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PREFACE

TO
THE THIRD EDITION

— N v—

THE relatively rapid sale of the Second Edition is an indication
of the growing interest in the Teclinology of Paper-making,
and of approval of the general plan of this work.

Our treatment of the subject is designed to keep general
principles to the forefront, and on this view the processes of
the mill are treated as illustrations. We consider that a text-
book cannot substitute the working experiences of the mill,
and the more practical details of construction and manipula-
tion can only be mastered as a matter of personal experience.
To import these would only have the effect of overloading
the matter and obscuring the scientific perspective.

Retaining the general plan and arrangement, the matter
has been subjected to thorough revision ; many sections have
been re-written with substantial additions.

We are especially indebted to Messrs. Longmans, Green and
Co., Paternoster Row, London, for the privilege of reproducing
portions of the text of the work on ‘Cellulose’ (CrOSs AND
BEVAN, 1895), of which they are Publishers, and have again
to accord our acknowledgment to the various engineering
firms for Contributions appearing in the text, with which they
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have favoured us. Messrs. BERTRAMS, Ltd., have, also, been
kind enough to provide us with several drawings specially
prepared.

The work of general revision has been in the hands of
Mr. J. F. Bricas who has also contributed the matter of
Chapter XII. '

Mr. CLayToN BEADLE has co-operated in various ways,
and has specially contributed matter to the sections dealing
with Beating—Paper Testing—Water-Supply—and Statistics.
In the last named he was able to avail himself of the assistance
of Mr. A. DYkEs SPICER, whose valuable special work on the
subject has recently issued from the press.

4 NEw Court, LONDON :
1907.
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EXTRACT FROM
THE PREFACE TO THE FIRST EDITION

— NS

OUR object in writing this book has been to bring before
students and others the principles upon which scientific
paper-making should be conducted, a concise exposition of
which has not, we believe, been hitherto attempted.

Considerable prominence has been given to this aspect of
the subject, possibly at the expense of what some may con-
sider more essential details.

A belief in the importance of a thorough scientific training
for paper-makers has dictated the style and purpose of the
book.

We have not thought it necessary to enter into minute
details respecting the construction of machinery, etc.; for
these the reader is referred to such works as Hofmann’s
Treatise on the Manufacture of Paper.

Much of the scientific portion is here published for the
first time. Part of it has already appeared in the form of
papers read before various societies.

The chapter relating to the Treatment of Wood formed
the subject of an essay, which obtained the prize offered by
the Scottish Paper-makers’ Association, in connection with the
Edinburgh Forestry Exhibition, 1884.

4 NEw CourT, LONDON :
1888.
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EXTRACT FROM
THE PREFACE TO THE SECOND EDITION

OIS

IN preparing this present Edition we have adhered strictly
to the original plan and scope of the work, which is that of
a text-book of principles, and not either an exhaustive
treatise or a minutely descriptive manual of the manufac-
turing art. We have endeavoured at the same time to bring
the matter of the book to the level of later developments,
some of which are of such importance as to necessitate the
re-writing of certain sections, notably those dealing with
the Chemistry of Cellulose and the operations of Sizing,
Loading and Colouring. Our aim is to present the subject
to the reader according to its scientific perspective ; to furnish
a guide for the student or apprentice in acquiring his
practical experience to the best advantage, and for those who
have a working experience of Paper-making, in reviewing
either for pleasure or profit, the multitude of facts to be
observed in the daily routine of the mill.

4 NEw Court, LONDON :
1900.
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PAPER-MAKING.

INTRODUCTORY.

PapER-MAKING i8 essentially a mechanical art, consisting as
it does fin the production of a continuous web or fabric by
aggregating together structural units of relatively minute
dimensions.

These, the essential components of paper, are the vegetable
fibres, first isolated from the fibrous raw materials by opera-
tions of both mechanical and chemical nature, and then further
resolved or broken up by mechanical treatment.

But, though the actual paper-making processes are of the
mechanical and physical order, they involve auxiliary chemical
processes of fundamental importance. Moreover, there is a
special chemistry of the fibrous components and of the auxiliary
agents used in the making and finishing of papers, to know
which is a necessary equipment of the paper-maker.

In presenting this brief outline of first principles, we
cannot overrate the importance of a thorough grasp of the
composition and constitution of the plant fibres, as the neces-
sary foundation for the intelligent conduct of paper-making,
and to this subject we will at once proceed.

Careful study of a mature flowering plant will show that
it is made up of structural elements of two kinds, viz. fibres
and cells, which to use a rough parallel, we may liken in func-
tion to the bricks and mortar of a house. It is the former
which admit of the many extended uses with which we are

B



2 PAPER-MAKING.,

familiar in the arts of spinning and weaving, and which con-
stitute the fabrics which are the most indispensable to our
civilised life. For the most part, as we know, fibres and cells
are aggregated together into compound tissues, and a process
of separation is therefore a necessary preliminary to the utilisa-
tion of the former. The cotton fibre is the only important
exception to this general condition of distribution. Here we
have the seed envelope or perisperm converted into a mass of
fibres, and these, by a spontaneous process accompanying the
ripening, so isolated as to be immediately available. Next in
order, in point of simplicity of isolation, are those fibrous
masses, or tissues, which, although components of complex
structures, exhibit a greater cohesion of their constituent fibres
than adhesion to the contiguous cellular tissues with which
they go to build up the plant. Into such a tissue the ¢ bast,’
or inner bark layer of shrubs and trees, more especially those
of tropical and sub-tropical regions, frequently develops ; and
it is, in fact, this bast tissue, graduating in respect of cohesion
of its constituent fibres, from a close network such as we have
spoken of, to a collection of individual fibres or fibre-bundles
disposed in parallel series, which supplies the greater part of
the more valuable of the textile and paper-making fibres ; we
may instance flax, kemp and jute, each of which is the basis of
an enormous industry. According to the degree of adhesion
of the bast to the contiguous tissues, or, in another aspect,
according to its lesser aggregate development, so is the diffi-
culty of isolation and the necessity of using processes auxiliary
to the mechanical separation of the tissue.

It is worthy of note here that the Japanese paper with
which we are in these times so familiar, is prepared by the
most primitive means from the bast of a mulberry (Brous-
sonetia papyrifera) ; the isolated tissue, consisting of a close
network of fibres, is simply cut and hammered to produce a
surface of the requisite evenness, and the production of a
web of paper is complete. In isolating the bast fibres em-
ployed in the textile industries, a preliminary partial disinte-
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gration of the plant stem is brought about by the process of
steeping or rettmg, by which the separation of fibre from fleshy
or cellular tissue is much facilitated.

Last in order of simplicity of distribution, we have the fibres
known to the botanist as the fibro-vascular bundles of leaves
and monocotyledonous stems, these bundles being irregularly
distributed through the main cellular mass, and, consequently,
by reason of adhesion thereto, much more difficult of isolation.
For this and other reasons, more or less in correlation with
natural function, we shall find this class of raw material lowest
in value to the paper-maker.

It is necessary at this stage to point out that the work of
the paper-maker and that of the textile manufacturer are com-
plementary one to the other, and the supply of fibrous raw
material is correspondingly divided: it may be said, indeed,
that the paper industry subsists largely upon the rejecta of the
textile manufactures. The working up of discontinuous fibre
elements into thread, which is the purpose of the complicated
operations of the spinner, is conditioned by the length and
strength of these ultimate fibres. Paper-making, on the other
hand, requires that the raw material shall be previously reduced
to the condition of minute sub-division of the constituent fibres,
and therefore can avail itself of fibrous raw material altogether
valueless to the spinner, and of textile materials which from any
cause have become of no value as such. To the raw materials
of the paper-maker, which we have briefly outlined above, we
must therefore add, as a supplementary class, textiles of all
kinds, such as rags, rope, and thread.

During the latter part of this century, and in response to
the enormously increased demands upon the sources of supply,
there has come the exploitation of the fibrous woods for paper-
making purposes.

Having thus acquired a general idea of the sources of
our raw maberlals, we must study more closely the substances
themselves ; and, first of all, we must investigate them as
we should any other chemical substance, i.e. we must get to

B 2



4 PAPER-MAKING.

understand the nature and properties of the matter of which
the vegetable fibres are composed. While these exhibit certain
variations, which are considerable, the substances present a
sufficient chemical uniformity to warrant their being designated
under a class name : this name is Cellulose. The prototype of
the celluloses is the cotton fibre.



CHAPTER 1.
CELLULOSE.

CELLULOSE is the predominating constituent of plant tissues
and may be shortly described as the structural basis of the
vegetable world. Constituting, as it does, the material frame-
work or skeleton of the plant, or plant cell, this more permanent
function implies a corresponding resistance to the destructive
agencies of the natural world : in other words, considered as a
chemical individual, cellulose is extremely inert, or non-reactive.
It is resistant to the hydrolysing action of alkalis and acids,
to oxidants ; and, as a ‘saturated’ carbon compound, has no
tendency to combine directly with the halogen elements, e.g.
chlorine and bromine. These main features of its negative
chemical characteristics are mentioned thus early in explanation
of the methods employed for its isolation in the laboratory.
Cellulose never occurs in the plant in the free state, but always
in admixture or combination with other groups: members of
the fatty series (‘fat and wax’ constituents) ; the aromatic
series (colouring matters, tannins) ; the pectic group of more
or less oxidised, and therefore acid, derivatives of the carbo-
hydrates. These latter yield to the attack of ome or other of
the reagents towards which cellulose is inert ; and hence the
following general method of removing these ¢ impurities’in the
form of soluble derivatives, and of isolating the cellulose as
the resistant residue: (a) the fibrous raw material is boiled
with a dilute solution of sodium hydrate (1-2 p.ct. NaOH),
and, after thorough washing, is (4) exposed in the moist state
to an atmosphere of chlorine gas ; (¢) it is again treated with
boiling alkaline solution. By such treatment of the majority
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of vegetable tissues, the ‘non-cellulose’ constituents are re-
moved, and a residue of cellulose obtained. A slight treat-
ment with a bleaching agent, to remove residues of coloured
impurities, and a final washing with alcohol and ether, com-
plete the purification, and the cellnlose is obtained as a mass
of ¢ ultimate fibres’ of pure white colour, more or less trans-
lucent.

Though purified by the removal of ¢ non-cellulose ’ groups,
such as above indicated, the residue of cellulose is not neces-
sarily ¢ pure’ in the sense understood by the chemist, that is,
it cannot be taken to represent a single homogeneous substance.

On the contrary, we shall show that the paper-makers’
¢ celluloses '—obtained by a large variety of drastic treatments
of fibrous raw materials—are mixtures of celluloses of different
constitution.

Cotton cellulose, however, when fully purified, may be re-
garded as a chemically pure substance, and in setting forth the
outline of the chemistry of cellulose, we shall at first confine
ourselves to this typical representative of the group.

Empirical Composition.—Cellulose is a compound of
carbon, hydrogen, and oxygen, united in the percentage propor-
tions :—

C . . . . . . . . 44-2
H . . . . . . . . 68
o . . . . . . . . 495

corresponding with the statistical formula CgH,,0;4, by which
also it is defined as a ‘carbohydrate.” The above numbers
represent the composition of the ash-free ’ cellulose. All vege-
table tissues contain inorganic or mineral constituents, of whicha
certain proportion is retained by the cellulose, isolated as de-
scribed, or by any of the processes practised on the large scale
in the arts. The celluloses burn with a quiet luminous flame,
leaving these inorganic constituents as an ash. In bleached
cotton the average proportion of ash is 0°1-0-4 p.ct.

In the preparation of filter paper for chemical use it is im-
portant to reduce this impurity to a minimum, which is effected
by treatment with hydrofluoric and other acids. ¢Swedish’
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filter paper contains 0°03-0°05 p.ct. ash constituents, repre-
senting about yoi5y mgr. per sq. cm. of area ; and is the purest
form of cellulose with which we can deal.

Cellulose and Water. Cellulose Hydrates.—All
vegetable structures in the air-dry condition retain a certain
proportion of water—or hygroscopic moisture, as it is termed—
which is readily driven off on heating, but regained on exposure
to the atmosphere under ordinary conditions. The mean per-
centage of this ‘ water of condition’ varies from 6-12 in the
several celluloses : in any given cellulose variations of 1-2 p.ct.
from the mean number follow the variations in the hygrometric
condition of the atmosphere. The factor of ¢ normal moisture’
is of obvious importance in commercial dealings in celluloses.
Thus, for the ‘ wood pulps’ (celluloses), the ¢ standard moisture ’
commonly adopted is ¢ 10 p.ct.—that is, 100 parts of the air-dry
pulp yield on drying, at 100° 90 parts dry cellulose. Con-
versely, in calculating from the basis of dry cellulose = a, to
‘air-dry with 10 p.ct. moisture’ = &, it is clear that b = 130 a.
The proportion of water held by the celluloses in an atmosphere
saturated with aqueous vapour is necessarily very much greater
than in the ordinary atmosphere, partially saturated at the same
temperature. The celluloses or compound celluloses (supra)
as they occur in the plant are characterised by a wide range of
hydration phenomena. Plant tissues in the early stages of
growth take the form of gelatinous hydrates, the proportion
of water combining with the organic colloid in these hydrates
being very large, e.g. 80 p.ct. of the weight of the hydrate.
The re-hydration of the mature celluloses to these forms is
determined by certain reagents as a stage in their conversion
into the fully soluble form. Such processes of solution of
cellulose we proceed to consider.

Technical Applications.—By the wet-milling processes em-
ployed by the papermaker under the action of the Kollergang
and the beating engine roll, the proportion of water entering
into the cellulose fibres as the effect of hydration, can be in-
creased almost to an unlimited extent. This effect is obtained
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purely by mechanical means, consisting of pressing, crushing,
and rubbing the fibres in presence of water. By carrying this
mechanical action to its limits, two industrial products are ob-
tained (&) ¢ grease-proof ’ imitation parchment paper in which
the original fibrous structure of the cellulose is still maintained
in a considerable degree, and (5) ‘cellulith’ in which the me-
chanical hydration is carried to its fullest extent, being accom-~
panied by the total breakdown of the fibrous structure, and the
production of an amorphous cellulose jelly, which hardens on
drying to a product of the consistence of bone, etc.

Solutions of Cellulose.—Cellulose is insoluble in water
as in all simple solvents. In presence of certain metallic com-
pounds, however, it combines with water, passing, as above
described, through the conditions of gelatinous hydrates, and
finally disappearing to form a homogeneous viscous solution.

This effect may be ascribed to the reciprocal interaction of
acid and basic groups of the cellulose and the metallic com-
pound—that is, to the formation of a species of colloidal double
salt.

Of such solvents of cellulose the simplest is (1) ZiNc
CHLORIDE in concentrated aqueous solution (40 p.ct. ZnCL).
The solution process requires the aid of heat (60-100°), and
may be carried out as follows: 4—6 parts ZnCl, are dissolved
in 6-10 parts water, and 1 part cellulose (bleached cotton) stirred
in till evenly moistened. The mixture is digested at first at
60-80°, when the cellulose is gelatinised ; the solution is com-
pleted by exposure to water-bath heat, stirring from time to
time, and replacing .the water which evaporates. In this way a
homogeneous syrup is obtained. The solution is entirely
decomposed by dilution, the cellulose being precipitated as a
hydrate in combination with zinc oxide. On washing with
hydrochloric acid a pure cellulose hydrate is obtained, the
quantity recovered being approximately equal to the original
cellulose taken. When precipitated by alcohol, a compound of
cellulose and zinc oxide is obtained with 18-25 p.ct. ZnO, i.e.
in the approximate molecular ratio 2 C¢H,,0;ZnO.

Technical Applications.—(a) The precipitation of the syrupy
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solution by alcohol is of such a character as to permit of a con-
tinuous production of thread or film, the solution being
“squirted’ under pressure from a fine glass orifice into the
alcohol. The thread, when purified, is carbonised in close
vessels, to form the very resistant carbon constituting the fila-
ment for incandescent electric lamps. (b) Vulcanised fibre is
produced by treating a suitable paper (1 part) with a zinc
chloride cf 65-75°B (4 parts). When the constituent fibres
are superficially gelatinised, the sheets are welded together
under pressure into very compact masses. These are then
purified, and subjected to further .treatment to render them
waterproof.*

(2) Zinc CHLORIDE AND HybpRroCHLORIC AcID.—If the
ZnCl, is dissolved in twice its weight of aqueous hydrochloric
acid (40 p.ct. HCl), a solution is obtained which dissolves
«cellulose rapidly in the cold. If quickly diluted the cellulose
is recovered with but little change, but on standing it is re-
solved into products of lower molecular weight (dextrins,
etc.) entirely soluble in water. The solution is a useful aid to
investigations in the laboratory, and is also applied in the
production of ¢ vulcanised fibre.’

(8) AmmoniacaL Cupric OXIDE. — The solutions of the
cuprammonium compounds generally, in presence of excess of
ammonia, attack the celluleses rapidly in- the cold,.forming a
geries of gelatinous hydrates, passing ultimately into fully
soluble forms. The solutions of the pure cuprammonium
hydroxide are more active in producing these effects than the
solutions resulting from the decomposition of a copper salt with
-excess of ammonia. Two methods are in common use for the
preparation of these solutions, which should contain—

10-15 p.ct. ammonia (NH,).
2:0-2-5 p.ct. copper (as CuO).

(1) Hydrated cupric oxide is prepared by precipitating a
solution of cupric sulphate at 2 p.ct. strength with a slight
excess of sodium hydrate, also in very dilute solution. The

"‘ZOGerma.n Patent 3181 (1878): C. Hofmann, Prakt. Handb. Papierf.,
p. 170.
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precipitate is washed till entirely free from alkali. The original
solution in which the precipitation takes place, and the water
used in washing, should contain a small portion of glycerin,
0°05 to 0°10 p.ct. The washed precipitate is fully drained,
and then mixed with a quantity of a 10 p.ct. solution of
glycerin—in contact with which it may be preserved unchanged
in stoppered bottles. Prior to dissolving in 15-20 p.ct. NH,
for use, the oxide may be washed free from glycerin, should the
presence of the latter be objectionable.*

(2) Metallic copper in the form of sheet or turnings, or
better still, as the fine powder used in decorative work (¢ Natur-
kupfer’), is placed in a cylinder and covered with strong
ammonia ; air is caused to bubble through the column of
liquid at a rate calculated to forty times the volume of the
liquid used per hour. In about six hours a liquid of the requi-
site composition is obtained.

Solutions of cellulose of 5-10 p.ct. (cellulose) strength, are
readily prepared by digestion in the cold with 10-20 times its
weight of the solution. The solutions are rather ‘ropy’ and
gelatinous than viscous. The cellulose is readily precipitated
from the solutions : (&) by neutral dehydrating agents, such as
alcohol, sodium chloride, and other salts of the alkalis ; (b) by
acids. In the latter case the cellulose is precipitated in the
‘pure’ state, i.e. free from cupric oxide. It retains a large
proportion of water of hydration. On drying by heat, the
gelatinous hydrate changes by molecular aggregation into com-
pact horny masses.

Technical Applications.—This property of gelatinising and
dissolving cellulose has been taken advantage of in important
industrial applications of the cuprammonium compounds.
Vegetable textile fabrics and paper, passed through a bath of
the cuprammonium hydroxide, are ‘surfaced’ by the film of
gelatinised cellulose, which retains the copper oxide (hydrate)
in such a way that it dries to a bright malachite green colour,
the ammonia of course escaping. By this treatment the fibres
are further compacted together, and the fabric acquires a

* Fassbender : Berl. Ber. 18, 1822,
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water-resistant character ; the presence of the copper oxide is
also preservative against the attacks of mildew, insects, etc. If
the fabrics are rolled or pressed together when in the gelatinised
condition, they become welded together on drying, and a
variety of compound textures are produced in this way. The
fabrics are sold in this country under the style of ¢ Willesden ’
goods. Recently, also, the solution has been applied to the
production of an artificial thread of high lustre, a so-called
¢ artificial silk,’ or lustra cellulose. The preparation of structure-
less solutions for this application is much facilitated by previous
treatment of the cellulose by the ¢ mercerising’ process (p. 18).
The solution is projected through fine orifices (0°10-0°15 mm.)
into a bath of sulphuric acid or caustic soda ; the precipitated
cellulose hydrate, in the form of thread, is wound off in con-
tinuous length ; a number of these unit threads are brought
together and suitably twisted (150-300 per metre) to form
textile thread.

Cellulose and Hydrolytic Agents.—We have called
attention to a common feature of the action of the various
aqueous solvents of cellulose, that is, a simultaneous attack
upon OH groups of the cellulose of opposite function. This
amphoteric function or character of cellulose is more clearly
brought to demonstration by the reactions about to be described.
We may assume that cellulose yields to the action of zinc
chloride by reciprocal interaction of its OH groups with those
of the salt in solution, and that the dissolution of the cellulose
is therefore due to a species of double salt formation.

An incipient activity of this kind is manifested by cellulose
in contact with highly dilute solutions of alkalis and acids,
the active reagent being dbsorbed by the cellulose in per-
ceptible degree. The amount, though small, is definite, and
sufficient to allow of the establishment of a definite ratio of
absorption from equivalent solutions of alkulis and acids.
Thus, with typical members of the two groups, the molecular
ratio of absorption is 10 NaOH : 3 HCL* The phenomenon
has been more recently studied from the independent stand-

* Mills.



12 PAPER-MAKING.

point of thermal equilibrium. It has been shown that when
pure cotton is plunged into dilute solutions of the acids and
alkalis, liberation of heat takes place. The rise of tempera-
ture was found to be slow, and, under the conditions chosen
for the experiments, ceases after the lapse of seven to eight
minutes.

The following are typical results in calories per 100 grms.
of cotton :—

— KOH. NaOH. HCL H,S0,.

Raw cotton . . 1-30 1-08 0°65 0°60
Bleached . . . 2-27 2-20 0-65 0-58
L. Vignon.

It would appear from these results that cellulose has the
properties of a feeble acid, and of a yet feebler base. From
the comparative insignificance of the ‘affinities’ involved, it
might be inferred that they may be neglected in practical
and industrial operations. So fur from this being the case,
it must be remembered that the combination of cellulose
with colouring matters, i.e. the dyeing properties of the fibre
substance, are largely dependent upon a play of affinities of
this particular order. So also the auxiliary processes of
mordanting, in which the fibre absorbs both acidic and basic
oxides from dilute saline solutions ; these oxides, in combina-
tion with the fibre substance, enable it in turn to take up
particular eolowring matters from their solutions. Formerly
it was much discussed as to whether dyeing phenomena were
of the ¢physical’ or ‘chemical’ order.* The modern view
does not concern itself so much with definitions as to insist
that the phenomena are molecular. This chemical aspect is
prominent in the reciprocal play of acid and basic functions
of the constituent groups of both fibre-substance and colour-
ing matter (and mordant) ; the ¢ physical ’ side is brought into

* Cellulose Researches, Cross and Bevan, 1906.
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evidence by certain properties of the fibres which are bound
up with their minute structure, and which evidently play
an important part in the absorption of reagents from solu-
tion, viz. the phenomena of capillary transmission of liquids.
Schonbein appears to have been the first to observe that strips
of unsized paper, of which one end is placed in an aqueous
solution, e.g. of a metallic salt, will absorb and transmit the
water more rapidly than the dissolved salt, which is therefore
¢filtered out’; further, that to the various salts cellulose
manifests varying degrees of resistance to transmission in solu-
tion, These phenomena have been further studied by Lloyd,*
for metallic salts, more recently by E. Fischer and Schmidmer,t
and by F. Goppelsroeder for various colouring matters ;} the
results of their dbservations constituting the beginnings of a
method of capillary analysis or separation. Without further
discussing the phenomena from a theoretical standpoint, we
may point out that they are of direct practical moment to the
paper-maker : gince, first, they have to be reckoned with in
every one of his manufacturing operations ; secondly, in one
of the most important applications of paper, viz. for writing
purposes, the penetration of the paper by the ink, its indelible
fixation, and the kind of press copy obtainable, are points.
largely affected or determined by such inter-actions as we have
been considering.

It will be remembered that we have followed up the
various matters dealt with in this section from the initial
observation of the behaviour of cellulose to typical hydrolytic:
agents in cold dilute solution. These are absorbed, as we
have seen, to form what we may term contact compounds, and
they are an index of the hydrolytic changes which are deter-
mined by these compounds acting in more concentrated forms.
and at higher temperatures. Hydrolysis is essentially a pro-
cess of resolution or decomposition : it is the loosening or
undoing of a bond of union through combination with the
elements of water. The agent which determines the change:

* Chem. News, 51, 81. + Liebig, Ann., 272, 156.
$ Berl. Ber., 20, 604.
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is the hydrolytic agent : and of such agents the most im-
portant are the (@) acids and () alkalis on the one hand,
and (¢) on the other, a class of carbon compounds known as
soluble or unorganised ferments, or by the more modern term
Enzymes. Cellulose yields to hydrolysis of both types.

(@) Acips.—The mineral acids of concentration equal to
semi-normal at the boiling temperature, rapidly disintegrate
the fibrous celluloses, as a consequence of molecular changes
in the fibre-substance. The modified cellulose is brittle and
pulverulent. Its composition is changed to that of a hydrate
of the formula 2.C4H,,04 . H,0, and it is therefore termed
hydro- or hydra-cellulose, the chemical properties of which
are described in a later section. The time required for com-
pleting this change varies with the temperature and concen-
tration of the acid. The acid treatments of cellulose textiles
which are necessary incidents of bleaching and dyeing opera-
tions are carried out well within the limits of safety—for the
most patt in the cold (<20°C.) and with acids of less than
2 p.ct. strength (HCl, H,80,). In dyeing operations requir-
ing an acid bath and the boiling temperature, *free’ mineral
acids are as much as possible avoided, acetic acid being sub-
stituted —an acid of low hydrolysing activity. and without
sensible action on cotton. Paper is usually finished from the
machine with a slightly acid reaction, but the utmost care is
required to insure the absence of free ’ acid.

(®) Arkarnis.—To alkaline solutions of equivalent strength,
e.g.solutions of caustic soda of 1-2 p.ct. Na,O, cotton cellu-
lose is extremely resistant, even at temperatures exceeding
100°. The principal operations in the process of bleaching
cotton and linen textiles are drastic alkaline treatments of this
kind, whereby the non-cellulose constituents of the fibres are
hydrolysed to products soluble in the alkaline lye. The
oxidation processes which follow, e.g. treatment with the hypo-
chlorites, permanganates, etc., in dilute solutions, although
they may be regarded as the bleaching processes proper, really
accomplish very little beyond removing residnes or by-pr