulose

prior to spinning. The product of every batch is stated to be uniform as regards
its dyeing properties, but is always irregular in count ("denier"). Since this

cannot be controlled, the skeins are sorted according to "denier" afterward,
and .skeins from several batches are parceled together, one batch having a different

affinity for dyestuffs from another. Artificial silks must be bleached rapidly;
alternate treatments with sodium hj'pochlorite and hydrochloric acid give the
l)est result^s; the permanganate bleach weakens the fiber. For dyeing, the basic

dyestuffs of the "janus" group give the l^est results as a rule. On collodion silks

the "janus" colors give full shades direct, fast to light and to water; the other
silks show equally good results on tannin mordants. The "seto" dyestuffs are
•ilso good but not particularly fast. Many of the acid dyestuffs are suitable for

the direct dyeing of pale shades, fast to light but not to water. The substantive
dyestuffs are used very extensively, but are not suitable for "navy blue"; this

color is l)e:<t obtained by janus blue R or indoin blue toned »nth methyl violet.

For black, janus black gives the finest shades. All dyestuffs are somewhat less

fast to light on artificial silk than on cotton. The author concludes with a table

of tests for the artificial silks. It is difficult to distinguish Ijetween "(Jlanzstoff"

and viscose silks; the latter, however, gives a somewhat darker shade with Schiff's

reagent than the former.
1. By reason of the threads swelling greatly they take the dye more rapidly

than u; the case with natural silk, and for light and delicate shades great care has
to be exercised not to over-dye.

2. CK'erheating during drying should be avoided, and under no circumstances
should the silk be left in the dry-room after it«ha8 become properly dried.
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ing to the room-temperature, the hanks are preferably wrappe<i in

cloths and hydro-extracted in a centrifuge. They are then placetl

in a drying-room heated to not above 40° for the removal of the remain-

der of the moisture, and when dried are allowed to cool gradually

without being touched and to assume their normal amount of moisture

from the air before being removed. This is necessary on account of

the fact that when deprived of all moisture the filaments are quite

brittle, but regain their elasticity upon absorption of moisture again.

In dyeing with the direct colors, and less frequently with the basic

colors, standing baths are to be used in the same manner as in cotton

hank or piece dyeing, the actual value of the partially exhausted

bath depending in a large measure upon the volume of business done

by the dyer and whether the run on a particular shade is heavj- or

frequent enough to warrant keeping up a standing bath. The luster

may be increased by drj^ing under tension.

Shades that are found after drying to be too deep may be some-

what lightened by a short and very careful process of steaming, while

conversely, shades that are considered too light may be intensified

by increasing the temperature of drying, which often has a tendency

to darken the shade. Sodium carbonate facilitates the application

of the substantive dyestuffs, and Monopol soap or Turkey-red oil

favors the production of evenness in dyeing and a soft feel. Washing

in cold water should follow dyeing, and then a cold bath containing,

for brightening purposes, acetic acid and a trace of soap. A little

acetic acid may be added to the dye-bath, but no soap, Turkey-red

oil or other softener must be added at this stage, for they form a dull

lake with the basic colors. ^ Dry artificial silk is said to absorb 16^",'

of its own weight of moisture as against 11% by natural silk. Arti-

1. E. Mertz (F.P. 364913, 1906) has devised a process for dyeing artificial silk

wound on bobbins by machinery. The bobbins carrying the material are supported
at each end by bearings fixed to two endless vertical chains. These chains can l)o

revolved intermittently by means of gearing connected with a lever-and-cam
arrangement. The edges of the bobbin reels are in contact with a vertical plate

faced with caoutchouc, and placed on one side of them. The reels press against

this, and are thus caused to revolve on their axes during the upward motion. The
liquid to l)e applied is forced over the uppermost bobbin through a porforate<l

pipe, and is caught in a vessel placed beneath the bobbin. This vessel is also

E«rforated, and the liquid thus falls on to the next lower bobbin, and so on to the
)ttom. The material is thus submitted to a liquid becoming more and more

pure as it rises to the top of the machine. The bobbins are removed at the top.

and fresh ones inserted at the low;er part of the endless chain.

According to E. Dierichs (D.Il.P. 2119i)(), 1907) dyed cotton fibers are woven
with undywl artiftcial silk, and the fabric thus obtaineil is treated with an alkaline

solution, whereby the color is partially discliarge<l from the cotton and is taken up
by the artificial silk. An example is given in which two lots of cotton are mor-
<lanted with tannin and dyed with methylene blue and brilliant rhoduline re<l;

the fabric made from these and the artificial silk is treated for half to three-quarters

of an hour, at 40-50°, with a 1% solution of sodium sulphide.
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fu'ial silk cannot be weightotl as the natural silk, due to at leaat two
causes—the fil>er will not absorb the metallic oxides, and even if it

(I ill, its nature Ls such that it will not stand the temperature, nor the

handling: necessarj'. When the artificial pro<luct is " horsed " lightly

aftor drying, it has a luster superior to that of natural silk, and to
" scroop " also, it may be passed through a soap bath, and

altcrwurd through a (lilute solution of acetic, or l)etter, tartaric acid.*

There is no one manufacturer's series of <lyestuffs markedly superior

for artificial silk dyeing. ^^ Clement ^ especially recommends the

1. The luster of artificial silk, especially wliere develope«l to the maximum by
tension tiuring drying is somewhat metallic on account of double refraction, seen
more conspicuously with the cellulose nitrate silks. This double refraction causes
many ilyes to fluoresce on artificial silk to such an extent as to preclutle their use.
The «lifference l)etween the price of artificial silk and the natural prwluct is in
n-ality not so great as wouUl at first appear, on account of the fact tliat the first

nameil Ims a greater specific weight and more transparency than the second. As
a conse<iuence, a correspondingly greater amount of artificial silk is re(|iiired to
supply the same covering power given by natural silk. For passementerie, where
the sUk is employeil massed thickly and embedded, this characteristic is of very
little importance; indeed, artificial silks are used largely to replace in part or
wholly, weighte<l natural silks. The ten.sile strength of artificial silk is also lower
in the dry state tlian that of the natural product, and becomes much lower still

when dampe<l ; dyeing in machines consequently presents some difficulties.

2. L.c. has found that for general pur]K)ses the basic dyes are verj' suitable,

antl particularly the janus colors of the lloechst works, the dual character of which
in Ix-having as basic dyes and as the substantive dyes makes them very ser\iceable;
also the seto dyes of the Geigy works, which, when regardetl chemically, resemble
the acid colorin'g nuitters. The first-named supply on collodion silk, without any
monlant, colorings that are fairly fast to water; they also give deep shades on the
cellulose silks. Setoglaucine and setocyanine of the second class have to be singled

out for mention, on account of the facility with which very level dyeings may be
obtained!, though the colors possess no particular degree of fastness.

CollfKlion silk may lie dyeil directly in very deep shades, but the cellulose silks

in light and me<lium shatles only. For deep sliatles on the latter, and also if fastness
to washing Ix; demandetl, a preliminary mordanting with tannin is necessary.
The material, however, should not l>e steeped overnight in the tannin; as a matter
of fact, an inunersion extending to one or two hours is quite long enough, this
to l)e followed by squeezing and a passage through a cold bath of tartar emetic.
It is useful at times to diminish the affinity of the tannin for the fiber by employing
it in a cold solution. A goodly number of acid dyes are available for the dyeing
of artificial silks. Foremost are quinoline yellow, victoria yellow, orange 2 and 4,

metanil yellow, brilliant orange, brilliant croceine, phloxine, acid rosamine, fast

acid violet, soluble blue, patent blue, erioglaucine, eriocyanine, and acid violet.

These coloring matters serve for the production of a variety of shades mostly in

pale tones, and also for bright red, though these are fast neither to light nor to
water. When incompletely denitrated, collodion silk fixes the acid dyes in a fashion
to give sha<ies fast to soapmg, but not when completely and sufficiently denitrated.

In a general way both collodion silk and the cellulose silks l>ehave similarly

toward the acid dyes. The basic dyes, the janus dyes, and the acid colbrs are each
:»ppli<'d in the same manner. The material is first damped in tepid water and
ciiti rf<l into the dye-l)ath acidifie<l with acetic acid or alum; the solution of the
ciiloring matter is then addeil, and the silk dye<l for a quarter of an hour in the cold,

and for a further half hour at a temperature of 30-60°. It is then removed, washeti
lightly, and s<|ueezed with care. The substantive dyes are applieil from a Imth
containing common salt and sodium carl>onate for about three-quarters of an hour,
the temperature of the bath l>eing gra<lually raise*! during that period to 60°. The
presence of soap in the bath favors the manipulation of the material and softens

the fiber, but does not prevent the occurrence of streaky dyeings. For a marine
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janus and seto dyes, but the diamine ', and other 2 basic and direct

blue, none of the substantive dyes is suitable, a much letter color l>eing obtain-

able by the use of janus blue or indophene blue and methyl violet. The sulphitic

tlyes are applied from a cold bath containing, l^sides the color, sulphide of soda,

8«Klium carbonate, and a small proportion of common salt. The browns and some
other shades may be used without danger, but the blues and blacks affect the

brilliancy and the handle of the fiber. Colors prcxluced with the aid of the acid

dyes, the basic dyes on unmordanted material, and the janus dyes on the cellulose

silks, are not fast to water.

1. The direct colors recommendetl for use comprise: diamine rose BG and BI),

fast Ihmjzo rose, brilliant geranine (j, B and 3B, diamine fast scarlet (JB, (KJ, 4B,

Itenzo fa.st scarlet (IS, 4BS, 5BS, and 8BS, diamine fast re<l F, diamine brilliant

bordeaux K, Iktizo fast re<l, thioflnvine S, diamine yellow CP, diamine fa.st yellow

I'F, diamine orange, oxydiamine red, triazol yellow, chloramine yellow and orange,

diamine green B, diamine dark green, l)enzo green, diamine blue, diamine fast

blue, oxy diamine blues, l)enzo brilliant blue GB an<l brilliant azurinc.

For drabs and like compound shades: diamine blue black B, oxydiamine black

JE, brilliant l)enzo blue GB, chloramine yellow M, geranine and pluton brown.
For browns: diamine browns, oxydiamine brown (i, diamine catechine (i and

pluton browns, shading when necessary with yellow or black. When it is require<l

to call into use the basic colors, the artificial silk is mordanted in a bath at G()°,

containing 1-4% of tannin, and is worke<l therein for a short time and left under
the liquid for two hours; it is then centrifugally hydroextracte<l and treated for

about half an hour in a 1 or 2% bath of antimony salt.

The basic colors found useful are: nile blue B, turquoise blue BB and (), methy-
lene l)lue BB, victoria blue B, new methylene blue N, indazine M, new victoria

blue F and R, crystal violet lOB, irisamine G, methyl violet 7B, 2B and R, brilliant

rhoduline R, tannin heliotrope, brilliant green, mahvchite green, fast green; and
for shading the greens: thioflavine T and rhoduline yellow GB.

According to C. Suvem in u.sing the diamine colors for either Chardonnet, cellu-

lose, or viscose silk, soap is added to the dye liquor to soften the material and
facilitate the exhaustion of the dye. The amount of liquor for ordinarj' colors is

liO times the weight of the material. For flark shades and black the proportions

vary between 20 and 2.') to 1. P'or bright .shades, an addition of 1% of calcine<l

soda and 2% of soap is recommended. The material is treated for one-half hour
at 55°. For bright and medium shades, 1% of calcined so<la, 2% of soap, and 5% to

10% of Glauber's salts are added. The temperature is brought to 55°; this is

slowly raised to 60°, and the material handled for thirty to fortj'-five minutes.

Black can also Ije dyed at 60°. The dye-bath, particularly for sulphur shades,

is not exhausted, and consequently the liquor can Ik? used again to advantage.
When using a standing bath, three-quarters of the regular amount of dyestufT is

used for light colors and two-thirds for black, along with one-fourth of the original

quantity of soap, soda, and Glaul^er's salts. The colors obtained with basic dyes
are developed to some extent by an after-treatment in a solution of acetic acid.

Diazotized and developed colors are obtained on artificial silk by the methods used
for cotton.

2. Among those especially suitable may be mentioned the basic dyestufTs:

auramine O, II, G; brilliant phosphine 5(i, 3G; brilliant phosphine G; patent
phosphine G, GG, R; chrysoidine G; bisii... '' brown G, R; safranine G 000, B 000;
rhodamine GG, B, S; diamond magenta; cen. violet SR, 4B; crystal violet

5BO; ethvl violet; methylene blue G; fast green \.>, I, JJO; new fast green 2B,
3B; iute black N, V, GN.

The acid dyestufTs particularly suitable for pale shades and for mixtures, are:

azo yellow O, 1; orange II; rocceline; acid violet 3BN, 4BN, 7B; wool green S;
gray R, B, BB.

Among the direct or substantive dvestufTs are: chlorantine yellow JG; chlor-

antine yellow J.I; cotton yellow ClI; clilorantine orange TR; chlorantine orange
TRR; direct orange G, R; cotton red 11 B 1436; <lirect safranine, G, B; chlorantine
nnl 4B, 8B; chlorantine pink; chlorantine lilac R, B, BB; direct brown M;
cunranil brown (J. R, B; chlorantine brown R, B, BB; chlorantine lilac B, BB, R;
chlorantine violet B, R; acetylene blue 3R. 6B; acetylene pure blue; direct sky
blue, green shade; acetylene sky blue; carbide black S; direct green B695; direct
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dyestuffs are probably etjually applicable. The dyeing of .straw

haUs and .similar heavier material made from artificial ribbons, horse-

hair and tubes has recently assumed considerable importance.* It

has been noted * that artificial fibers, which have l)een treated with

aldehydes (formaldehyde) followetl by the action oi acids or other

dehyilrating agents, and then wa.shed and dried, have little affinity

for dyestuffs. They may, however, Ije readily dye<l if they are first

treated -vrith solutions of alkali hydroxides, with or without addition

of oxidizing agents, such as hypochlorites. The caustic alkali solu-

tion may var}' in strength from 1 to 3o*^t> the duration of the action

depending on the strength used, but it is preferable to use the more

dilute lyes, since the stronger ones cause shrinkage of the fibers unless

they are kept under tension during the process.

Properties of the Artificial Filaments.^ The more eloeely

these threatLs approach in appearance and properties that of natural

silk, the more importance will be attached to methods for differentiating

l)etween them. Saget and Suvem,* A. Herzog* and C. Hassack ^ have

gray B, R; dianil yellow 3C1, R, 2R, pat.; dianil direct yellow S, oxy-dianil yellow
(); auropheuiiip, (.); cresotine yellow CJ; dianil orange G pat., N; toluylene oraiige

R; hrilliant dianil re«l R; delta purpurincoB; dianil red R,4B, lOB; dianil claret re<l

B, (I: dianil blue pat., all brands; dianil dark blue R, 3R, pat.; dianil brown 3(jO,

R, Bl); dianil fa.st brown B; dianil black pat., all brands, fuirticularly C'R and CB.
1. A considerable proportion of ladies' light summer hats which appear to

command ready sale on account of their l)eautiful luster and light texture, are,

iiccording to E. Wilkinson (Dyer and Calico Printer) made of artificial fibers,

esjx^ially cupranmionium silk. The hats are not able to withstand rough treat-

ment, and a shower of rain is often sufficient to spoil their appearance. Often
they are dye<l without regard for fastness, the chief points obser\ed l>eing to pro-

duce the m»Kle sliades with great exactness in matching and sufficient fa.stnes8 to

the hut pressing which each hat must undergo before is it ofTere.1 for sale. These
"(llanzstofT hats" are dyed—or more properly colored—by simple immersion of the

hat in an alcoholic solution of the dyestuff. The l)asic colors are generally used
on account of their bright hues and ready penetration. The most important con-
sideration is to select dyes fast to the temperature of hot pressing in which the hat
is given its form. Chrysoidine, which resists the heat when dye<l on cotton, turns
brown when subjected to the same temperature on artificial silk. Magenta with
similar treatment turns a dark, dull violet. Chrj'soidine may l>e replaced by such
a color as tannin orange paste, and magenta by the safranines. .Vrtificial silk

hats are stiffened with shellac l>efore—not after—dyeing, and may therefore be
nrei^eed as soon as dry after dyeing. If not shellacked beforehand, uneven <lyeing

IS apt to result. If in dyeing dark sha<lcs the hats " bronze" thi.s imiy Ikj remedie*!

by wiping with an oily rag. The following dyestuffs are said to he particularly

sat i.sfactory for this work: safranin ri l.SO, irisamine, paraphosphine G, tannin

orange R paste, brilliant gri-en crj'stals. new methylene blue 3 R.
2. Fiirst Guido Doni»ersmarch'sche Kunstseiden- u. Acetatwerke, D.R.P. 219H4S,

1908. For reasons for " Faulty Artificial Silk." .see S. Culp. Farb. Ztg.. 1910, 21. HI.
3. See W. Massot, Farb. Ztg., 1909, 18. 146, 166, 1S2; in which the physical

and microscopic characters are given, and illustrated by photo-micrographs.
4. Bull. Soc. d'Encouragement, 1906, 540.

5. Lehne's Farb. Ztg., 1894-5, 49; Oest. Chem. Ztg., 1906. », 166. See " Die
TTnterscheidung der Xatiirliclien und Kunstlichen Seiden," Heraog, 1910, pp. 78;

Theodor SteinkopfT's Verlag. For reactions of artificial silk, Mon. tcint., 1904,

4«. 56; Pharm. (entralh.. IJHM. 45, 118.

6. 0c8t. Chem. Ztg., 1900, No. 1.
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studied these differentiations—the latter microscopically—from which

sources the following observations may be recorded. Hassock ha>.

shown that microscopical examination alone is sufficient to distin-

guish natural from artificial silk, since all forms of the latter have

much coarser filaments, the relative diameters in micromillimeters

being: i

Mean. Maxiinam.
u fl

Chardonnet silk 45 to 60 100
Fisraes silk 40 to 80 120
Lehner silk 60 to 90 135
Pauly silk 40 to 50 75
Gelatin silk 60 to 80 85
Genuine silk 9 to 15 20

Genuine silk can also be inmiediately differentiated from the artificial

by the uniform thickness and roundness of the fiber and with but

a few cross stripes, while artificial filaments lack this uniformity,

being considerably thicker in some places than in others, as a rule

not perfectly round, and often angular, distorted and more or less

flattened, especially those Chardonnet silks which have been coagulated

in a fluid medium, as distinguished from the filaments produced by
" dry spinning," i.e., solidified by exposure to the atmosphere only.

The Glanzstoff silk is much more uniform in appearance, approach-

ing more closely a cylinder in structure. Fismes and Walston nitro-

cellulose silks, as examined by Hassock, resemble Chardonnet filaments

under the microscope, Fismes being more conspicuously furrowed

lengthwise of the thread. He claims the Chardonnet, Fismes (Du

Vivier) and Walston nitrocellulose silks can only be distinguished

from each other microscopically by means of the appearance of cross-

sections, the latter being readily obtained either by imbedding the

filaments in paraffin or gum solution and after hardening, cross-section-

ing with a sharp razor, or better, with a microtome. Chardonnet

fibers appear somewhat flattened, indented on the surface with minute

canals in the interior, and are irregular. Fismes shows for the

most part irregular and many-shaped forms, which always contain

one or more sharp indentations. The English filaments (Walston)

are much more conspicuously flattened and unevenly jagged. The
Lehner silk examined by Hassock showed either a broad indente<i

canal, ridged in the middle or at the sides, in which air bubbles are

frequently visible, these bubbles being elongated in the longitudinal

direction of the filament, indicating the same had been drawn out

after spinning and before coagulation. Often could be observed

1. These results are for filaments in a swollen (by water) state. To obtain
the air-dry diameters, from 25-33% should be deducted from the figures given.



ARTIIK lAJ. MLAMKNTS 551

several heavy, lengthwise lines, usually nmning in pairs, which cause

the etlges of the canal-like threads to unite over the canal. Nearly

all of the fibers upon sufficient magnification show clear, verj' closely

situated, short stripings or clefts, which could l>e readily traced to

numerous small air bubbles which were contained in the spinning

biiHstunce and drawn out during the strain after spinning. These

bubbles varied from 3-I0/< long and 1-3// ^*ide. When these fibers

are swollen in Sweitzer's reagent, the fine interior cracks apparently

swell into bubbles, inclosing fluid.

Lehner filaments appear jagged, especially in the clefts, and are

distinguished b}' their peculiar cross-section forms, being often in the

shape of the letters V or L, with deep convolutions. The GlanzstofT

fibers, which usually consist of from 15-18 filaments, are much more
»'\en in structure and shape than the collodion silks, nearly all forms

being cylindrical and seldom appreciably flatteneil, their surface

often showing large numlsers of finely striated cuts. Air bubbles

aio infrequently noticetl, although sometimes arranged in long chains.

In all fibers upon focusing with the medium adjustment extremely deli-

cate radiating lines may be observed in the middle of the fibers, appar-

ently the result of uneven coagulations of the spinning fluid. In many
places two obliquely nmning lines may l)e detected, undoubtedly

caused by the crossing of two threatls in the collector. They resemble

the crossings in Tussah silk which are caused in the same way. A
cross section shows GlanzstofT filaments nearly round, or rounded

corners, seldom flattened, and the average diameter far more uniform

than the various nitrocellulose silks. The gelatine silks are apparently

without tlistinguishing markings, in cross-section circular, even, with

but few bubbles and no striations.

Polarized Light. ^^'ith the exception of threads prepared

from gelatin, artificial silk may be distinguished from the natural

fiber by its double refraction of light. Hohnel,^ E. Hanausek,^ C.

Hassock,3 Chardonnet and others have studied this phenomenon care-

1. I'. V. Hohncl, "Die Mikroskopie der technisch verwendeten Faserstoflfc,"

p. l.W.

2. " Mittheilungen aus dem Laboratorium f. Warenkunde a. d. Wiener Handels-
akademje," 1890.

3. C.R., 1889, 108, 962. Hassock (I.e.) claims that in the dark field of vision

of polarization the cellulose silk of Pauly appears brighter in the middle and
thickest parts and towartl the edges changmg to bright yellow, which is a proof
of the even thickness and cylindrical form of the threads. Where two threads
cross, beautiful steel-blue to purple tones apt)ear, corresponding to the greater
thickness of the substance. The collodion silks of Pr^s de V'aux (CJianlonnet),
Fismes and Walston, .seldom show even coloring for any considerable <listanco,

different tones appearing in stripings corresponding to the uneven nature of the
cros"«pofion?. in this respect being similar to Tussah silk. .\t those [X)int.s whem
till ilina'i.s turn their small side toward the eye, green to l^lue polarization colors
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fully, the general consensus of opinion being that although genuine

silk possesses the power of refracting light, but to the practiced observer

the differences between the natural and artificial fibers are readily

apparent. A thread of geniune silk in the polariscope always shows

the same relative color dispersion when placed in the same position,

the color usually being blue or green when the flattened side is towai<l

the observer.

Tenacity and Durability are exceedingly important properties

of these fibers, since upon them depend the durability of the fabrics

manufactured from them. And it is in these constants that the infe-

riority as compared with natural silks is most evident. The Bull,

of the Imperial Inst, give results of some tests of breaking stresse.s,

given in kilos per square mm.,* which are identical with those of

Strehlenert and Westergren cited below. R. Bernard 2 records the

following figures, in which it will be noted that the process of

denitration decreases materially the elasticity and tensile strength of

the filaments. This diminution of resistance of the nitrocellulose

Elongation of Fiber
at the moment
of rupture.

Nitrocellulose spun (Chardonnet).

.

Nitrocellulose denitrated and dried

Nitrocellulose denitrated and wet.

.

Nitrocellulose spun (Bronnert)
Nitrocellulose denitrated and dry.

.

Nitrocellulose denitrated and wet.

.

Natural silk

23%
8%

2«%
13%

18%

Skein of bleached cotton (Ilauschild) without treatment
Skein of bleached cotton (Ilauschild) without treatment,

moistened
Skein of bleached cotton after hexanitration (by the concen-

trated sulphonitric mixed acids in the cold), dry
The same after hexanitration, only wet
The hexanitrate<l cotton denitrated, dry
The hexanitrated cotton denitrated, wet

BrcakinK Strain.
Average of 20 trial.s.

825

942

S84
828
529
206

may usually be seen. I^ehner silk shows the most and brightest colors upon polar-

ization, cau.sed by the variation in cross-sections and the varying thickness m the
diameter of the filament. In the thicker portions, colors of a higher order api>ear,

a.s in those places where two threads cross. Cross-sections of artificial silks appear
in the dark field in bright colors but different .shades on account of the varying
thickness of the cros.s-.sections. Tho.se of gelatin silk remain dark.

1. Supplement to the Board of Trade Jour., WWn, 2, 266.
2. Mon. Sci., May, 1905, in Jour. Soc. Dyers and Col., 1905, 21, 167.
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caused by denitration, corroboratca the opinion of Blondeau, that

nitration modifies the structure of the celhilo8e. Strehlenert an<l Wes-
tergren * in a communication to the Chemical Society of Stockholm,

submitted the results of a comparative examination of the various

types of artificial silk and of the processes by which cellulose is con-

verted into this form. They record their opinion as to the relative

advantages of the viscose met hot!, an important factor l)eing that

wood jMilp is the most suitable raw material for this process, and that

it further offers the prospect of working up the waste wood, which

in the Scandinavian pulp industry amounts to over 40% of the wood
felle<l.

The following results of determinations of breaking strains are

recordetl

:

AbMulutc Krrakinie
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the results being several times repeated, the arithmetical mean
of which are appended below:

( it iiuiui' silk (Piemoiit-Orfiuiitii.) 21.6 per cent.

("hariloiiiict silk froTn Pr6s de Vaux 8.0 "

C<)llo<lioii >ilk troin I'ismes 11.6 "

Collodion silk lioni Wulston 7 .i»
"

I^hiier silk 7.5 "

Pauly's cellulose silk 12.5 "

Gelatin silk 3.8

In order to compare the results directly with genuine silk (the sample

being of medium tenacity and the titer 22-24 denier), the calculaiion^

are recorded in the following table, the relative tearing resi.-iaiKc

being calculated in the last column on the basis of a unit titer of 100

denier.

Quiility.

fienuine silk. . .

('hardoiiiict silk

Fismcs
Walstoii

liehiier

Pauly
Gelatin

Denier.

23
SO
100
120
120
120
100

BrcakinK
Strain
in gm.

Do. per
Denier

Ela.sti«ity.

per cent.
(Genuine

Silk- 100.)

1 1

71

151

171
l(t7

63.0

'.i:;

0.71
1.26
1.43
1.64
0.63

21.6
8.0
11.6
7.9
7.5
12.5
3.8

Recent figures given by the te.-^tiiii: department of the Manchester

Chamber of Commerce show the following results:
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for the finer sizes per unit weight of thread (denier) and with it a
" decrejise in elongation before breaking," the latter figure not neces-

sarily indicating that the elasticity is decreased:

Siie in
Deniera of Artificial

Filanipnt.
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The tenacity of different artificial filaments as compared with

genuine silk is given below, from which it will be noted that no arti-

ficial silk has been produced possessing more than two-thirtls of the

tenacity of genuine silk.

Genuine silk 100
C'hardonnet silk 44
Vivier silk 29
Pauly silk 45 to 50
Lehner silk 68

The Specific Gravity of artificial filaments is 10-13% higher

than natural silk, gelatin silks, however, having about the same density.

The ash is generally under 2%. Whereas natural silk contains about

17% nitrogen, the artificial fibers contain much less, as noted from the

following:

Nature of Yarn. Per cent.

Pauly make (CuprammoiiiunO .13
Chardonnet (Nitrocellulose) French .15

" " German .16

I^hner " .07

Nitrocellulose D . 15 to 14 . 14

The diphenylamine test for artificial silks gives the following reactions:

Silk Brown coloration.

Tu8.sah silk Intense brown.
(Chardonnet and Lehner (Nitrocellulose) Intense blue.

Pauly, Viscose or Yarmouth silks No reaction.

The peculiar rustle (scroup) which silk po.ssosses when loaded witli

certain metallic salts is closely imitated when the artificial filament.

-

arc similarly treated, in which respect the behavior of the two classes

of fibers is identical. The brilliancy of fiber in the coarser counts

is decidedly greater than natural silk, and apparently the Glanisstoff

silk is superior in this respect to the nitrocellulose silks. It is dif-

ficult to make close comparisons on account of the fact that the luster

and resplendency may be greatly modified by previous mercerization

or drying the filaments under coiisiderable tension. The brilliancy

of the cellulose nitrate filaments depends in a great measure on the

care and method of denitration.

The covering power of artificial silk is but oO-GO'^^ that of real

silk, mainly due to the relatively larger size of the individtial filaments.

The defects which may be said to interfere with the iniiversal

use of artificial filaments for all the uses to which natural silk is put

is, according to W. Dreapcr ' comprehended in the following:

(1) The size, or denier of the threads is too great.

1. Jour. Soc. Dyers. C"ol., 1'.hi7, 23, 7.
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(2) The filaments wIhMi ?mmIc iip the^e tbr*»a«l'* ni^ m\u-h larpor

than the reiil silk ones.

(3) Strenj^th. ami cliusiicity are not Hatwfactor>', eMpe<>UiIly the

hitter.

(4) The I088 of strength on wetting is excessive.

(5) The lack of covering power re<luces the value of the product.

The conibinetl effect of these tlefects removes these protlucts out-

side the Hmils of ordinary dress materials. On the other hand, the

h:\rslj feel is not considereil a defect in the manufacture of hraids, etc.

Chemical Properties of the Artificial Fibers. C. Suvem (I.e.)

aiitlC.C. Ha.s.«M»(k 1 ( .) lijive made exhau.stive comparisons of the deport-

inent of natural an«l artificial silks with various reagents, in attempts

to differentiate these two classes of fibers by means of well-defined

chemical reactions. China and Tussah natural silks and the artificial

filaments prepare<l acconlingto the methods of Chardonnet at liesanQon

and Spreitenl)ach, Tx^hner's pnxluct, and the filaments pro<luced by

the cuprammoniimi methods of Tauly Hronnert, Fremery and Urban
wcix' compared under similar conditions, that small differences might

be more apparent. As these investigations fonn the most complete

research on this subject so far appearing, their comiK)site results are

given somewhat in detail.

(1) Potassium Hydroxide solution of maximum concentration

tlissolves the natural silks, Tussah less readily, but completely on
boiling, the collulose " silks " becoming discolored, gelatinized, and

transparent, but incompletely dissolving except ujMjn long l>oiling.

I>ehner and Pauly filaments were most resistant.

(2) Potassium Hydroxide 40^ solution completely dissolves

China silk at 6o-S5°, Tussah being more resistant, swelling considerably

at 75°, and passing completely into solution at 100-120°. The cellu-

lose filaments began to swell at the room temperature, but resisted

the infltience of the alkali for considerable time. Pauly silk fast di.s-

(oloic.l Imt -liowti no -welling, being least affected by this treatment.

Chardonnet Besangon was most susceptible to treatment with 40%
KOH solution.

(3) Zinc Chloride Solution 60% (not 40%). The samples were

all shaken with zinc chloride solution in test tubes, and heatetl in a

bath of concentrated sulphuric acid. China silk was readily affected,

Tussah less easily, the artificial silks offering more resistance at 100°,

especially the Pauly, which dissolved only at 180°, the collodion prod-

ucts passing into solution at 140-145°. Xo violent foaming of the

silks was noted, as stated in the literature. With this method of

examination very prominent differences appeare<l, Tussah and the
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collodion silks forming one group dissolving at 11.')°, as against China

silk at 120°.

(4) Alkaline Copper solution in glycerol prepared by dissolvin^^

10 gni. coi)per sulphate crystals in 100 cc. water, adding o gm. glycerol

and 10 cc. of 40% KOH aqueous solution. The precipitate of cupric

hydroxide first formed with the alkali just redissolved upon addition

of 10 cc. total KOH solution. In this solution China silk dissolved

while the others were inappreciably affected, even at the temperature

of lK)iling.

(5) Ammoniacnl Nickel oxide solution was obtained by saturating

nickel sulphate with an alkaline hydroxide, washing the nickel hydrox-

ide and redissolving the precipitate in the minimum of ammonia.

China silk readily dissolved at room temperature, and completely on

boiling, the other samples being unaffected.

(6) Cuprammonium Solution, prepared by dissolving well-washetl

cupric hydroxide in 24% ammonia. In this reagent the China silk

only was dissolved, the others undergoing no appreciable change.

(7) Fehling^a solution. Natural silks dissolvetl clearly, Tussah

with difficulty, the artificial fibers being unaffected.

(8) Concentrated Nitric Acid decomposed China silk in the cold,

Tussah still more readily, the artificial silks remaining unchanged

for a considerable time. All dissolved on boiling, the Pauly with a

dark yellow color.

(9) Chromic Acid solution 4% and 20%. The weaker solution

had no apparent effect on any, even at boiling. 20^,' solution at boil-

ing dissolved all but Tussah, the latter retaining a loose thread-like

structure.

(10) Millon's Reagent, at boiling, both natural silks gave a violet

color, while the four artificial silks showed no change.

(11) Iodine in potassium iodide solution. The samples were

moistened with water and a drop of the reagent added. China silk

being colored a deep brown, Tussah a pale brown, the cullodion silks

first turning brown and then blue. Pauly filaments showed no change.

(12) Diphenylamine Sulphate. Diphenylamine was dissolved in

concentrated sulphuric acid, 1-2 cc. of the solution poured on a watch-

glass with white background, and short threads stirred in with a glass

rod. China silk showed light brown, Tu.ssah heavy brown, Besangon,

Spreitenbach and Lehner .showetl dark blue with a strong nitro reaction,

while Pauly filaments gave no change.

(13) Brucine Sulplutte, in concentrated sulphuric acid gave b\it

slight browning with the natural silks, the nitro-silks a deep red color,

Pauly silk no change.
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(14) The natural filaments are more resistant when chewe<! than

the artificial.

(15) DeUrmination of MoUturc. 5 gm. of oach kind when drit'<l

at 99*', until no further loss in weight occurntl gave the followinij

results:

China 7.97% water.
Tussah 8.26% "
Art. silk rhanlonm'J H«'sjiu(,-<>n 10.37% "

Spreitenl«ch 11.17% "
\jchwT 10.71% "
Pauly 10.04% "

(16) Hygronropicity. The samples previously dried at 00° when
exposetl to the atmosphere for the time stateil increase<l in weight as

follows, 5 gm. samples being taken:

ChiiM
gm.

After 15 minutt
" IJ hours
" 17 " ..

" 24 " .

o.oa')2

O.OOIIS

0.0520
0.(M52

TuMWll
gm.

0.0145
o.o:J67

0.1.S46
0.0442

Total :Uf.r:ilM.ut 4:5 lirs 0.1122 ' 0.2500

Cbanlon-
net B.

Km.

0.0091
0.0320
0.1394
0.1015

0.2820

Chaitlon-
net S.

Km.

0.006G
0:i34

0.1490
0.0995

0.2885

Lehn^r
gm.

0.0071
0.0314
0.1572
0.1026

0.2983

Pauly
gm.

0.01-20

0.04(M)
0.1910
0.1040

0.3470

The percentages are obtained by multiplying the weights given by 2

and nioviiii: tlio decimal point one place to the right. The results

show that China silk after forty-three hours was unable to absorb

only about half as much water as the Tussah and artificial silks.

(17) Behavior on heating to 200°. After heating the dried samples

to 200° fof two hours, China silk was considerably browned, Tussah

apparently suffering no change. The nitro silks were carbonized

to hUie-black coals, but retained their thread-like form. Pauly silk

appeareil bright yellow and was not charred. The loss in weight

by this treatment is as follows.

Gram.4. Per rent.

China decreased about 0.1592 equal to 3.18
Tus.sah "' " 0.1475 " " 2.95
Chanlonnet Besan^on decrea.sed about 1.6640

" " 33.28
Spreitenbach " " 1.7065

" "34.13
Lebner decreased about 1.3-278 " " 26.56
Pauly " " 0.0808

" " 1.61

(IS) Ash. The percentages obtained are as follows:

China 0.95 % Ash.
Tuflsah.

Chardonnet Besan^on
" Sproitenl):ich

Ix'hnor.

Pauly.

.

The a-sh of Pauly i>ilk in remarkably low.

1.65 %
1.60 %
1.03 %
1.43 %
0.096%
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(19) Nitrogen tleterminations resulted in the following figures:

China 10.00% Nitrogen.

Tussah 10.71)%

Charfionnet Be«an<;:on 0.15% "
Spreitenbach 0.05% "

U'hner 0.07%
Pauly 0.13%

According to C. .Sch\vjdl)e * the methods of Siivem just enumerated

for testing urtificial silks are not altogether trustworthy. As a means

of distinguishing between Chardonnet, Pauly, and viscose silks,

Fehling's solution and a solution containing zinc chloride and iodine

are leconiniended. If 0.2 gni. of each of these silks be treated in sep-

arate test-tubes with 2 cc. of Fehling's solution, the Chardonnet silk,

owing to its reducing action, imparts a green color to the liquid, while

the liquid in the other two tubes remains blue. To distinguish ])ot\veo!i

Pauly and viscose silks, equal quantities of these are treated with a

solution containing 20 gm. of zinc chloride, 2 gm. of potassium iodide

and 0.1 gm. of iodine dissolved in lo gm. of water. The silks are

then washed with water. Both silks become at first somewhat colored,

but whereas the viscose silk keeps its color (bluish-green) for a long

time, the Pauly silk quicklj^ loses its (brown) color during the

washing.

A simple way to determine the presence of artificial silk in a fabric

without the use of reagents, it is said, is to submit a weighed cutting

of the fabric to a temperature of 200° for ton minutes. On being

subsequently rubbed, any artificial silk present is said to drop

out as dust, the percentage of which can be ascertainetl by

reweighing.2

According to Coppetti^ the usual tests for distinguishing between

natural and artificial silks frequently fail when the fabrics are weighted

and dyed, and there are verj^ few methods available, for stripping

the loading and dyestuff from the silk without de.stroying the fiber.

The author has found that hydrofluoric acid is an excellent stripping

agent, which readily removes the most refractory of the mineral load-

ings commonly employed. The fabric is steeped in hydrofluoric

acid of the ordinary commercial strength for five to ten minutes; it is

then washed and heated in a solution of soap to the boiling point. It

is washed again and placed in a 5% solution of hydrochloric acid,

with which it is boiled. Next it is bleached in a solution of sodium

1. Fftrb. Ztg., 1907, 18, 237; Wochbl. Papierfabr., 1(K)S, 38, 3913. See Schwalbe,
P.P. 41(H00, 1909.

2. This test presumably applies to the nitrocellulose silks, rather than the
cuprammonium or viscose silks.

3. Ann. Chim. analyt., 1909, 14, 47.
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hypochlorite, again acidified, then washeil and drictl. An alternative

method of bleachiii}!;, according to the nature and intensity of the

dycstuff, consists in treating the fabric with a permanganate solution,

followed by sulphurous acid. In this way the fil)ers are obtained

practically free fiom mineral weighting and coloring matters, and

the usual tests for the nature of the silk can l)e applietl. When the

fil)ers are sufficiently colorless, nitric acid is the best reagent for dis-

tinguishing between the silks of animal and those of vegetable origin;

but if the residual color is such as to mask the yellow stain produced

by nitric acid, the fibers should l^e gently warmed on a glass slide

with a 20% solution of potassium hydroxide, which dissolves the

natural silks and the artificial silks which are composed of

gelatin.

W. Minajeff ' has examined microscopically the dyed fibers of

cotton and " Glanzstoff " from which are drawn the following con-

clusions. The cuticula of the cotton fiber has no influence on the dye-

ing of that fiber, and the layer-like structure of the fiber walls is also

of no substantial im|X)rtance. The greater density of the cotton fiber

compared with that of " Glanzstoff " and also the greater difficulty

of penetration by liquids, are of greater importance. The thickness

of the fiber has also a .special effect on the dyeing of the fiber. The
canal of the fiber is of some importance; but its effect is small, since

it has been found that on dyeing cotton with mordant dyestuffs, only

small aggregates of the color-lake are found in the canal, and that these

only exist about the broken ends of the fibers. More importance

is attached to the physical properties of the fibers, i.e., rather to the

thickness, density, and capillarity of the fiber substance than to the

inner structure of the fiber.

Uses of Artificial Silk. In addition to the fields of usefulness

already mentioned, it is finding increased employment in lace manu-
facture, more especially for embroidery lace and the heavier laces

and braids used on hats. On the Lever machines it is more difficult

to work than cotton or silk filaments, owing to the chafing through

the intricate parts of the machine. The objection that the artificial

filaments are unable to stand rain or repeated wetting is partially

overcome by blending with the natural article. It is also said that

by combining a nitrocellulose and silk filament the former adds a

very desirable brilliancy, and the latter contributes strength, which

adds to its value in laces, passementerie, mousselines, ribbons, gauzes,

and trimmmg material. A new article called chifolineis, a species

1. Z. Farben-Ind., 1908, 7, 63, 81, 236.
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of goods manufactured from crin de Chardonnet, is used very largely

in the trimming of ladies' hats. The coarseness of the artificial fila-

ments prevents their being used for the production of fine soft textures,

such as velvets, du(!hes8, foulards, bengalines and a number of other

silk textures. For figuring upholsteries that are not subjected to

severe abrasive wear, it has been extensively adopted. On accr)miT

of the lack of durability of fabrics made of artificial silk alone, pure

silk or another fiber is usually woven in the textile as the warp, while

artificial silk is used for the woof. At present there is a demand '

in the United States for a sort of heavy tulle made of ovale of 50()

deniers of artificial silk coming from France. This material i.«

used on dresses as a trimming over a foundation of taffetas or

satin.

The World's Output of Artificial Silk has recently been stated a."

3,500,000 k. per annum, and is rapidly increasing. 2 Comparing this

with 1,700,000 k. in 1906, and 600,000 k. in 1896, the increase

indicated is nearly 600% in thirteen years. The nitrocellulose silks

come first with an estimated output of between 1,500,000 and

1,S0(),000 k.; the copper ammonia process in the neighborhood of

1,250,000 k.; viscose silk about 600,000 k. and acetate silk comparatively

little. The production of artificial silk •* in Germany rose during

1908 to about 1,200,000 k.; and the demand has exceeded this, 300,0(M)

k. being imported from Switzerland and Belgium. The value of the

silk consumed amounted to approximately $5,000,000. The total

production of the world appears to be about 4,000,000 k. Of this

(juantity the nitrocellulose process, worked in (leniuiny by the

Vereinigte Kunstseidefabriken of Frankfort, continues to represent the

greater part with about 2,000,000 k., and during 1909 has incresised

this to an enormous extent; while the ammoniacal copper t.xidr

process of the Vereinigte Glanzstoff-Fabriken of Elberfeld account > u>\

1,450,000 k.

The viscose process, which for the first time produce 1 on ;i lai,u(>

scale in 1907, rose rapidly in importance owing to the fineness and

brilliancy of its thread, and represents about 600,000 k. The follow-

ing table gives the results of the various companies working the nitro-

cellulose process in 1908:

1. .\ccording to U.S. Consul J. Covert of Lyons, France, U.S. Daily Consului
ami Trade Report l«>t)»», 3431, 11.

2. A. Colin (Rpv. gdn. Chim., 1909, 12, 40) ji'vos t\w 1909 pnxluction at foiii

million k. R. Scliwurr (Xeuc Froie I*ress<», N'ionnu. Jan. .">. 19(Mt) ostiniatos then'

are at present (1909) in Euro|x», 30 pnMlucinK artificial .'^ilk fjtctories, pnHlucin;; in

1907. 3,3(X),(HK) k., of which l.rjOO.tKK) were nitrocellulose silk, 1, .300,000 " Clan/
stolT," and .'itKJ.CMM) visco.se silk.

3. Chem. Trade Jour., 1910, Jan. 8.
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Nitrooelluloete (Chardonnet) Process

5()3

Compaafaw
Pn>-

durtion
in kiloa.

SoiedeChwdon
net Benncon 700.000

Sow Artifiririle'

licTuluM- jSOO.OOO
\Vr Kuii-t A (1

( 1 .'5,0*M»»

S;i I' . . "i<»,00«

GroM
Profit.

I.IS1.504fr.

2..2»t.575(r.

7i0.968M.

79(),lH«K'r

Divi-
dend,

cent.

60

80

10

Ci4>iUl.

goo.ooofr.

t.OlO.OOOfr.

3A5.0OOM.

Binkinc
Fund. !{«M««r\<

Total
KreervM.

AO.OOOfr. 3.W8iMiO(r.

SlS.774rr. I aSO.OOOTr. ! MO.OOOfr.

24d.7U3M. ' 3O.00OM. 2.«20.13OM.

27«.(l«>ii('r
;

The la-t (i.iupaiiy had a debt to li(jui(late frorn the previous year

of 204,r)9U C"i. The Societa Italiana della Sete Artificiale of Pavia,

exploiting the same process, had a loss of 30,736 lire, and the Char-

donnet Company of Paris entered into licjuidation. The Tubize

Company has announced an enlargement of business. The ammonia-

cal copper oxide process, judging from the profits of the companies

working it, would seem to yield more uniform results, as the following

table shows:

Compuiy.
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1896-98, a net gain of but 30% in a decade. This included the three

great producing centers—Europe, the Levant, and the Far East.

The increase in Europe during this period is but 20% as compared

with 50% in the Far lOast, and 100% for Asia Minor. This last

increase is said to be primarily due to the efforts of the Silk Institute

at Broussa, and the consequent introduction of scientific methods,

especially in investigations of the entomology of the insects attacking

the silk-worm larva. In France the production of cocoons has not

increased for some years past, notwithstanding the fact that the

French Government expends annually approximately $750,000 in

state bounties to encourage their propagation.

In 1906, 227 spinning mills turned out 1,732,018 llx of silk in

France, and 1908 the amount had not increased.

The fact that artificial filaments, on account of their decreased

tenderness and frangibility in the wet state, have not come into gen-

eral competition with the filament from the silk worm, undoubtedly

accounts for the fact that the phenomenal rise and expansion of the

artificial silk industry has had no appreciable effect on the world's

markets for natural silk. And as the ramifications of these artificial

filaments are expanding, and new uses are continually being found,

it very clearly appears that the consumption of artificial filaments

must be very much larger than at the present day in order to influence

to a detrimental extent the world's production of natural silk.^

1. The following information is taken from an article by J. Matthews in Tex-
tile Colorist, 27, 322:

Society bisontine de Sole Chardonnet, founded in the year 1890 with a capital
of $400,000, its actual daily production being 1,500 k. (3,300 lb.).

Society de Tubize, system Chardonnet, founded ii\ the year JSOO with a capital
of $200,000; its actual daily production amounting to 1,600 k. (3..520 lb.).

Sole arlificielle dc Givet, loundcd in the year 1903 with a capital of $300,000;
its daily production being 200 k. (660 lb.).

Vereinigte Kunstseide-fabriken at Frankfort-on-the-Main, Germany, founded
in 1900 with a capital of 2,500,000 marks; its daily production is now over 2,000
k. (4,400 lb.).

Vereinigte Glamtoff-fcihriken, at Elberfeld, Germany, establishe<i in 1899 with
a capital of 2,000,000 marks; the daily production of silk by this company in its

several factories now amounts to over 1,200 k. (2,640 lb.).

Societi frangaise de la Viscose was established in 1904 with a capital of $440,(XX);
its factory has a projected daily production of 500 k. (1,100 lbs.).

SociHc hon^oisc de la Viscose, with a capital of $H48,0(X), unil :i similar pro-
jected pro(hjction of silk.

Soci<!t(' italiennc de la Viscose, with a capital of $600,000. and a similar pro-
jected production.

SociH^- rtisse de la Viscose, with a capital of $800,000 and a similar projected
f)roduction. These last four companies operate uniler the same patents and manu-
acture the silk from \ iscosc. There is also a company operating umlor patc-nts

in England.
There is al.so a company established for the manufacture t>f artificial silk at

Obourg, Belgium; it has a capitalization of $2(K).(KH), and a projected daily pro-
duction of 500 k. (1,100 lbs.). Another company at Nivonne, France, with a
capital of $200,000, also proposes to manufacture 500 k. of silk per day. There
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iH another French company of J. D. Raroel, with a canital of $.*>(N),(MN), hut whieb
tUtea not yet produce any ^ilk. A Ruwian branch of^ the Tuhise factory is skm
estahlUhetl with a capital of $1,()0(),0UU.

In addition to the altove there are four other French comttanieM, tm followA:

The Soie de Braulieu with a capital of $^I(N).()UU; the Soie VaiUMe at LYi»i!<.

with a capital of $:iU(),U(X): the Suie artifirielle tTltieujc, with a capital of $4U(i,-

(KH); and the Textilt-.s I. with a capital of $ltK),UUO. None of theae
companies is a8 yet an act -k-t of silk.

In mhlition to the cuia, ......< - uientioniil in the forpgoing Hummary there are
several others locate<l in Uenimny, Switserland, and England, from which tttatistiee

are not availalde.

The (''.>r;p.iifnie de la Soie de Benidieu wa« organized in Pari:* hi July. 1!KM.
It is cupitalu«'d at 2,0(X),000 francs. Its process of manufacture is verj' similar
to that employwl by the Chanlonnet company.

The SocitU la Soie artifirielle is another French company, capitalized at 1,500,-

(MK) francs. It was organizetl in 11K)2, and acquireil the patents held by the Cum-
jHignie franfaise de la Soie jnirixientie. The pnicess by which it ojK'rates depend.>«

on the formation of filaments from solutions of cellulose in ammoniacal copjxT
oxide. The factory of the company is locateil at (livet; hence the pro«luct i,s

known as "Givet silk." \ branch of this company is the .Soie artificieUe dlzieux
at Lvons: it has a factory at Izieux near St. C'harmond.

The Textiles Lyonnaise company deals in other things besides artificial silk,

but takes the entire output of the SocitU' A. Lumikre ei FiUt.

The Soeiiii de la Soie artifirielle Valette at Lyons was organized in 19(M with
a capital of 1,5(X).000 francs.

The first Gennan company for the manufacture of artificial silk was the T'erein-

igte Glamstoff-fabriken, establi.sheil in Septeml)er, IS'.K), at Aix-Ia-<'hapelle. It

was formed for the commercial exploitation of "Glanzstoff." This is the same
company which transferred its French patents to the S<>ie parimenne company;
this latter company was al>sorl)ed by the Soie artificieUe de Givet company, which
in turn transferred to the Lyonnaise factory of Givet a license to manufacture the
product under the name of "Soie artificieUe d'Izieux." This first German company
started with a capital of 2,000,000 marks, one-half of which 8er\'ed to pay for the
patent rights. The company now operates two factories, one at Ol>erbruck ui

Westphalia and the other at Nie<lerworsmiller, near Mulhouse.
The second German company to l)e fomieil was the Vereinigte Kunslseide-fabriken,

cstabli.shed at Frankfort in I'ebruary, 15K)0. It commenced with a capital of
2,500,000 marks, and its work is under the direction of Becker and Lehner. The
company now operates four factories: One at Spreitenbach, which hat! previously
been operated by Lehner, whose process of manufacture is a modification of the
Chardonnet method; a second at Glattbrugg; a third at Bobingen; and a fourth at
Kestlerbach.

The Vereinigte Glamstoff-fabriken at Ol)erbruch, Germany, has been ofierat-

ing its factory during the past year both night and day without interruption;

over 1,700 workmen are employe<l at this factory.

The intro<bietion of the manufacture of artificial silk into Italy has apparently
caused considerable concern among several of the Italian .silk manufacturers; so
much so. in fact, that the government has been petitioned to prevent the sale of

the artificial fiber under the name of silk, as it is feared the natural silk industry
will suffer thereby.

The establishment of a factory for the manufacture of artificial silk was under
consideration at Wilanow, near Tamaschow, in Russian Poland. Ch»-ing to the
recent political troubles there, however, it has been decided to locate the factory
in the province of Posen, or Gennan Poland.
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