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INTERNATIONAL COMMITTEE ON ATOMIC WEIGHTS.*
On account of the difficulties of correspondence between its
INTERNATIONAL ATOoMIC WEIGHTS, 1917.

Atomic Atomic
Symbol  weight Symbol  weight
Aluminum........ Al 27.1 Molybdenum ..... Mé 96.0
Antimony .... ... Sb 120.2 Neodymium ...... Nd 144.3
Argon............ A 39.88 Neon........oc.e Ne 20.2.
Arsenic. «...cv.... As 74.96 Nickel ... ....oee Ni 58.68
Barium <......... Ba 137.37 Niton (radium ’
Bismuth ........ .Bi 208.0 emanation) - .... Nt 2224
Boron ...... ..... B 1.0 Nitrogen ......... N 14.01
Bromine.......... Br 79.92 Osmium -......... Os 190.9
Cadmium......... cd 112.40 Oxygen .......... o 16.00
Caesium ......... Cs 132.81 Palladium .. ...... Pd 106.7
Calcium ......... -Ca 40.07 Phosphorus. .. .... P 31.04
Carbon ........... C 12.005 Platinum ......... Pt 195.2
Cerium...coen.ne Ce 140.25 Potassium ........ K 39.10
Chlorine ... .....Cl 35.46 Praseodymium....Pr 140.9
Chromium ....... Cr 52.0 Radium .......... Ra 226.0
Cobalt............ Co 58.97 Rhodium ........ Rh 102.9
Columbium ...... Cb 93.1 Rubidium ........Rb 85.45
Copper - .cc. cenes Cu 63.57 Rutheniuvm ..... Ru 101.7
Dysprosium ...... Dy 162.5 Samarium ... .... Sa 150.4
Erbium .cc.vonn.. Er 167.7 Scandium ........ Sc 44.1
Europium ........ Eu 152.0 Selenium ........ Se 79.2
Fluorine ......... F 19.0 Silicon «.... ..... Si 28.3
Gadolinium ...... Gd 157-3 Silver «...vovens Ag 107.88 -
Gallium «......... Ga 69.9 Sodium .......... Na 23.00
Germanium ...... Ge 72.5 Strontium ........ Sr 87.63
Glucinum -....... Gl 9.1 Sulfur........... ) 32.06 .
Gold coveveeeannnan Au 197.2 Tantalum ........ Ta 181.5
Helium - ... .....He 4.00 Tellurium ........ Te 127.5
Holmium......... Ho 163.5 Terbivm.......... Tb 159.2
Hydrogen ....... H 1.008  Thallium......... Tl 204.0
Indium........... In 114.8 Thorium «.......e Th 232.4
Todine............ 1 126.92 Thulium ......... Tm 168.5
Iridium ...... I 193.1 Tin ceevvevnnnnne. Sn 118.7
Irom cec coveenenee Fe 55.84 Titanium .-« «cc ... Ti 48.1
Krypton.......... Kr 82.92 Tungsten ........ w 184.0
Lanthanum....... La 139.0 Uranium ......... U 238.2
Lead .o veviennnn Pb 207.20 Vanadium ........ \'4 51.0
Lithivm ... ...... Li 6.94 Xenon -...... ...Xe 130.2
Lutecium......... Lu 175.0 Ytterbium
Magnesium ...... Mg 24.32 (Neoytlerbmm) Yb 173.5
Manganese ..-.... Mn 54.93 Yitrium ... connee 88.7
Mercury.......... Hg 200.6 ZANC - evnrvnnnnns Zn 65.37
Zirconium ... .... Zr go.6

* Journal of the American Chemical Sociely, Dec. 1917.



TANNIN CONTENT OF PACIFIC COAST TREES 3

members, due to the war, the International Committee on Atomic
Weights has decided to make no full report for 1918. Although
a good number of new determinations have been published during
the past year, none of them seems to demand any immediate
change in the table for 1917. That table, therefore, may stand
as official during the year 1918.
F. W. CLARKE,
Chairman.

TANNIN CONTENT OF PACIFIC COAST TREES.*
By H. K. Benson and Frank M. Jones.

In a previous article it was shown! that the tannin content of
Douglas fir slabwood when properly selected contained sufficient
tannin to be considered a suitable raw material for the extract
industry. In order to ascertain what other species common to
the Pacific Northwest might be available for extract manufacture
this study was undertaken.

The samples in each case were taken from four or five trees
of the same species, were first chipped in a Mitts & Merrill
“hog,” carefully quartered and the final sample finely ground in
a Koerner drug mill. The extractor was of the same type as used
in the previous study, extraction carried on for 16 hours and
analyzed according to the method of the American Leather Chem-
ists’ Association (1914). All calculations are made on a moisture-
free basis.

The sample of sawmill slab reported in the previous study
(1. ¢.) was still available, having been kept in a loosely stoppered
jar. It was thought of interest to ascertain its tannin content
after a year’s storage. The average of seven analyses is given
in Table I for comparison with previous results.

From these results, it would seem that the effect of seasoning
is to bring about hydrolysis and possibly oxidation, thereby in-
creasing the tannin content by 1.6 per cent. (27 per cent. of the
former). The total solids are increased and the non-tannin
decreased, each 0.9 per cent.

* Journal of Ind. and Eng. Chem., Dec., 1917.
1. I.& E.C,1, 1915.
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TABLE 1.—EFFECT OF SEASONING ON TANNIN
CONTENT OF DoucGLAS FIR.

Fir Slabwood Same sample
analyzed by Thompson analyzed by Jones

Percentages in 1914 one year later
Total 80lidS.eeveeveveeneerenn.. . 14.92 15.8
Solublesolids. ... ceovveverevnnnns 13.02 13.7
RedS teeeeeeeriicncaceentonnnae 1.90 2.1
Non-tanning...... et eeteee e 7.10 6.2
Tannins....coeoer ceveenvinne.ans 5.92 7-5
Moisture «.ccv. cveeivietciniennn 6.91 10.0

PART I—CONIFERS.

WESTERN LARCH (Larix Occidentalis.)—The sample was taken
from four trees, averaging 28 inches in thickness, growing in the
Whitman National Forest in Oregon. The trees were felled in
December, 1910, and transported by skidding and log train to
the station. The cross-sections were cut 18 inches from the
ground and showed a very wet and pitchy surface. The wood
is dull red in color and the bark averaged 274 inches in thickness.
The sample was dried for one week at 40° C. before extractlon
The analyses were made in March, 1976.

The tannin content of this, as well as of the other species
tested, is given in Table II.

The wood extract was bright red in color and unimportant
from the standpoint of either tannin content or dye. The extract
from the bark was a dull red and gave a pleasing light red color
to the tanned hide.

Inasmuch as this species ranks ninth in the order of most
prevalent trees in the states of Oregon and Washington, often
occurring in pure forests in Northeastern Washington, Northern
Idaho, and Northwestern Montana, is a prolific seeder and well
adapted to reforest burned-over areas, its importance as a source
of tannin must not be overlooked. Investigations carried on in
the U. S. Forest Products Laboratory also show? that this species
produces a high yield of alcohol by hydrolysis.

Considering the high tannin content of its bark and the ex-
ceptional yield of alcohol, it would seem that this species might
be especially adapted to chemical utilization, rather than for
lumber and timber purposes.

3 This Journal, 7, (1915), 922.
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TABLE II.—TANNIN CONTENT OF PACIFIC COAST SPECIES.

Total  Soluble Non- Mois-
Percentages solids solids Reds tannins Tannins ture

Western %Wood (@) ... 28.9* 27.6* Noune* 23.9* 6.7* 7.8*%

Larch Bark () .... 20.5 17.0 3.5 6.4 10.6 11.0
Western Wood (¢)--.- 19.6 16.9 2.7 8.0 8.9 .
Yellow Pine ( Bark (¢) .... 22.3 19.3 3.1 8.3 10.9 4.0
Western Wood (¢) ... 4.2 4.1 0.1 2.1 1.0 9.5
Hemlock Bark (¢)...-. 20.8 19.5 1.3 8.57 10.93 9.
Wood - .--... 8.3 7.1 .2 &8 1.3 5.0
Dogwood ‘: Bark --ccenut 8.3 7.9 0.4 6.2 1.7 5.0
Wood ....... 10.8 9.1 1.7 7.3 1.8 6.5
Cottonwood 3Bark ........ 25.3 24.3 1.0 19.6 4.7 2.0
Wood -...... 3.5 3.3 0.2 2.6 0.7 6.8
Alder a Bark ... ... 10.2 9.6 0.6 6.2 3.3 9.8

(a) Results are averages of 2 extractions. *Analysis by W. E. Gailey.
(3) Results are averanges of 8 extractions.
(¢) Results are averages of 4 extractions.

YELLOW PINE (Pinus Ponderosa.)—This sample was obtained
from the Whitman National Forest, the cross-sections being cut
18 inches in diameter. The bark averages 2 inches in thickness.
The trees were felled 4 months before extraction.

This species ranks second in quantity of the standing timber
of Oregon and Washington. The bark on old trees is often 3
to 4 inches thick. The yellow pine is chiefly used in making
boxes, but both the quantity of the bark and of the tannin in
the bark and wood make the use of the sawmill waste of this
species feasible for tannin extract manufacture.

WESTERN HEMLOCK (Tsuga Heterophilla.)—Various published
analyses of the western hemlock bark show that the tannin con-
tent of the western species is equal to or exceeds that of the
eastern species. The bark of the western hemlock has been
regularly used by tanneries on the Pacific Coast. Inasmuch as
considerable second growth hemlock occurs on the logged off
lands of the Northwest, a composite sample of four trees taken
from the University campus was prepared. One tree was 18
inches in diameter and the other three averaged 9 inches. The
bark was 4 inch thick. The trees were felled 9 months before
extraction. The tannin content is less than that found by other
investigators, due probably to the difference in the ages of the
trees.
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PART II—DECIDUOUS SPECIES.

pocwoop (Cornus Nuttalli.)—The western dogwood is essen-
tially the same as that of the East. The wood is a dull pink
and the bark a reddish black. Its dye possibilities have been
utilized by the Pacific Coast Indians for coloring clothing and
moccasins deep red. It ranges from the southern coast of British
Columbia through Washington, Oregon and California, usually
thriving in low altitudes and damp soils and mixed singly or in
groups under all the trees of the Pacific slope except the yellow
and sugar pines.

For the sample, cross-sections of five trees on the university
campus were cut 3 feet from the ground. They ranged from 8
to 24 inches in diameter, and were air-dried for 6 months. The
bark averaged less than % inch in thickness and was not easily
peeled. The extract is reddish brown in color and imparts a
light reddish brown color to the tanned hide in the case of the
wood extract and a deeper red from the bark. It is believed
that dogwood extract might be used with other tanning extracts
to furnish the dye property.

coTToNWOoOD (Populis Trichocarpa.)—The cottonwood tree is
found growing in damp, sandy land from Alaska to Mexico. It
is a very rapid grower, a tree growing to 15 inches in as many
years. The sample was obtained from a tree 2 feet in diameter,
felled 3 months before extraction. The bark ranged from %
to 34 inches in thickness.

ALDER (Alnus Oregona.)—This species occurs to a considerable
extent as a second growth on the logged off lands of Oregon
and Washington. Four trees were cut on the university campus
9 months before extraction. Cross-sections were taken about
2 feet from the ground. The average diameter of the tree was
10 inches, the bark averaging 14 inch in thickness. The quality
of the tannin is of doubtful value. :

CONCLUSIONS.

I. Douglas fir slabwood, selected for tanning extraction, can
advantageously be seasoned for one year.
II. In addition to the western hemlock bark, that of the
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western larch and western pine seems to yield extract satisfactory
both in quantity and quality.

III. Of the deciduous species examined, the dogwood alone
appears suitable for use in extract manufacture but only as a dye.

THE DETERMINATION OF ASH IN LEATHER.
By Oskar Riethof and C. T. Gayley.

In looking over the reports of leather analyses printed in the
Journals of the A.L.C. A., and from other sources, we note
great variations in the insoluble ash figure, and in as much as it
is an established fact that the insoluble ash rarely exceeds 0.25
per cent. in leathers not weighted with insoluble materials such
as barium sulphate, lead sulphate, kaolin, etc., it would seem that
the higher values are often occasioned by wrong methods of
determination. An error in the insoluble ash figure itself is not
of great consequence, but it will cause an appreciable error in
the combined tannin figure, and consequently in the “Degree of
Tannage.” It would, therefore, seem advisable to incorporate
in the Official Method of leather analysis, a specific way for
determining the ash.

Parker and Paul! believed that Schroeder’s method of leather
analysis had the error of calculating the soluble ash twice; once
in his ash figure, and again in his soluble non-tannins. Paessler?,
one of the collaborators of Schroeder, replied that Schroeder
always specified “Organic Solubles,” and that his ash figure was
really the total ash. Veitch and Rogers?, in their tables of leather
analyses, took for granted that, according to Parker’s figures,
sole leather not weighted with incombustible, insoluble material,
never shows more than 0.3 per cent. insoluble ash, and they
used this figure in determining the combined tannin. Some
anonymous English writer in the Leather Trades Review, Nov.
10, 19154 gives the insoluble ash of three English and four
American sole leathers between 0.36 per cent. and 0.90 per cent.
Such high results, especially in American leathers, would seem

! Jour. Soc. Chem. Ind., 1910, four. A. L. C. A., 1910, p. 305.
2 Collegium 1910, No. 423, Jour. A. L. C. A., 1910, p. 467.

8 Bulletin of Dept. of Agr., Jour. A. L. C. A., 1913, p. 275.
¢ Jour. A. L. C. A., 1916, p. 15.
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only to be caused by improper analytic methods, since these
leathers were not weighted with inorganic insoluble materials.

The present Official Method does not specify anything on the
subject, but most chemists report “Insoluble Ash,” and their
figure for soluble non-tannin therefore includes the soluble ash.
Others, like von Schroeder, report “Total Ash” and “Organic
Soluble Non-tannin.” Both ways are justified, but the first seems
preferable, because uncombined tannin and soluble non-tannin
give the water solubles, and there is no reason why the water
solubles should not contain the soluble mineral matter. Above
all, it is certainly wrong to give the soluble ash twice, first in
the total ash and again in the soluble non-tannin.

Different methods for determining the total, soluble, and in-
soluble ash are in use. The official method of the A.L.C. A.
for total ash is to incinerate from 10 to 15 grams of the sample.
Procter® advises the use of 5 grams for the purpose, which ac-
cording to our belief is more than sufficient. In case the soluble
ash is not dissolved out after charring, and before the ignition is
completed, this figure will be too low when much Epsom salts
is present, on account of loss of SO,. The insoluble ash may
be found by igniting a part of the extracted leather, after it is
dried. The soluble ash may be found by ashing the total solids
from the water solubles. The last two figures combined should
correspond with the total ash, but in many cases do not, because
in the presence of sulphates the total ash figure will be too low
on account of reduction of the sulphates by the carbon, and the
loss of SO,, as pointed out above. We found that the soluble
ash determined as above was in many cases considerably higher
than the total ash, depending on the intensity and duration of
the ignition.

It is very probable that the method some chemists use in de-
termining the insoluble ash is to wash the total ash out with hot
water, to filter off, and again ignite the insoluble part. This
will certainly give results too high in most cases, and especially
when magnesium sulphate is present, which will be partly con-
verted into insoluble magnesia by ignition. We would not be
surprised to find this the reason for the high insoluble ash figures
of the English chemist mentioned above.

8 L eather Chemists Pocket-book.
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In view of the foregoing facts, we think it advisable for the
association to adopt a specific way of reporting leather analyses,
and furthermore, incorporate in the Official Method a certain
way of determining insoluble, soluble and total ash. The method
we would suggest for determining the insoluble ash is that of
ashing a part of the dried leather substance. The total ash may .
either be obtained by ashing the total solids from the water
solubles, and adding this figure to the insoluble ash, or by ashing
a part of the original sample. It would seem that the first way
mentioned would be the easier, and should give results nearer
the truth.

COMPARATIV. E EXTRACT ANALYSIS.
By J. M. Seltzer.

In the purchase of extract for our tanneries, it is our custom
to receive a portion of the sample drawn by the manufacturer
at his plant and the manufacturer also sends a portion of the
sample to his own laboratory or to that of an independent
chemist.

When the car of extract is received at our tanneries, we draw
a sample and send a portion to the manufacturer and we retain
a portion of the sample for our own laboratory.

We give below, the tannin contents of 100 tanks of extract
bought from one manufacturer. These figures show the tannin
found by the manufacturers’ chemist on the manufacturers’ and
tannery sample, and also the tannin found by the tannery chemist
on the manufacturers’ and tannery sample.

Chemist A is the tannery chemist.

Chemist B is the manufacturers’ chemist.

As will be noted, the greatest difference on the average of the
100 analysis is 0.07 per cent. tannin.

The average results of the two lots by Chemist A is 26.375 per
cent.; the average results of the two lots by Chemist B is 26.34
per cent. The difference being 0.035 per cent. tannin which has a
value of $42.00 on the 100 tanks, and by averaging the results of
_ Chemist A and Chemist B, the difference between the average
and the result of Chemist B would be $21.00 on the 100 tanks,
which is 0.18 per cent. of the value of the extract.
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Manufacturer's Tannery Manufacturer's Tannery
Sample Sample Sample Sample

Chemist Chemist Chemist Chemist Chemist Chemi;t éhemlst Chemist
A B A B A B A B

Tannin  Tannin Tannin Tannin Tannin Tannin Tannin Tannin
] * * * L4 %

2546 2557 2530  25.5I 26.18  26.03 2502  25.04
2638 2634 2646 20.35 2689 2681 27.01 26.78
2615 26,12 2598  26.20 2650 2698  26.61 26.92
2453 2470 2466 24.78 2635 2658 2645  26.49
25.84 25.53 25.65 25.46 25.70 25.59 25.80 25.62
2578 25.50 2587 2568 2646  26.31 2666 26.39
2408 2462 2506 24.77 2657 2662 2654 26.52
26,12 2596  26.21 25.96 25.93 2552 2590  25.60
20.31 26,12 2044 26.13 26.50 26.87 26.93 26.83
2588 2553 2585 2551 27.08 2715  27.33  27.33
20.57 26.57 26.44 26.38 2608  26.17 26.31 26.27
26.13 26.02 26.11 26.00 27.43 26.84 27.26  26.89
26.16  25.73 2620 2573 27.30 26.75 2717  26.92
27.11 27.01 27.40  27.13 27.23 2707 2734 27.16
27.01 26.71 2660 26.19 27.35 2718  27.30  27.35
27.44 27.06 27.37 26.94 27.27 27.04 27.19 27.10
28.25 27.85 2788  27.77 27.31 27.50 2749  27.40
27.18 27.00 2680 27.14 26.87 26.76  27.01 26.65
27.77 27.70 27.73  27.68 2696 27.08 2699 26.94
2623 2600 2030  26.11 27.04 20.56 2689 26.79
2623 2614 2625  26.21 26085 2670 26,97 26.70
2648  26.51 2662  26.49 2664 2625 2666 2629
26.50 2.53 249 26.15 26.67 20.65 26.74 20.55
.12

. X X f 26. .
20.75 2039 2668 20644 2668 26.71 2663 2682

2609 2630 2614 2032 26.35 13 2614 26.23
2618 26,02 2604 2629 25.51 25.83 2558  25.68
2651 2651 2636  26.64 25 15 2536 2520 2565

2640 2664 2638  26.57 26.36 26.23 .49
2735 2739 27.57 27.60 2579 2604 2632 26.00
26.11 26.23 2642 2500 2562 2584 2589

26:23 2628 26:19 26.31 26.04 26:27 25:93 26:19
20.56 26.75 2642  26.54 2585 2640 2580 2626

26:64 27.12 26:58 27.11 203608 263241 263885 263
2609 2608 2617  26.11 2636 2632 2639 26532




LEATHER CONSERVATION 11

By looking over the above table it will be noticed that the
analyses of each individual tank do not always agree, which can
easily be accounted for by one who is familiar with the method
of analysis. When a party buys only a few tanks of extract the
difference is liable to run all one way and the most satisfactory
method of settlement which would be fair to both buyer and seller
would be to settle on the average tannin found by the seller’s
chemist on the sample taken by the seller, and the tannin found
by the buyer’s chemist on the sample taken by the buyer. In
this way the tan contents of each and every tank of extract
would be adjusted automatically and the transaction would be
closed, and at the same time both parties would have the oppor-
tunity of drawing the samples and making the analyses.

LaBoraTory, KiIsTLER, LEsH & CoMPANY.

LEATHER CONSERVATION.
By Allen Rogers.

Read before the New York Section of the American Chemical
Society.

During the past ten years there has been a slow but constant
falling off in hides and skins, which has resulted in a gradual
decrease in the production of leather. This shortage in raw
stock, with the increased demand for leather products has thus
caused a rise in price of all classes of leather. This country has
depended very largely upon European markets for its hides and
skins, consequently with this source cut off, due to embargo and
non-production, the prices have taken extraordinary bounds. To
add to the seriousness of the situation, we find ourselves con-
fronted with a shortage in domestic beef animals, and not having
an adequate merchant marine, we are unable to reach the South
American markets where large quantities of hides and skins are
available.

This condition of affairs is deplorable, especially as the United
States leads the world in the production of leather. What can-
not be cured, however, must be endured. Although conditions
in the leather trade are not so serious as they were a year or
so ago, we must use every effort to conserve our resources and
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patiently await the day when a more efficient marine service will
bring the markets of the world to our doors.

As the price of any commodity rises, substitutes are bound to
appear. This has been true in the case in hand. Not only have
leather substitutes been brought forward, but sources of raw
material, formerly waste products, have come to the attention of
the tanners, and are being worked up into merchantable leather.
Processes also are now being employed which aim to produce a
leather having a greater wearing quality than in previous years.
Some of the processes are not new, but at the time they were
proposed did not meet with favor by the trade. The reason for
the lack of interest was due to the fact that the supply of hides
was more plentiful than to-day and tanners did not care to
change the process to conform to the new method.

In 1911, the speaker, working in conjunctipn with another
member of this Section, developed a method for producing an
indestructible sole leather. This leather was tested out on twenty
mail carriers and twenty policemen in New York, using it on
the right foot with the best oak sole on the left foot. Two oak
soles went through and in most cases they were on the third
before the new leather wore out. Shoe manufacturers and tan-
ners did not seem interested at that time, but within the past
two years several concerns have started to make the leather and
it is now being advertised quite extensively.

The skins of fish have been tanned for many years, but only
for fancy articles. To-day, however, shark skins, porpoise, and
even gray fish, and eel skins are being converted into very service-
able leather. The shark skins have a very hard grain, but the
flesh side lends itself to a finish which bids fair to make it a
close competitive of box calf or oil grain. Shark skin leather
is very tough and serviceable, which makes it well adapted for
children’s shoes, especially for boys’ knockabouts. Gray fish and
eel skins are thin, but can be used for fancy leather and small
articles.

For many years the waste shavings and trimmings were burnt
under the boiler. To-day, however, they are saved by mixing
with pulp and put into leather board for insole work.

A recent invention proposes to work up small trimmings from
light leather into a thread or yarn, and then use this yarn in
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weaving leather fabric. Such fabrics may be used for furniture,
automobile leather, rugs, and fancy articles. '

The heads or pates of hides formerly went into glue stock;
to-day, however, these are being tanned and can be bought in
the “Five and Ten” as half-soles and heels at 10 cents a pair.

In the production of automobile leather, the hide is cut up
into sections or splits. As a hide can have only one grain side,
the other cuts or splits are treated with a dope finish consisting
of gun cotton and castor oil, to which a pigment is added. These
splits are then embossed and given the appearance of a full grain.

The manufacture of imitation leather is an American idea and
has developed into an enormous industry in recent years. This
product consists of a fabric to which is applied a dope finish,
the same as on splits. The fabric is then embossed and when
used on upholstery is difficult to tell from real leather.

A new process has just been invented for making imitation
leather, in which cotton batting takes the place of the fabric.
This cotton is worked into shape on a felting machine, and then
with a suitable binder is pressed into sheets. These sheets are
then given a dope finish and embossed. This process is of special
interest as the cost of the finished product is less than the cost
of the fabric used in the older process. The strength also is
far greater than leather or the other imitation leather.

For a number of years we have known and used rubber soles.
Recently, however, several sole leather substitutes have been
placed on the market under various trade names. These sole
leather substitutes depend upon rubber for the binding material,
but differ from the rubber sole in that they contain loading
material and fibrous matter. Although they do not wear as well
as high grade leather, they do have many points of value which
should warrant consideration. Coming as they do when leather
is short, they have served to tide us over a very serious situation
and will continue to serve as a very timely and satisfactory
adjunct to our sole leather supply.
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TENTATIVE STANDARD METHODS FOR THE SAMPLING
AND ANALYSIS OF COMMERCIAL FATS AND
OILS, OTHER THAN THOSE OF THE
COCONUT, BUTTER AND
LINSEED GROUPS.

The following methods have been adopted by the Committee
on the Analysis of Commercial Fats and Oils of the Division of
Industrial Chemists and Chemical Engineers of the American
Chemical Society as tentative standards for the use of the trade,
pending their official adoption by the American Chemical Society.

They are the result of thirty months continuous and con-
scientious effort on the part of the Committee and they have
given excellent satisfaction in the hands of the members of the
Committee and others who have used them, and have been found
to answer the commercial needs of the fat and oil industry in
a satisfactory manner.

They are published here for the purpose of adoption by any
contracting parties so desiring and for the purpose of eliciting
suggestions and criticisms from fat and oil chemists. Communi-
cations on the subject of the methods should be addressed to
W. D. Richardson, c/o Swift & Company, Chicago, and will be
presented to the Committee at their regular monthly meeting
next following.

The Committee is now working on methods designed to apply
particularly to the coconut, butter and linseed groups, and these
methods, when adopted by the Committee, will include saponi-
fication number, iodine number and Reichert-Meissl number.
When completed they will be incorporated in the methods printed
below. )

TENTATIVE STANDARD METHODS FOR THE SAMPLING OF
COMMERCIAL FATS AND OILS.

Adopted September 22, 1916.

Any or all of the following tentative standard methods may
be used or inserted in contracts at the option of the parties
concerned.

Tank Cars.

I. SAMPLING WHILE LOADING.—Sample shall be taken at dis-
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charge end of pipe where it enters tank car dome. The total
sample taken shall be not less than 50 pounds and shall be a
composite of small samples of about 1 pound each, taken at
regular intervals during the entire period of loading.

The sample thus obtained is thoroughly mixed and uniform
3-pound portions placed in air-tight 3-pound metal containers.
At least three such samples shall be put up, one for the buyer,
one for the seller and the third to be sent to a referee chemist
in case of dispute. All samples are to be promptly and correctly
labeled and sealed.

2. SAMPLING FROM CAR ON TRACK'.—(a) When Contents are
Solid.? 1In this case the sample is taken by means of a large tryer
measuring about 2 inches across and about one and one-half times
the depth of the car in length. Several tryerfuls are taken ver-
tically and obliquely toward the ends of the car until 50 pounds
are accumulated, when the sample is softened, mixed and handled
as under (1).

(b) When Contents are Liquid.—The sample taken is to be a
so-pound composite made up of numerous small samples taken
from the top, bottom and intermediate points by means of a
bottle or metal container with removable stopper or top. This
device, attached to a suitable pole, is lowered to the various de-
sired depths, when the stopper or top is removed and the con-
tainer allowed to fill. The 50-pound sample thus obtained is
handled as under (1).

(c¢) When Contents are in Semi-solid Conditions, or, When
Stearine has Separated From Liquid Portions—In this case a
combination of (a) or (b) may be used, or, by agreement of the
parties, the whole may be melted and procedure (b) followed.

Barrels, Tierces, Casks, Drums, and Other Packages.

All packages shall be sampled, unless by special agreement
the parties arrange to sample a lesser number; but, in any case,
not less than 10 per cent. of the total number shall be sampled.

1 Live steam must not be turned into tank cars or coils before samples
are drawn, since there is no certain way of telling when coils are free from
leaks.

3 If there is water present under the solid material, this must be noted
and estimated separately.
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The total sample taken shall be at least 20 pounds in weight for
each 100 barrels, or equivalent.

I. BARRELS, TIERCES AND CASKS.—(a) I hen contents are
Solid. The small samples shall be taken by a tryer through the
bung-hole or through a special hole bored in the head or side for
the purpose, with a 1-inch or larger auger. Care should be taken
to avoid and eliminate all borings and chips from the sample. The
tryer is inserted in such a way as to reach the head of the barrel,
tierce, or cask. The large sample is softened, mixed and handled
according to tank cars (1).

(b) When Contents are Liquid—In this case use is made of a
glass tube with constricted lower end. This is inserted slowly
and allowed to fill with the liquid, when the upper end is closed
and the tube withdrawn, the contents being allowed to drain
into the sample container. After the entire sample is taken it
is thoroughly mixed and handled according to tank cars (1).

(¢) When Contents are Semi-solid—In this case the tryer or
a glass tube with larger outlet is used depending on the degree
of fluidity.

(d) Very Hard Materials, Such as Natural and Artificial
Stearines—By preference the barrels are stripped and samples
obtained by breaking up contents of at least 10 per cent. of the
packages. This procedure is to be followed also in the case of
cakes shipped in sacks. When shipped in the form of small
pieces in sacks they can be sampled by grab sampling and quarter-
ing. In all cases the final procedure is as outlined under tank
cars (1).

2. DRUMS.—Samples are to be taken as under (1), use being
made of the bung hole. The tryer or tube should be sufficiently
long to reach to the ends of the drum. :

3. OTHER PACKAGEs.—Tubs, pails and other small packages
not mentioned above are to be sampled by tryer or tube (de-
pending on fluidity) as outlined above, the tryer or tube being
inserted diagonally whenever possible.

4. MIXED LOTS AND PACKAGES.—When lots of tallow or other
fats are received in packages of various shapes and sizes, and
especially wherein the fat itself is of variable composition, such
must be left to the judgment of the sampler. If variable, the
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contents of each package should be mixed as thoroughly as
possible and the amount of the individual samples taken made
proportional to the sizes of the packages.

TENTATIVE STANDARD METHODS FOR THE ANALYSIS OF COMMERCIAL
FATS AND OILS, OTHER THAN THOSE OF THE COCONUT,
BUTTER AND LINSEED GROUPS.

Adopted September 22, 1916.

Sample.

The sample must be representative and at least 3 pounds in
weight and taken in accordance with the standard methods for
the sampling of commercial fats and oils (given above). It
must be kept in an air-tight container in a dark, cool place.

Soften the sample by means of a gentle heat taking care not
to melt it. When sufficiently softened, mix the sample thoroughly
by means of a mechanical egg beater or other equally effective
mechanical mixer.

Moisture and Volatile Matter.

APPARATUS: Vacuum Oven.>—The Committee Standard Oven.
Moisture Dish.—A shallow glass dish, lipped, beaker form,

approximately 6 to 7 centimeters diameter and 4 centimeters deep
shall be standard.

DETERMINATION.—Weigh out 5 grams (=0.2 gram) of the
prepared sample into a moisture dish. Dry to constant weight in
vacuo at a uniform temperature, not less than 15° C., nor more
than 20° C. above the boiling point of water at the working
pressure, which must not exceed 100 millimeters of mercury.
Constant weight is attained when successive dryings for 1-hour

® The diagram of this oven is shown in the original paper.

¢ BOILING POINT OF WATER AT REDUCED PRESSURES.

Pressure Boiling° Point Boilingo Point Boiling Point
mm. Hg. to1°C. +15° C. +20°C.
100 52° C. +67° C. +72° C.
90 5o 65 70
8o 47 62 67
70 45 6o 65
60 42 57 62
50 38 53 58

40 34 49 54
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periods show an additional loss of not more than 0.05 per cent.
Report loss in weight as moisture and volatile matter.®

Suggestion for Routine Control Work.

The Following Method is Suggested by the Committee for
Routine Control Work:—Weigh out 5- to 25-gram portions of
prepared sample into a glass or aluminum® heaker or casserole
and heat on a heavy asbestos board over burner or hot plate,
taking care that the temperature of the sample does not go above
150° C. at any time. During the heating rotate the vessel gently
on the board by hand to avoid sputtering or too rapid evolution
of moisture. The proper length of time of heating is judged
by absence of rising bubbles of steam, by the absence of foam
or by other signs known to the operator. Avoid overheating of
sample as indicated by smoking or darkening. Cool in desiccator
and weigh.

Insoluble Impurities.

Dissolve the residue from the moisture and wvolatile matter
determination by heating it on a steam bath with 50. cc. of
kerosene. Filter the solution through a Gooch crucible properly
prepared with asbestos,” wash the insoluble matter five times
with 10-cc. portions of hot kerosene, and finally wash the residual
kerosene out thoroughly with petroleum ether. Dry the crucible
and contents to constant weight as in the determination of mois-
ture and volatile matter and report results as insoluble impurities.

Soluble Mineral Matter.

Place the combined kerosene filtrate and kerosene washings
from the insoluble impurities determination in a platinum dish.
Place in this an ashless filter paper folded in the form of a cone,
apex up. Light the apex of the cone, whereupon the bulk of

§ Results comparable to those of the Standard Method may be obtained
on most fats and oils by drying 5-gram portions of the sample, prepared
and weighed as above, to constant weight in a well constructed and well
ventilated air oven held uniformnly at a temperature of 105 to 110° C. The
thermometer bulb should be close to the sample. The definition of constant
weight is the same as for the Standard Method.

¢ Caution: Aluminum soap may be formed.

7 For routine-control work, filter paper is sometimes more convenient
than a prepared Gooch crucible. It must be very carefully washed to re-
move the last traces of fat, especially the rim.
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the kerosene burns quietly. Ash the residue in a muffle, to con-
stant weight, taking care that the decomposition of carbonates
is complete, and report the result as soluble mineral matter.*

Free Fatty Acids.

The ArconoL® used shall be approximately 95 per cent. etﬁyl
alcohol, freshly distilled from sodium hydroxide, which with
phenolphthalein gives a definite and distinct end-point.

DETERMINATION.—Weigh I to 15 grams of the prepared sample
into an Erlenmeyer flask, using the smaller quantity in the case
of dark colored, high acid fats. Add 50 to 100 cc. hot, neutral
alcohol, and titrate with N/2, N/4 or N/10 sodium hydroxide,
depending on the fatty acid content, using phenolphthalein as
indicator. Calculate to oleic acid. In the case of palm oil the
results may also be expressed in terms of palmitic acid, clearly
indicating the two methods of calculation in the report.

Titer.

STANDARD THERMOMETER.—The thermometer is graduated at
zero and in tenths of a degree from 10 to 65°, with one auxiliary
reservoir at the upper end and another between the zero mark
and the 10° mark. The cavity in the capillary tube between the
zero mark and the 10° mark is at least 1 centimeter below the
10° mark; the 10° mark is about 3 or 4 centimeters above the
bulb, the length of the thermometer being about 37 centimeters
over all. The thermometer has been annealed for 75 hours at
450° C. and the bulb is of Jena normal 16" glass, or its equiva-
lent, moderately thin, so that the thermometer will be quick-
acting. The bulb is about 3 centimeters long and 6 millimeters
in diameter. The stem of the thermometer is 6 millimeters in
diameter and made of the best thermometer tubing, with scale

* For routine work, an ash may be run on the original fat, and the solu-
ble mineral matter obtained by deducting the ash on the insoluble impuri-
ties from this. In this case the Gooch crucible should be prepared with an
ignited asbestos mat so that the impurities may be ashed directly after

being weighed. In all cases ignition should be to constant weight so as to
insure complete decomposition of carbonates.

? For routine work methy! or denatured ethyl alcohol of approximately
gs per cent. strength may be used. With these reagents the end point is
not sharp.
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etched on the stem; the graduation is clear cut and distinct, but
quite fine. The thermometer must be certified by the U. S.
Bureau of Standards.

GLYCEROL CAUSTIC SOLUTION.—Dissolve 250 grams potassium
hydroxide in 1000 cc. dynamite glycerin with the aid of heat.

DETERMINATION.'>—Heat 75 cc. of the gycerol-caustic solution
to 150° C. and add 50 grams of the melted fat. Stir the mixture
well and continue heating until the melt is homogeneous, at
no time allowing the temperature to exceed 150° C. Allow to
cool somewhat and carefully add 50 cc. of 30 per cent. sulfuric
acid. Now add hot water and heat until the fatty acids sep-
arate out perfectly clear. Draw off the acid water and wash
the fatty acids with hot water until free from mineral acid, then
filter and heat to 130° C. as rapidly as possible, with stirring.
Transfer the fatty acids, when cooled somewhat, to a 1 inch
by 4 inch titer tube, placed in a 16-ounce salt-mouth bottle of
clear glass, fitted with a cork which is perforated so as to hold
the tube rigidly when in position. Suspend the titer thermometer
so that it can be used as a stirrer and stir the fatty acids slowly
(about 100 revolutions per minute) until the mercury remains
stationary for 30 seconds. Allow the thermometer to hang quietly
with the bulb in the center of the tube and report the highest
point to which the mercury rises as the titer of the fatty acids.
The titer should be made at about 20° C. for all fats having a
titer above 30° C. and at 10° C. below the titer for all other fats.

Unsapowifiable Matter.

EXTRACTION CYLINDER—The cylinder shall be glass stoppered,
graduated at 40 cc., 80 cc. and 130 cc. and of the following di-
mensions; diameter about 13§ inches, height about 12 inches.

PETROLEUM ETHER.—Redistilled petroleum ether boiling under
75° C. shall be used. A blank must be made by evaporating
250 cc. with about 0.25 gram of stearin or other hard fat (pre-
viously brought to constant weight by heating) and drying as
in the actual determination. The blank must not exceed a few
milligrams.

DETERMINATION.—Weigh § grams (=0.20 gram) of the pre-
pared sample into a 200 cc. Erlenmeyer flask, add 30 cc. of re-

v Ror routine work during period of high prices see p. 24.
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distilled 95 per cent. (approximately) ethyl alcohol and 5 cc. of
50 per cent. aqueous potassium hydroxide, and boil the mixture
for 1 hour under a reflux condenser. Transfer to the extraction
cylinder and wash to the 40 cc. mark with redistilled 95 per cent.
ethyl alcohol. Complete the transfer, first with warm, then with
cold water, till the total volume amounts to 80 cc. Cool the
cylinder and contents to room temperature and add 50 cc. of
petroleum ether. Shake vigorously for 1 minute and allow to
settle until both layers are clear, when the volume of the upper
layer should be about 40 cc. Draw off the petroleum ether
layer as closely as possible by means of a slender glass siphon
into a separately funnel of 500 cc. capacity. Repeat extraction
four more times, using 50 cc. of petroleum ether each time.!

Wash the combined extracts in a separatory funnel three times
with 25-cc. portions of 10 per cent. alcohol, shaking vigorously
each time. Transfer the petroleum ether extract to a wide-
mouth tared flask or beaker, and evaporate the petroleum ether
on a steam bath in an air current. Dry as in the method for
moisture and volatile matter. Any blank must be deducted from
this weight before calculating unsaponifiable matter. Test the
final residue for solubility in 50 cc. petroleum ether at room
temperature. Filter and wash free from the insoluble residue,
if any, evaporate and dry in the same manner as before.

NOTES ON THE ABOVE TENTATIVE METHODS.
Sampling.

The standard size sample adopted by the Committee is at least
3 pounds in weight. The Committee realizes that this amount
is larger than any samples furnished representing shipments of’
from 20,000 to 60,000 pounds, but it believes that the requirement
of a larger sample is desirable and will work toward uniform and
more concordant results in analysis. It will probably continue
to be the custom of the trade to submit smaller buyers’ samples
than required by the Committee, but these are to be considered
only as samples for inspection and not for analysis. The stand-
ard analytical sample must consist of 3 pounds or more.

The reasons for keeping samples in a dark, cool place are ob-

11 When the unsaponifiable matter runs over 5 per cent., more extrac-
tions are recommended.
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vious. This is to prevent an increase in rancidity and any undue
increase in fatty acids. In the case of many fats the Committee
has found in its co-operative analytical work that free acid tends

to increase very rapidly. This tendency is minimized by low
temperatures.

Moisture and Volatile Matter.

After careful consideration the Committee has decided that
moisture is best determined in a vacuum oven of the design
which accompanied the above report. Numerous results on check
samples have confirmed the Committee’s conclusions. The oven
recommended by the Committee is constructed on the basis of
well-known principles and it is hoped that this type will be
adopted generally by chemists who are called upon to analyze
fats and oils. The experiments of the Committee indicate that
it is a most difficult matter to design a vacuum oven which will
produce uniform temperature throughout, and one of the prin-
cipal ideas in the design adopted is uniformity of temperature
over the entire single shelf. This idea has not quite been real-
ized in practice, but, nevertheless, the present design approaches
much closer to the ideal than other vacuum ovens commonly
used. In the drawing shown the essential dimensions are those
between the heating units and the shelf and the length and breadth
of the outer casting. The standard Fat Analysis Committee oven
(F. A. C. oven) can be furnished by Messrs. E. H. Sargent &
Co., 125 West Lake Street, Chicago, Ill.

The Committee realizes that for routine work a quicker method
is desirable and has added one such method and has also stated
the conditions under which comparable results can be obtained
by means of the ordinary well ventilated air oven held at 105 to
110° C. However, in accordance with a fundamental principle
adopted by the Committee at its first meeting, only one standard
method is adopted and declared official for each determination.

. The Committee realizes that in the case of all methods for
determining moisture by means of loss on heating that there
may be a loss due to volatile matter (especially fatty acids) other
than water. The title of the determination moisture and volatile
matter indicates this idea, but any considerable error from this
source may occur only in the case of high acid fats and oils and
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particularly those containing lower fatty acids such as coconut
and palm kernel oil, work on which is now in progress to be
reported at a later date. In the case of extracted greases which
have not been properly purified, some of the solvent may also
be included in the moisture and volatile matter determination but
inasmuch as the solvent, usually a petroleum product, can be
considered only as foreign matter, for commercial purposes it
is entirely proper to include it with the moisture. The Com-
mittee has also considered the various distillation methods for
the determination of ‘moisture in fats and oils, but since, accord-
ing to the fundamental principles which it was endeavoring to
follow, it could standardize only one method, it was decided
that the most desirable one on the whole was the vacuum oven
method as given. There are cases wherein a chemist may find
it desirable to check a moisture determination or investigate
the moisture content of a fat or oil further by means of one
of the distillation methods.

Insoluble Impurities.

This determination, the title for which was adopted after
careful consideration, determines the impurities which have gen-
erally been known as dirt, suspended matter, suspended solids,
foreign solids, foreign matter, etc., in the past. The first solvent
recommended by the committee is hot kerosene to be followed by
petroleum ether kept at ordinary room temperature. Petroleum
ether, cold or only slightly warm, is not a good fat and metallic
soap solvent, whereas hot kerosene dissolves these substances
readily, and for this reason the Committee has recommended
the double solvent method so as to exclude metallic soaps which
are determined below as soluble mineral matter.

Soluble Mineral Matter.

Soluble mineral matter represents mineral matter combined
with fatty acids in the form of soaps in solution in the fat or oil.
Formerly, this mineral matter was often determined in combina-
tion by weighing the separated metallic soap or by weighing it
in conjunction with the insoluble impurities. Since the soaps
present consist mostly of lime soap, it has been customary to
calculate the lime present therein by taking one-tenth the weight
of the total metallic soaps. The standard method as given above
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is direct and involves no calculation. The routine method given
in the note has been placed among the methods, although not
adopted as a standard method, for the reason that it is in use
in some laboratories regularly. It should be pointed out, how-
ever, that the method cannot be considered accurate for the
reason that insoluble impurities may vary from sample to sample
to a considerable extent and the error due to the presence of
large particles of insoluble impurities is thus transferred to
the soluble mineral matter.

Free Fatty Acid.

The fatty acid method adopted is sufficiently accurate for
commercial purposes. In many routine laboratories the fat or
oil is measured and not weighed but the Committee recommends
weighing the sample in all cases. For scientific purposes the
result is often expressed as “acid number,” meaning the number
of milligrams of KOH required to neutralize the free acids in
1 gram of fat, but the commercial practice has been, and is,
to .express the fatty acid as oleic acid or, in the case of palm
oil, as palmitic acid, in some instances. The Committee sees
no objection to the continuation of this custom so long as the
analytical report clearly indicates how the free acid is expressed.
For a more exact expression of the free acid in a given fat, the
Committee recommends that the ratio of acid number to saponi-
fication number be used. This method of expressing results is
subject to error when unsaponifiable fatty matter is present since
the result expresses the ratio of free fatty acid to total saponi-
fiable fatty matter present.

Titer.

At the present time the prices of glycerol and caustic potash
are abnormally high but the Committee has considered that the
methods adopted are for normal times and normal prices. For
routine work during the period of high prices the following
method may be used for preparing the fatty acids and is recom-
mended by the Committee:

Fifty grams of fat are saponified with 60 cc. of a solution of
two parts of methyl alcohol to one of 50 per cent. NaOH. The
soap is dried, pulverized and dissolved in 1000 cc. of water in a
porcelain dish and then decomposed with 25 cc. of 75 per cent.
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sulfuric acid. The fatty acids are boiled until clear oil is formed
and then collected and settled in a 150-cc. beaker and filtered
into a 50-cc. beaker. They are then heated to 130° C. as rapidly
as possible with stirring and transferred, after they have cooled
somewhat, to the usual 1 inch by 4 inches titer tube.

The method of taking the titer, including handling the ther-
mometer, to be followed is the same as that described in the
standard method. Even at present high prices many laboratories
are using the gycerol-caustic potash method for preparing the
fatty acids, figuring that the saving of time more than com-
pensates for the extra cost of the reagents.

Unsaponifiable Matter.

The Committee has considered unsaponifiable matter to in-
clude those substances frequently found dissolved in fats and
oils which are not saponified by the caustic alkalies and which
at the same time are soluble in the ordinary fat solvents. The
term includes such substances as the higher alcohols, such as
cholesterol which is found in animal fats, phytosterol found in
some vegetable fats, paraffin and petroleum oils, etc. Unsaponi-
fiable matter should not be confused in the lay mind with in-
soluble impurities or soluble mineral matter. The method adopted
by the Committee has been selected only after the most careful
consideration of other methods such as the dry extraction method
and the wet method making use of the separatory funnel.
At first consideration the dry extraction process would seem
to offer.the best basis for an unsaponifiable matter method, but
in practice it has been found absolutely impossible for differ-
ent analysts to obtain agreeing results when using any of the
dry extraction methods proposed. Therefore, this method had
to be abandoned after numerous trials, although several mem-
bers of the Committee strongly favored it in the beginning.
Again, at first glance, it would seem that the use of a siphon
instead of a separatory funnel would be undesirable, but as a
matter of fact in practice it is found to be more satisfactory than
the separatory funnel, as well as much cheaper.

In carrying out the unsaponifiable determination in a routine
way, the Committee has found that the ordinary 250-cc. graduated
and stoppered cylinder is reasonably satisfactory for the purpose.
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One member of the Committee, Mr. Ernst Twitchell of the
Emery Candle Company, Cincinnati, Ohio, was an earnest ad-
vocate of another method devised by him for the determination
of unsaponifiable matter as opposed to the method finally adopted
by the Committee. Mr. Twitchell’s method is published in this
Journal, 7 (1915), 217, under the title, “Unsaponifiable Matter
in Greases.”

In brief, the Twitchell method consists in saponifying with al-
coholic potash and evaporating to dryness. The soap is then
dissolved in water containing 20 per cent. alcohol approximately,
and shaken out with ether in a separatory funnel. The combined
ether extracts are shaken with dilute hydrochloric acid, washed
with water, transferred to a weighed dish, evaporated, dried
and weighed. The residue consists of unsaponifiable matter and
fatty acids since the ether dissolves some soap which is after-
ward decomposed by the hydrochloric acid. The weighed resi-
due is taken up with neutral alcohol and the fatty acids therein
determined by titration with standard alkali solution. The fatty
acids thus determined are calculated as oleic and deducted from
the weight before obtained.

Under date of April 17, 1916, Mr. Twitchell wrote to the com-
mittee on the subject of his method which he recommended, as
follows:

“At the last meeting I was requested to give in writing my arguments
in favor of my method of determining unsaponifiable matter as published
in The Journal of Industrial and Engineering Chemistry, March, 1915 (re-
print enclosed herewith). I don’t want to advocate this particular method
or urge its adoption by the Committee, but I do want to say tHat I con-
sider that the work of the Committee has proved that petroleum ether is
not a suitable solvent for the extraction of unsaponifiable matter, for
with one of the few samples examined (the yellow grease) the results
obtained by, I believe, all the members of the Committee, show that ether
extracts from 25 to 30 per cent. more than petroleum ether. Although
with the other samples the two solvents gave about the same results, yet
the fact that the petroleum ether failed with one should condemn it for
all. I don't see how we can get away from this conclusion. I enclose
a table of figures for unsaponifiable in the yellow grease, made with
ether and with petroleum ether. I understand besides that the results
obtained with ether by other members of the Committee were nearly the

same as mine,
“T should be obliged to you if, when turning over the proceedings of
the Committee to the new one which is to be formed, you would include
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what I have said above regarding saponification and unsaponifiable as a
minority report.

“At the last meeting my method of determining unsaponifiable was
criticised because of the varying corrections for soap in the ether. 1
hardly look at the determination of fatty acids as a correction, it being
so easily, quickly and accurately made. It might almost be considered
as the principal operation, and the washing out of the soap solution as a
removal of the bulk of the fatty acids after which the remainder can be
accurately titrated.”

Mr. Twitchell’s statements about a certain sample of yellow
grease with which the Committee experienced some difficulty are
correct, but it was found afterward that this sample was abnormal
in that it contained some wool grease or lanolin, and it is a ques-
tion whether or not even Mr. Twitchell’s results were high
enough in consideration of this fact. In short, this sample was
considered by the Committee so abnormal that results were not
to be trusted and other samples were substituted for further
co-operative work.

The Committee, following its rule of adopting only one stand-
ard method, has to choose between Mr. Twitchell’s method and
the method finally adopted. One of the principal arguments
against Mr. Twitchell’s method is the correction for the fatty
acids. This correction is variable and in many cases amounts
to several times the amount of unsaponifiable matter determined,
being usually from 0.5 to 2.5 times the amount of unsaponifiable
matter in the hands of the average analyst. The Committee
did not feel that it could consistently adopt a method involving
so large a correction, even though the final results were generally
good.

The old argument in regard to ethyl ether vs. petroleum ether
as a solvent for unsaponifiable was carefully considered by the
Committee. It is freely admitted that ethyl ether is a better
solvent than petroleum ether, but in the opinion of the Committee
it is too universal a solvent for the purpose inasmuch as it ab-
sorbs soap from a water solution. On the other hand, petroleum
ether is selective in its action and shows little or no tendency to
dissolve soaps. Again, commercial ethyl ether is an impure prod-
uct containing in solution both water and alcohol as well as
organic impurities of various sorts including peroxides. It has
been recommended chiefly perhaps for two reasons: (1) it is
a chemical of definite composition, and (2) it is a very general
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solvent for unsaponifiable substances. Petroleum ether has been
criticised because it is not of constant composition or boiling
point. It consists of various hydrocarbons of various boiling
points and varies again depending on the source of the crude
petroleum from which it was distilled. The Committee con-
sidered that its great recommendations were its selective solvent
power, its immiscibility with water, its stability as regards decom-
position on standing and its cheapness. Although it may vary
slightly in solvent power when derived from different sources,
even under the boiling point (75° C.) recommended by the Com-
mittee, nevertheless, all samples have sufficient solvent power
for the determination in question if the Committee’s directions
are followed.

Taking everything into consideration, the Committee decided
in favor of petroleum ether as the solvent and finally adopted
the method specified above, and it is believed that this method
will be found quite satisfactory for the purpose.

NOTES ON CHROME LIQUORS.*
By J. R. Blockey, M. Sc.

The methods of chrome tanning may be roughly divided into
two groups (a) processes involving one bath, and (b) processes
involving two baths. This applies only to the actual tanning
processes and not to the many processes incidental to the tan-
ning, such as deliming, pickling or neutralizing.

In the one-bath process the goods are tanned in one liquor and
the tannage is gradual and progressive. As an example the use
of chrome alum made basic by means of soda may be taken. In
such a case the goods are immersed in the basic chrome liquor
and the tannage proceeds from the outsides to the insides in a
similar manner to ordinary vegetable tannage.

In the two-bath process the changes are quite different. Take
for example the common method using bichromate of soda (or
of potash) and hydrochloric acid for the first bath, and hypo-
sulphite of soda for the second bath. In this case the goods
are first impregnated with chromic acid (which has no tanning
action) and are then immersed in hyposulphite of soda solution
(which has no tanning action), but which reduced the chromic

*S. & L. Reporler.
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acid to such a form that it is capable of tanning the fiber. This
then is briefly the main difference between the one-bath and the
two-bath processes, that in the former the tannage is progressive
like vegetable tannage, and in the latter the tanning agent is pro-
duced actually on the fiber so that the tannage is sudden. This
outline will serve as an introduction to the question of the differ-
ences in the leather produced by the two processes, and to the
question of the relative advantages of the two processes.

The most common plan of carrying out the one-bath process is
to buy the liquors ready made. This plan possesses the ad-
vantage of being easy and of ensuring uniformity of liquor. The
makers who specialize in these one-bath liquors can be relied
upon to maintain absolute uniformity of composition with differ-
ent deliveries. They also are in a position to modify the character
of the liquor to suit different purposes. (Just as different vege-
table tanning materials produce different tannages, and are there-
fore used in the production of different classes of leather, so
modifications of the composition of the chrome liquor will pro-
duce different tannages also suitable for different classes of
leather.)

These ready made bought chrome liquors are all made from
chromium in what is called the trivalent condition. The common-
‘est example is chrome alum made basic by means of soda.
Chrome alum is a double salt of chromium sulphate and potassium
sulphate, the latter of which plays no part in the actual chrome
tanning. The chromium sulphate is the actual tanning agent.
Its chemical formula is Cr, (SO,);. Chromium chloride is also
the basis of many of these one-bath chrome liquors and its for-
mula is CrCl;. In both these salts the chromium is a trivalent
form. In the trivalent form 1 atom of chromium is combined
with 3 atoms of a monovalent element such as chlorine, e. g. CrCl,
or 2 atoms of chromium are combined with 3 atoms of a divalent
element or group of elements, e. g. Cr,0, and in fact, it is only
in the trivalent form that chromium salts can produce leather.
In bichromate of soda or of potash, the chromium is in a hexa-
valent form and it must be changed to the trivalent form before
it can be made to convert hide fiber into leather. This difference
is the basis or cause of most of the differences between one-bath
and two-bath tannages.
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The simplest form of one-bath liquor is that made from chrome
alum. In solution chrome alum dissociates so that the solution
is acid, and although this solution is made basic by the addition
of soda, it is still acid as determined by litmus and other tests.
This appears rather like a contradiction in terms, that a basic
solution can be acid in reaction, but even the most basic chrome
liquor must be acid in order that tanning may occur. The con-
fusion disappears when it is pointed out that the terms basic
and alkaline are not synonymous.

When chromium chloride (which may be taken for illustration
instead of chromium sulphate or chrome alum, as being simpler)
is dissolved in water, it behaves as though it split up into free
hydrochloric acid and a different salt of chromium. The change
may be represented thus:

Cr,Cl, 4+ H,0 = Cr,(OH)Cl, 4 HCl

The addition of soda to such a solution neutralizes the free acid
and leaves a salt of chromium containing less than the original
chromium salt.

The free hydrochloric acid in the above equation is neutralized
by the soda, and the salt Cr,(OH)ClI; is left. On adding more
soda the hydrolysis proceeds further until the final stage of
Cr,(OH), is reached which is insoluble and is precipitated. A
salt such as Cr,Cl, in which the whole of . the base is combined
with acid is called a normal salt, while a basic salt is intermediate
between the normal salt and the base or hydrated oxide. Thus
Cr,OHClI, is a basic salt. The possible salts ranging from normal
chromium chloride to chromium hydrate are Cr,Cl; ; Cr,(OH)Cl;;
Cr,(OH),Cl, or Cr(OH)Cl,; Cr,(OH),Cl;; Cr,(OH),Cl, or
Cr(OH),Cl; Cr,(OH)Cl; Cr,(OH)4 or Cr(OH),. It will be
seen that each stage represents the replacement of 1 atom of Cl
by OH. The normal salt will penetrate pelt rapidly and evenly
but the tannage is empty and poor. The more basic the salt the
slower will the tanning effect penetrate and the heavier will be
the final tannage. The variation in the basicity of the salt has
the greatest influence on the character of the leather.

With chromium sulphate or chrome alum the salts are as
follows, ranging from the normal salt to the complete base:
Cr,(S0,);; Cr,(OH),(S0,), or Cr(OH)SO,, Cr,(OH),SO,
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and Cr,(OH),. The same influence of increasing basicity is
present as with the chloride. The second salt Cr,(OH),(SO,), or
Cr(OH)SO, is often regarded as the most suitable for general
purposes. Such a salt is obtained by adding washing soda to
chrome alum in the proportion of 1 molecule to 1 molecule, that
is, 286 parts of soda crystals to 998 parts of chrome alum. In
practice the production varies from 215 to 34 parts of soda
crystals to 10 parts of chrome alum.

Such a basic salt can be made, in addition to the way just
outlined, by dissolving chromium hydroxide in sulphuric acid,
and also by reducing bichromate of soda or potash.

In bichromate the chromium is not in the trivalent form and
before it can be made to tan, it must be brought to this form.
The formula for potassium bichromate is K,Cr,0, which can
also be written thus K,O,Cr,0, showing that 2 atoms of
chromium are combined with 6 atoms of oxygen. In order to
make the chromium correspond to the condition suitable for
tanning, it is necessary to reduce the compound to such a state
that only 3 atoms of oxygen are combined with 2 atoms of
chromium. This can be achieved by removing oxygen from the
bichromate. Organic substances such as glucose, cane sugar, and
inorganic substances such as sodium bisulphite, are capable of
reducing bichromate by removing oxygen. One molecule of bi-
chromate can furnish 3 atoms of oxygen available for oxidizing
either of these three substances.

Cr,04 = Cr,0, + 30

The bichromate is reduced by means of the reducing agent,
while the reducing agent (i. e. the glucose, etc.) is oxidized by
the bichromate.

The products of the reaction are various, depending upon the
reducing agent. On the one hand the chromium of the bichromate
is reduced from the hexavalent form Cr,O, to the trivalent form
Cr,0;. The reduction is always carried out in the presence of
sulphuric acid, which may be regarded, from the practical point
of view, as being available to combine the Cr,O, to form a basic
chromium sulphate, such as is formed when chrome alum is made
basic with soda. On the other hand the reducing agent is trans-
formed into other substances, and it is the character and presence
of these other substances which produce the variations in these
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reduced bichromate liquors, and which make these liquors differ-
ent in character from the chrome alum—soda liquors. For in-
stance, suppose cane sugar or glucose is used as reducing agent,
the products of the oxidation of the cane sugar or glucose are
complex. They vary with the proportions and the temperature
of the reaction. More glucose or cane sugar than is absolutely
necessary to produce complete reduction of the bichromate is
almost always used, and therefore in such a liquor there will
always be present free glucose or cane sugar, which almost
certainly will have some effect on the tanning properties of the
liquor. It is usually argued, for instance, that the excess of
unaltered glucose or cane sugar helps to make a softer and fuller
leather than would be the case if the theoretically required
quantity were used. It is more probable that it is the decom-
position products of the glucose which cause the difference be-
tween these reduced liquors and the liquors made by adding soda
to chrome alum.

The glucose, in reducing the bichromate, is itself oxidized and
the products of this oxidation are aldehydes and similar sub-
stances. Now aldehydes themselves have the property of con-
verting hide fiber into leather. For instance, the Pullman Payne
patent process for making buff leather was based on the use of
formaldehyde itself, while in the process of making chamois
leather by means of fish oils, the latter are, by atmospheric oxi-
dation, converted into aldehydic bodies such as acrolein, which
play a part in the conversion of the pelt into leather. Since
aldehydic bodies are produced in the reduction of bichromate by
means of glucose or other organic materials, it is not surpris-
ing that the tannage produced by these reduced bichromate liquors
is different from that produced by the simpler chrome alum and
soda liquors.

A word might be said here about those reduced bichromate
liquors which are reduced by means of such inorganic substances
as sodium bisulphite. These liquors are made in a similar manner
to that described using glucose or cane sugar. The bichromate
is acidified with sulphuric acid and the reducing agent, sodium
sulphite or sodium bisulphite, is added gradually to the mixture
until the whole of the bichromate has been reduced. This method
has one or two advantages over the glucose method. In the
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first place the reduction will take place in the cold, so that there
is no need to heat the mixture of bichromate and sulphuric acid
as with glucose. Of course, the reaction between the bisulphite
and the chromic acid liberates heat and the mixture soon reaches
boiling point, but there is no need to heat the mixture before-
hand to enable the reaction to take place. The other advantage
over the use of glucose is that the result is more uniform. When
using glucose there is a danger of various reactions setting in,
for instance the color of the liquor may become greenish blue
as it should do, or it may develop a violet shade, which is a
sign of a wrong reaction. The violet shade is most likely to
occur with impure varieties of glucose and is scarcely, if ever,
produced when cane sugar is used, which accounts for the wider
popularity of the latter despite its higher cost.

When using sodium bisulphite as a reducing agent, there is
little chance of a side reaction taking place, so that the results
are nearly always uniform. The real reducing agent, whether
sodium sulphite or bisulphite is used may be regarded as sulphur
dioxide, SO,, which is oxidized to the higher form SO, and
the corresponding salts the sulphates. The by-products in these
chrome liquors are therefore only sulphates and similar sub-
stances which play no part in the tannage.

Such liquors resemble very closely the liquors made from
chrome alum and soda and also those made by dissolving
chromium hydrate or oxide in sulphuric acid. They differ very
much from the liquors made by reducing bichromate by means
of glucose.

There are other ways of preparing one-bath chrome liquors
than the ones already described, but they are all modifications of
the two types of method. The main variation is the nature of
the reducing agent in the case of the reduced bichromate liquor,
which may be, in addition to those already cited, glycerine or
dextrine, which are organic, and almost any inorganic reducing
agent. In the case of the unreduced liquors the main variation
js in the acid combined with the chromium. It usually is sul-
phuric acid, but it is often hydrochloric acid, and may even be
an organic acid such as formic, acetic or lactic acid. When
the chromium salts of these latter acids are used, the basicity
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of the salt may be very much lower than with say chromium
sulphate or chloride to produce a good tannage.

It would take too much space to describe the individual pecu-
liarities of every single liquor, but the above may serve to show
the differences between the main types of one-bath liquors.

A more important question than that of the difference between
the various one-bath liquors, is that of the difference between the
one-bath process and the two-bath process. Something of the
fundamental difference was described in the introductory para-
graph.

The rough outline of the two-bath process is as follows: The
goods to be tanned are immersed in a bath of bichromate of
soda or potash, usually acidified with sulphuric acid. The sul-
phuric acid and the bichromate together form chromic acid as
already described. If acid is not added to the bichromate it is
usually because the skins themselves have been pickled with
sulphuric acid and salt and therefore carry into the bichromate
bath sufficient sulphuric acid to liberate the chromic acid from
the bichromate.

In all the variations of this first bath, the object is the same,
viz., the impregnation of the skins with chromic acid.

The second bath is always composed of some reducing agent
which converts the chromic acid into the trivalent form. The
most common material used in the second bath is “hypo” or
sodium thiosulphate, to which is added sulphuric acid. The
proportions are usually chosen so that one product of the re-
action has approximately the composition represented by the
formula Cr(OH)SO, which, as already pointed out, is a suitable
tanning salt.

The tanning salt may therefore be the same in both the one-
bath and the two-bath process, with the important difference,
of course, that in the former case the tannage proceeds gradually
from the outsides to the insides and in the latter case the tannage
occurs more or less momentarily and “in situ.” One important
difference that arises from this is that of speed. In the one-bath
process the tanning agent being basic is more or less colloidal,
and therefore penetrates the pelt only slowly compared with a
crystalloidal substance such as bichromate. (The more basic a
one-bath liquor the more colloidal is the tanning substance, and
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also the slower does it penetrate the pelt. The liquor can be
made so basic and so colloidal that not only will it refuse to tan
properly, but it will also precipitate on boiling or even on diluting.
On the other hand if the liquor be made only slightly basic or
even not at all basic, such as is represented by chrome alum alone,
the liquor penetrates very rapidly, but the tannage produced is
not only very slight but also very easily washed out again.)

In the two-bath process the materials are not used in the
basic or colloidal form, and they therefore, penetrate the skins
much more rapidly than basic chrome salts. Thus bichromate of
soda can be made to penetrate pelt in as many hours as it would
take days for a basic chrome salt to penetrate. Similarly hypo
will penetrate pelt rapidly, so that although there are two distinct
processes in the two-bath method, compared with only one in the
single bath method, yet the time occupied in carrying out the
former is less than in the latter. Against the apparent advantage
of greater speed in the two-bath process must be placed however,
the increased number of times the goods are handled, so that what
is saved in time may be lost in labor.

Another disadvantage of the two-bath process is its complexity.
The number of different reactions which can occur in the reduc-
ing bath is great. The relative proportions of bichromate, acid
and hypo (which may vary) influence the reactions which occur.
This subject has been very thoroughly investigated by Stiasny
and Das who traced very many possibilities. In the one-bath
process however, having once made the liquor and determined
the basicity, there is very little possibility of variation of tanning
properties. It is therefore possible to maintain the tannage quite
uniform not only in one lot of goods but also in successive lots.
The one-bath process thus possesses the great virtues of simplicity
and uniformity, which are particularly valuable where no elabor-
ate chemical control is possible. It ought to be pointed out, how-
ever, that there is one case of one-bath tanning in which even
or uniform tanning is not always obtained. If the liquor be made
very basic, to such a point say, that it precipitates on diluting or
warming, the tanning may be irregular. When pelt is placed in
such a liquor the outsides immediately are heavily tanned, and
the tannage may be so heavy that penetration becomes very slow
and difficult. The action is in fact similar to that which would
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occur if pelt were placed in strong vegetable liquors which are
very astringent. The outsides become overtanned while pene-
tration becomes almost stopped. In the case of the basic chrome
liquor, the liquor itself undergoes a change, with the result that
the pelt, particularly if it is stout, becomes tanned on the outsides
with a basic salt, while the liquor which penetrates is less basic.
The visible result is a difference in color of the cut section.

If a cut section be made in a thick place, it would be found
that the interior presented a light bluish cast, compared with
the darker greenish color of the outsides.

One successful plan to obviate this is to commence the tannage
in liquors not very basic and continue the tannage in liquors of

" gradually increasing basicity. The plan is somewhat analogous
to the method employed in vegetable tanning to start in mellow
liquors and complete in astringent liquors.

By starting in slightly basic liquors the tannage penetrates
evenly but lightly, and by completing in more basic liquors the
tannage is increased evenly throughout the section.

Perhaps the greatest difference between the one-bath and the
two-bath processes is due to sulphur. It has been pointed out
that the actual tanning agent may be the same in both cases, so
that any difference should be sought for, more in side reactions
than in the main reactions. One of these side reactions which
occur in the two-bath process but not in the one-bath process is
that between hypo and acid. Hypo is the commonest reducing
agent employed, and is used along with acid, generally hydro-
chloric. The main function of the hypo is, of course, to reduce
the chromic acid to a trivalent chromium salt, and most of the
hypo is so used up, but a side reaction between the hypo and
the acid always takes place, but to a varying extent, depending
upon the relative proportions, concentrations and temperatures.
In its simplest form the reaction may be represented thus:

Na,S,0, + =2HCI = 2NaCl 4+ SO, 4+ S
hypo hydrochloric  common salt  sulphur free
acid dioxide sulphur

Of the products of the reaction, common salt plays no part, the
sulphur dioxide is the reducing agent for the chromic acid, while
the sulphur is deposited in the free form. It is this sulphur
which produces the turbidity when the acid is added to the hypo
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in making up the reducing liquor. The sulphur is partly deposited
in the liquor, but also largely on the fibers of the leather, which
produces the main difference between one-bath and two-bath
tanned leather. The deposition of the sulphur on the grain of
the leather helps to make it whiter than one-bath tanned leather.
The deposition on the fibers helps to make the leather mellow and
soft by acting as a sort of lubricant by allowing the fibers to
slip over one another more readily.

It is usually held that it is this sulphur which causes the main
difference between the two classes of leather: it is not to be won-
dered at therefore that attempts have been made to apply some
process to one-bath tanned leather to deposit sulphur on the
fibers and so make the leather approximate to two-bath tanned
leather. Eitner has suggested a process which succeeds to some
extent. The method consists in treating the goods either before
or after tanning with alternate baths of hypo and acid. This
enables the reaction represented by the above equation to take
place so that free sulphur is deposited on the fiber.

Similarly Procter has suggested treating the leather in the wet
chromed state and without washing out the excess of chrome
liquor, with an excess of a solution of hypo or of an alkaline
polysulphide which will liberate free sulphur on the fibers.

The whole question of sulphur only arises when hypo or a
similar substance is used in the reducing bath. Other substances
have been recommended for this purpose from which no sulphur
can be deposited. For instance, bisulphite of soda is now very
widely used in place of hypo. In this case the reducing agent is
sulphur dioxide and no sulphur is deposited.

Leather tanned in this way is more similar to one-bath tanned
leather than when hypo is used.

Since the reduction in the two-bath process takes place in
contact with the pelt, it follows that the reducing agent must be
able to work in the cold, because a high temperature would be out
of the question. The organic reducing agents such as glucose,
cane sugar, glycerine, which can be used in making a one-bath
liquor, cannot be used for reducing in the two-bath process, be-
cause they will only reduce the bichromate or chromic acid at
a temperature higher than that which pelt will withstand.

It will be seen from the foregoing that the one-bath process is
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not only more simple than the two-bath process, but is more
uniform in its results and is capable of such modifications that
it is possible to produce most of the effects of the latter process,
and it is not surprising therefore that the two-bath process is
gradually being ousted by the one-bath process.

ABSTRACTS.

The Chemical Composition of Lime-sulphur Animal Dips.—RoBerT M.
CHAPIN. U. S. Dept. of Agri.,, Bulletin No. 451. The reactions which
determine the composition of lime-sulphur solutions made by boiling
lime and sulphur in water are numerous. Some of them are reversible,
the points of equilibrium varying with temperature, with concentration
and also with other conditions. The effect of varied conditions of
preparation upon the resulting solutions was noted. Thus, the ratio of
lime to sulphur, the amount of water used for boiling and the time of
boiling were all varied and the solutions analized. A general idea of
their composition may be obtained from the following example: A liquor
was made by boiling 45 parts CaO, 100 parts S and 515 parts water under
a reflux condenser for 1 hour; cooled in an atmosphere of coal gas (which
had been passed through sodium hydrate) and then stored in a tightly
corked bottle for 2 months. The clear liquor contained (in grams per
100 cc.) 3.26 per cent. S as thiosulphate, 0.05 per cent. S as hydrogen
sulphide, 3.04 per cent. S as monosulphur and 11.67 per cent. S as poly-
sulphur. The value found X in the M.Sx present, is 4.84, or roughly s,
and the molecular ratio of M:Sx to M.S,0, is 1.86, or about 2.

For the estimation of available lime in the sample used for these ex-
periments, the author found the method of Lindet and Brasart to be con-
venient. (Abstr. Journ. Soc. Chem. Ind. 1910. Vol. 29, p. 643.) The
available lime is dissolved in phenol and the solution titrated with standard
hydrochloric acid. D. Mc. C.

Some New Methods for the Analysis of Lime Sulphur Solutions.—
RoserT M. CHAPIN. Jowurnal Ind. & Eng. Chem., 1916, Vol. 8, p. 151.
The article deals with the analysis of solutions used for dipping cattle
and sheep. The solutions are made by boiling various proportions of lime
and sulphur in water and usually contain from 1.5 per cent. to 2.0 per cent.
of sulphur as sulphide. The ordinary method of determining the alkalinity
of such liquors consists of titrating the clear settled solution with standard
hydrochloric acid until the characteristic yellow color has gone, adding
metlyl orange or congo red and completing the titration to a definite end
point. Addition of the indicator is delayed as long as possible, as the
color is rapidly bleached or absorbed by freshly precipitated sulphur.
This method fails when applied to liquors which have been frequently
used for dipping, on account of the interference of the dissolved organic
matter. The writer suggests the use of sodium nitroprusside as external



ABSTRACTS 39

indicator in such cases, taking advantage of the fact that this compound,
in the presence of hydrogen sulphide only develops a violet color in
alkaline solution. As the neutral point is approached, the violet color
produced by the titrated liquor and the indicator becomes very faint. The
end point is finally shown by the failure of a dirty green turbidity (in no
way resembling the original violet) to appear within 15 minutes of quiet
standing in diffused daylight. No claim is made as to the utility of the
method for any other purpose than the titration of lime sulphur solutions
and it is pointed out that it does not give satisfactory results with aqueous
sodium sulphide solutions.

Soluble sulphides are determined by an interesting method based upon
the reaction represented by the equation: MaSx + M:S(Os =2 M.S;0; + xS.
The sulphide solution is made alkaline with ammonia and titrated with
N/20 sodium tetrathionate using either nickel sulphate or sodium nitro-
prusside as external indicator, until no trace of sulphide remains. At the
end point, nickel sulphate shows a color changing from faint gray to
bluish grecn, the end point being much sharper than can be obtained when
a metallic salt solution is used as titrating agent. When a very dirty lime-
sulphur solution is dealt with, sodium nitroprusside is preferred as indi-
cator. Using the former indicator a correction of 0.2 cc. is added to the
titration ; with the latter 0.4 cc. is added. The addition of varying amounts
of sodium hydrate and ammonia to a given lime-sulphur liquor produced
no appreciable effect on the titration results.

A N/20 sodium tetrathionate solution is prepared by adding N/10
sodium thiosulphate to N/10 iodine until the yellow color is just dis-
charged, the final portion of thiosulphate being added from a burette.
As sodium tetrathionate decomposes slowly in solution it should be pre-
pared shortly before using. D. Mc. C.

The Indian Tanning Industry.—Jjour. Royval Society of Arts, Nov. 9,
1917. Speaking in the Imperial Legislative Council on September sth, the
Viceroy, Lord Chelmsford, said that in order to meet the war office de-
mand for, leather tanners in India, orders have now been given on a scale
that has encouraged them to reform their methods, and by having to work
regularly to a rigid standard of high quality a striking improvement has
already taken place. The Munitions Board, with the generous consent
of a group of Central Indian States, has taken over the tannery at Maihar
to test new tan stuffs, new combinations of known materials, new proc-
esses, and the manufacture of concentrated tan extracts. Those results
which on an experimental scale appear to be successful are being tested
on a commercial scale at the Allahabad tannery, recently purchased for
the purpose. The results, as they become established, will be published for
the benefit of tanners in other parts of India. A certain number of
students are already being entertained as apprentices, and it is hoped later
on to develop this side of the work by the formation at Allahabad of an
institute in which the scientific aspects of tanning will be taught in con-
junction with practical work on a commercial scale in the tannery itself.
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Paper from Spent Bark.—Journal Royal Society of Arts, Nov. 9, 1917.
The Leather World draws attention to a new use of spent wattle bark.
It appears that the Imperial Institute authorities are highly satisfied with
the result of tests, undertaken in the Institute laboratories, concerning
the suitability of Natal wattle bark (after it has been discarded by the
tanners) for the manufacture of paper. These tests, which were on a
small scale, demonstrated that a good quality brown paper can be manu-
factured from the spent bark. This paper bleaches readily to a cream tint,
and has been pronounced eminently suitable for newspaper purposes, and,
with further treatment, may make serviceable writing paper. The Institute
authorities have interested several large paper mills in these discoveries,
and large-scale tests are now proceeding to confirm the experiments on a
commercial basis.

Tanners Seek Hides of Sharks and Porpoises.—Commerce Reports. As
a result of the policy adopted by the United States Bureau of Fisheries
of furnishing the skins of sharks and other fishes to persons who wish to
experiment with these products, more than 40 tanners have had an oppor-
tunity to give them a trial, and several companies are now in the market
for the raw hides of sharks and porpoises.

The bureau recently revised its circular on the subject of skinning sharks
and curing and boxing the skins for shipment, and has added illustrations
showing where the cuts should be made in taking off the skin and giving
an outline of a skin properly taken off. This information, together with
the statement that tanners desire to obtain the raw materials, is being
communicated to fishermen, and the latter are being urged to furnish the
tanners with supplies. The names of tanners and the prices they are
willing to pay are included in the circular.

Some cabinet makers in this country still use the skins of certain sharks
for polishing purposes. The skins that heretofore have been used are
those of one of the European sharks. The Bureau of Fisheries is now
determining whether the skins of some of the sharks on our own coasts
are not equally well suited for this purpose.

Comparative Tests in Chemical Glassware.l—/jour. Ind. & Eng. Chem.,
Dec. 1917. The cutting off of imports from Germany and Austria has
forced us to rely upon American manufacturers for practically our entire
supply of glass beakers and flasks. In order to give chemists some in-
formation as to the quality of this ware, the Bureau of Standards has ex-
amined five brands of American-made ware in comparison with the two
best known wares of European make.

The tests included chemical analysis, determination of coefficient of
expansion, refractive index, condition of strain, resistance to repeated
evaporation, to heat, and to mechanical shock, and resistance to chemical
reagents.

In all cases beakers and flasks approximating in size the 400-cc. Jena

1 Published by permission of the Director of the Bureau of Standards. An abridge-
ment of a longer and more complete publication tobe issued by the Bureau of standards.
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beaker and flask were used. All the ware tested bore permanent trade
marks. From 45 to 50 beakers and flasks of each ware were secured for
this series of tests.

Table I gives the composition of the different wares tested.

Details regarding the methods of analysis, weight and size of pieces
tested, coefficient of expansion, refractive indices, and condition of strain
will appear in a publication of the Bureau of Standards and are not given
here, since little information bearing on the suitability of the various
glasses for laboratory use can be obtained from these results. The Pyrex
ware has low coefficient of expansion and refractive index.

The evaporation test, which was made only on beakers, consisted in
repeated evaporation to dryness of sodium chloride solution with ex-
amination for cracks after each evaporation. None of the wares developed
cracks after twelve evaporations.

One of the heat shock tests consisted in filling the beakers with cold
water, which was then rapidly heated to boiling. Other tests included the
plunging into ice water of vessels containing boiling water, paraffin at
150° C., and paraffin at 200° C., and the dropping of beakers bottom down
upon a thick board from heights increased by intervals of 5 inches.

The solubility tests were made by determining the loss in weight of
pieces of the wares upon treatment with water and various solutions com-
monly used in the laboratory. With water on beakers the action was con-
tinued about 72 hours, the water being heated about 24 hours; on flasks,
the action was continued about 17 hours, keeping the water boiling during
5 hours; with mineral acids, solutions containing sodium chloride and
sodium nitrate were mixed with a large excess of sulfuric acid, boiled and
heated for an hour after fumes of SO, appeared. With sodium and potas-
sium carbonates and hydroxides and sodium phosphate half-normal solu-
tions were boiled for 20 minutes in the vessels and in the case of beakers
fresh half-normal solutions were subsequently evaporated in the same
beakers. With ammonia, strong ammonia was allowed to stand 24 hours
in the vessel, then diluted and boiled for 30 minutes. With ammonium
sulfide and chloride, mixtures of twice normal salts were allowed to stand
in the vessels 24 hours, then boiled for 30 minutes.

Table II shows the results of heat and mechanical shock tests. Figs. I
to 1V show the effects of the various reagents on the wares tested. In
these figures individual accepted determinations are shown by dots, deter-
minations which are believed to be in error and therefore omitted from
the averages by circles. The lengths of the rectangles indicate the aver-
ages of accepted values. The letters K, M, P, J, N, F, and L indicate
Kavalier, M. E. G. Co., Pyrex, Jena, Nonsol, Fry, and Libbey, respectively.

Table III gives a general summary of the resistance to the various solu-
tions and to mechanical and heat shock of the wares tested. In this table
the numerical exponents indicate the minor differences in resistance, the
lowest number being the most resistant. The absence of an exponent in-
dicates that the differences in resistances are too small to justify any
differentiation between the wares graded in the same group. In the rating
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of resistance to caustic alkalies the boiling tests only have been considered.
These results indicate that all the American-made wares tested are
superior to Kavalier and equal or superior to Jena ware for general
chemical laboratory use.

TABLE 1II.—GENERAL SUMMARY OF TESTS.

Ammo-
nia and
Car. ammo- Me-
Mineral bonated Caustic miun Heat chanical
Resistance to Water acids alkalies alkalies salts shock  shock
Kavalier .......... Poor Good Poor Good? Good® Poor Poor
M. E. G. Co....... Good® Good Good! Good! Good Poor Poor
Pyrex............. Good?’ Good Good® Fair Good Good' Good*
Jena ......... .... Good* Good Good’? Fair Good Good*® Pair
Nonsol............ Good® Good Good! Fair Good Good? Fair
Fry «.cooveviiien Good* Good Good? Fair Good Poor Good
Libbey ........... Good! Good Good® Fair Good Good? Good

_* Far superior toany of the other wares

Ostrich Skin Leather.—H. & L., November. The article shows a photo-
graph and gives a description of bark-tanned ostrich skin. This leather
was tanned by a firm in Scotland. In texture and thoughness it resembles
pigskin leather. It is however marked with dark spots where the large
feathers have been pulled. The average skin contains about 10 square feet
that can be used and runs from 1 to 114 millimeters in thickness. It can
be used for fancy leather goods and for upper leather in shoes.

Vegetable 0il Industry in SaoPaulo, Brazil—Consul C. L. Hoover in
Commerce Reports. This industry has largely developed as a result of
the war.

The largest growth is in cotton seed oil. Large quantities of cotton are
grown in this State and the seed which used to be wasted is now being
worked up for oil. As a consequence the importations into the State have
dropped from 2,000,000 pounds before the war to practically not any in
1917.

The demand for castor oil for use in aeroplane motors has stimulated
the production of this oil. The castor bean grows wild and is so per-
sistent that it was regarded as a pest. Consequently great quantities of
this bean are available for oil making. Linseed oil and peanut oil are
also now being made in small quantities. Peanuts grow wild in this State
and there are almost unlimited supplies of these nuts available.

The forests of this State produce an immense variety of oil-bearing
nuts. The cashew nut is perhaps the best known of these, but others are
equally valuable for their oil. One, called the “unuba” nut, is 60 per cent.
vegetable tallow; and another, called the “babasu,” also contains 60 per
cent. of oil. A babasu nut will burn for half an hour if a match is touched
to it. Its kernel is much like copra and is excellent for soap making.
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THE CHEMICAL SERVICE SECTION OF THE NATIONAL
ARMY.*

The importance of chemistry in the conduct of the war has
received a gratifying endorsement from the war department in
the establishment of a new division attached to the general staff
and designated the Chemical Service Section of the National
Army.

The two immediate purposes to be accomplished by the forma-
tion of this division are, first, the unification and more compre-
hensive development of the various research activities now being
conducted for the war department, and second, the creation of
a chemical organization, complete in personnel and equipment,
for service with the American Expeditionary Forces in France.

The most significant feature in the formation of this section

*J. 1. E. (., Jan., 1918.
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is the growing appreciation on the part of the heads of the de-
partments of the army of the value and necessity of chemistry
in modern warfare. General Pershing has urgently requested
that a chemical unit be organized and sent to France at the
earliest possible moment to care for the emergency problems of
vital importance which are constantly arising in the conduct of
the war. Both the personnel and laboratory equipment of this
force are being prepared upon the basis that the American armies
in France have a right to the service of our ablest scientific minds
and the most complete and adequate facilities for the work which
it is possible for the United States Government to supply.

This chemical unit will serve as adviser to General Pershing
on all chemical matters pertaining to the war, and will be at-
tached to his staff through Colonel A. A. Fries, head of the Gas
Warfare Division. It will also act as the chemical eyes of the
unit in this country, transmitting information relative to chemical
problems of the war to the men at work here. Able scientists
throughout the country have responded eagerly to this call to
national service. The unit will probably have sailed by the time
this issue appears. The following have been recommended for
commissions :

LiEUTENANT-COLONEL
Raymond F. Bacon.

Majors
William A. Hamor, Gilbert N. Lewis.

CAPTAINS

H. H. Hanson,
J. H. Hildebrand,

F. G. Keyes,
B. H. Nicolet.

FirsT LIEUTENANTS

Argo,
Cretcher,

W. L.
L. H.
A. R. Norton,

Allen Abrams,
L. H. Ashe,
N. F. Hall,

R. B. Hall,

J. J. Hast,

A. H. Hooker, Jr.,
J. W. MacNaugher,

L. V. Walker.

SECOND LIEUTENANTS

P. R. Parmelee,
J. K. Senior,
T. D. Stewart,

D. H. McMurtie,
H. W. Nichols, Jr.,
A. R. Olsen,

E. B. Peck,

G. S. Skinner,

C. B. Spofford, Jr.,
P. G. Woodward.
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About twenty-five enlisted men, including some of the best of
the younger chemists of the country, make up the remaining
personnel as at present organized. The names of these enlisted
men are not yet available; they will be published in a future
issue. As the work develops, more men will be added so that
the laboratory will be in position to solve quickly the many
problems which the constant changes in the methods and muni-
tions of the war introduce. .

In order that the information collected by this force of scientific
men may be of the greatest aid to the research work now being
conducted in this country, Dr. William H. Walker, of the Massa-

_chusetts Institute of Technology, has been commissioned a Lieu-

tenant-Colonel, and will have charge of the unification and co-
ordination of many lines of research now being so ably carried
on here. It is not expedient to discuss the activities of these
research groups, but it is gratifying to know that real progress
is being made in practically every field.

The organization of this Chemical Service Section will pro-
vide a means by which men drafted into the service, and having
special research ability, may be enabled to serve the country as
scientists in a way which will produce results of the very high-
est value.

DISINFECTION REGULATIONS.

Special Order Prescribing Methods for the Disinfection of Hides, Skins,
Fleshings, Hide Cuttings, Parings, and Glue Stock, and Other Animal
By-products, Hay, Straw, Forage, or Similar Material Offered for
Entry into the United States, and the Containers of Glue Stock, Bones,
Hoofs, and Horns so Offered for Entry.

UNITED STATES DEPARTMENT OF AGRICULTURE,
Bureau of Animal Industry,

District of Columbia, December 14, 1917.
In accordance with the provisions of the United States Treasury
Department and Department of Agriculture Joint Order No. 2 of
October 15, 1917, “Regulations governing the sanitary handling
and control of hides, fleshings, hide cuttings, parings, and glue
stock, sheepskins and goatskins and parts thereof, hair, wool, and

- — — p——
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other animal by-products, hay, straw, forage, or similar material
offered for entry into the United States,” the following methods
for the disinfection of the above-named materials and articles
are hereby prescribed, effective January I,. 1918,

I. DISINFECTION OF HIDES AND SKINS PRIOR
TO SHIPMENT.

Hides and skins disinfected prior to shipment as provided by
regulation 1, Section I, of said Joint Order No. 2, must be dis-
infected by one of the following methods:

(a) By immersion for not less than 24 hours in a 1 to 1,000
bichloride of mercury solution.

(b) By immersion for not less than 20 hours in a solution
containing 2 per cent. absolute hydrochloric acid (hydrogen
chloride) and 10 per cent. sodium chloride.

(¢) By immersion for not less than 4o hours in a solution
containing 1 per cent. absolute hydrochloric acid (hydrogen
chloride) and 10 per cent. sodium chloride.

(d) By immersion for not less than 24 hours in a solution
containing I per cent. formic acid, and mercuric chloride in the
proportion of 1 part to 2,500 parts of the solution. Hides or
skins treated by this process shall be held for 2 weeks following
the treatment before neutralization.

(e) By dehairing and pickling in a solution of salt containing
a definite percentage of mineral acid, and packing in barrels or
casks while still wet with such solution, provided the hides or
skins are not neutralized within 30 days after being so packed.

II. DISINFECTION OF HIDES AND SKINS AFTER
ARRIVAL IN THE UNITED STATES.

Hides and skins required by regulation 1, Section 2, and regu-
lation 2 of said Joint Order No. 2 to be disinfected on arrival at
a United States port of entry shall be moved to an approved
warehouse at such port or in sealed cars or containers to an
establishment having proper facilities for their sanitary control
and disinfection. They shall be stored and handled prior to
disinfection in compartments set aside for that purpose, and all
hides and skins stored or handled in such compartments shall be
treated in accordance with the following rules:

1. All dust, litter, or waste arising from sorting, cutting, hand-
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ling, or moving said hides or skins prior to soaking, shall be
burned or disinfected by exposure to a temperature of not less
than 100° C. (212° F.) moist heat for not less than 15 minutes.

2. The hides and skins shall be subjected to disinfection by one
of the following methods:

(a) By immersion for not less than 20 hours in a solu-
tion containing 2 per cent. absolute hydrochloric acid (hydro-
gen chloride) and 10 per cent. sodium chloride.

(b) By immersion for not less than 40 hours in a solu-
tion containing 1 per cent. absolute hydrochloric acid (hydro-
gen chloride) and 10 per cent. sodium chloride.

(¢) By immersion for not less than 24 hours in a solu-
tion containing 1 per cent. formic acid, and mercuric chloride
in the proportion of 1 part to 2,500 parts of the solution.
Hides or skins treated by this process shall be held for 2
weeks following the treatment before neutralization.

(d) By immersion for not less than 48 hours in a 1 to
1,000 bichloride of mercury solution. ’

(e) By immersion for not less than 6 days in a 1 to 5,000
bichloride of mercury solution, plus not less than 5 days in
lime of the usual strength for dehairing.

or, in lieu of disinfection by one of the foregoing mentioned
processes, the effluent shall be subjected to treatment by one of
the following methods:

(f) Heat the effluent from soak vats, mill-drums, break-
ing machines, or other similar equipment, to a temperature
of 100° C. (212° F.) and maintain at that temperature for
at least one minute.

(g) Treat the efluent from soak vats, mill-drums, break-
ing machines, and other similar equipment with chlorine, in
such manner and in such amount (not less than 250 parts
per million) as to secure efficient disinfection.

(h) Subject the effluent from soak vats, mill-drums,
breaking machines, and other similar equipment, to filtration,
the effluent from the filters to be treated with chlorine in
sufficient amount and in such manner as to secure efficient
disinfection, provided, however, that in this method of treat-
ment the sludge which collects on the filters shall be sub-
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jected to disinfection by heating at a temperature of not less
than 100° C. (212° F.) for not less than 15 minutes.

(i) Treat the efluent from soak vats, mill-drums, break-
ing machines and other similar equipment with 50 parts of
chlorine per 1,000,000 parts of effluent and heat at not less
than 80° C. (176° F.) for not less than 30 minutes.

() In the case of sheep skins and goat skins, until

- further notice, by immersion for not less than 12 hours in
a solution of milk of lime containing the equivalent of 5
per cent. of calcium oxide (CaO).

"+ III. DISINFECTION OF GLUE STOCK.

All fleshings, hide cuttings, and parings or glue stock shall be
moved from the port of entry to an establishment having proper
facilities for the sanitary control and disinfection of such ma-
terials, in cars or approved containers sealed with either depart-
ment of agriculture or customs seals, and upon arrival at the
establishments, disinfected before removal therefrom by one of
the following methods:

1. By heating in water at a temperature of 100° C. (212° F.)
for not less than 15 minutes, or by heating in water at a tempera-
ture of not less than 82° C. (180° F.) for not less than 4 hours.

2. By soaking in milk of lime or lime paste for not less than
24 hours.

3. By soaking in water containing not less than 2 per cent. of
absolute hydrochloric acid for not less than 20 hours.

4. By soaking in water containing not less than 1 per cent. of
absolute hydrochloric acid for not less than 40 hours.

IV. DISINFECTION OF BONES.

1. All hornpiths and porous bones classed as glue stock must
be moved from the port of entry to an establishment having
proper facilities for their sanitary control and disinfection, in cars
or approved containers sealed with either department of agri-
culture or customs seals, and upon arrival at the establishment,
disinfected before removal therefrom, as provided for glue stock.

2. Bones with pieces of hide or tendons attached and all other
bones not otherwise provided for shall be moved from the port
of entry to an establishment having proper facilities for their
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sanitary control and disinfection, in cars or approved containers
sealed with either department of agriculture or customs seals,
and upon arrival at the establishment, disinfected before removal
therefrom by one of the following methods:
(a) By heating in water at a temperature of 100° C.
(212° F.) for not less than 15 minutes.
(b) By heating in water at a temperature of not less
than 82° C. (180° F.) for not less than 4 hours.

V. DISINFECTION OF HOOFS AND HORNS.

Hoofs and horns shall be moved from the port of entry to an
establishment having proper facilities for the sanitary control and
disinfection of such materials, in cars or approved containers
sealed with either department of agriculture or customs seals,
and disinfected before removal from the establishment by heat-
ing in water at a temperature of not less than 74° C. (165° F.)
for not less than 15 minutes. Bones removed from horns and
hoofs that are required to be disinfected, shall be handled as
provided for glue stock.

VI. DISINFECTION OF CONTAINERS OF GLUE
. STOCK, BONES, HOOFS AND HORNS.

Containers of glue stock, bones, hoofs and horns, which under
the provisions of regulations IIT and IV of Joint Order No. 2,
are required to be disinfected, shall be handled as follows:

(a) The containers shall be burned, or

(b) The containers shall be subjected to moist heat at
a temperature not less than 100° C. (212° F.) for not less
than 15 minutes.

VII. DISINFECTION OF HAY, STRAW, ETC.

Hay, straw, or similar materials, shall be placed in a compart-
ment made tight by sealing all crevices therein and then subjected
to treatment with formaldehyde gas applied as follows:

The formaldehyde gas shall be generated from solutions of
formaldehyde containing not less than 37 per cent. actual formal-
dehyde by pouring the formaldehyde solution on to pulverized
potassium permanganate, the formaldehyde solution and the
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potassium permanganate being employed in the proportion of 20
ounces of formaldehyde solution by weight and 16-2/3 ounces of
potassium permanganate by weight to each 1,000 cubic feet of
space in the compartment to be disinfected. Bales of hay, straw,
or other material shall be piled in block so that not more than 6
inches of any surface of the bale is in contact with another bale,
or if deemed necessary by the inspector, the bales shall be broken
and the straw or hay loosened, so that a satisfactory penetration
of the formaldehyde gas may be obtained. The disinfection with
formaldehyde gas shall be carried out in compartment in which
the temperature is not less than 65° F.
J. R. MOHLER,
Chief of Bureau of Animal Industry.
SOLE LEATHER ANALYSIS.* :
By Oskar Riethof.

In the last few months many sole leather tanners who never
did so before have had their leather analyzed in order to see how
their stock compares with the army specifications.

There is no difficulty in comparing the results of a sole leather
analysis with the Government limits; but a complete leather
analysis is and should be of great interest in many other respects.
The chemist of a large corporation with a well-conducted labora-
tory believes it his duty to assist the tanner in making the best
possible use of every analytic report leaving his desk, and, in
fact, he will be very much pleased to give any further information
desired, because it stimulates him to greater efforts when he sees
that the results of his work are put to good practical use. The
smaller concerns that employ the services of a leather trades
chemist only occasionally are often satisfied to get the reports,
without comment. If the report of an analysis is not fruitful in
the hands of the tanner, the chemist cannot be blamed, because
he cannot be expected to know whether or not his customer’s
training enables him to make full use of the different figures of
the report. He will not volunteer advice for fear of offending
the tanner, and will confine himself to such information as is
requested. In such a case the chemist is in the same predicament
as the man who attempts to write for publication on a general

* Hide and Leather, Jan. 5, 1918,
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technical subject, like the writer of this article. He will always
be afraid of saying something that everyone knows, or ought to
know, and will feel like apologizing after every line. It thus
happens that we have ample opportunity for reading articles on
the most difficult subjects, but are often unable to find any in-
formation in regard to the most common problems.

ANALYZING AN ANALYSIS.

In the following lines we will try to “analyze” an analysis of
vegetable-tanned sole leather in order to show what the various
items of a report really mean, and what can be learned from
them in regard to the character of the leather in question.

The report blanks used by the members of the American
Leather Chemists Association are quite uniform, in some instances
varying only in detail. This non-conformity may be eliminated
in the near future by a concerted action of the American Leather
Chemists Association.

The results of the analysis of American standard tannages
are, on the whole, confined between surprisingly narrow limits,
showing that all over the country standard processes seem to be
in use.

Below is given a type analysis of oak and union leather, upon
which we will base all further explanations.

LEATHER AS RECEIVED.

Per Cent

MoisSture ..o e e eaa 10.50
L 1 3.00
Insoluble ash ...........cciiiiiiiiiiiiiiiiiiinnnnn.s .20
" Hide Substance ..............ceveiiiiniinininieninnnns 34.50
Combined tannin ............cciiiiiiiiiiiiiiiiininn, 27.60
Uncombined tannin ..............cciiiiiieiiinnninn, 10.40
Soluble non-tannins ..............0iiiiiiiiiiieiie., 13.80
100.00

Total ash ...c.oviiiiriiiiiiiii ittt eeeaaaians 1.50
Water soluble material ...................ccovinunn. 24.20
Degree of tannage ..........ccvviieiivieennnninnanns 80.00
Leather substance ............cccvivviiiirinnennnnnn. 62.10
Sugar as glucose ..ottt 4.00
Magnesia as Epsom Salts ...............cccvvnenn... 3.00
Free acid as sulphuric ........cooovviiiiiiiiinnnnnnn. .50

Specific gravity .....iiiiiiiiiiiiiiiiiiiii i 1.02
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ARMY SPECIFICATIONS.

It will be seen that the above analysis conforms with the newest
army specifications of October 16, 1917, which are as follows:

“Moisture not to exceed 14 per cent., ash not to exceed 2 per
cent., oil and grease not to exceed 5 per cent. nor less than 2
per cent., free acid not to exceed 1 per cent., water solubles not
to exceed 30 per cent., glucose and magnesia present (the latter
calculated as Epsom salts) shall not be more than 30 per cent. of
the total and that the Epsom salts present shall not be more than
50 per cent. of the total amount of glucose and salts. That in
form of bends, backs or sides the leather shall be sampled by
taking a cutting along the edge of the back, this sample to be 2
inches wide and not over 8 inches long; the center point of
sample shall be a distance of 24 inches from the root of the tail.”

It seems that since the publication of these modified specifica-
tions, tanners are sending to their chemists one oblong piece of
leather the required size. To the writer it seems preferable to
get several pieces cut from different hides, because this will
undoubtedly give a better average sample of the stock. Further-
more, the pieces should not be cut with square corners, since it
certainly does not improve the looks of a side to do so. It will
answer the purpose just as well to cut a crescent-shaped piece in
the same manner as tanners are accustomed, provided the piece
is 2 inches wide in the center.

MoiISTURE.

The percentage of moisture in leather that is properly dried
will hardly ever exceed the government limit of 14 per cent. It
will average about 10 per cent. and the laboratory will generally
show a somewhat lower percentage than the leather has in the
store room, because the sample will dry out some before it reaches
the laboratory. '

O1L.

The percentage of oil in leather is found by extracting a
weighed quantity of the finely ground sample, with petroleum
ether. From 2 to 3 per cent. of oil is the average found, and
this is generally sufficient to make the leather pliable and of
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good color, without causing oil stains. As the sample is taken
from the firmest part of the side, the softer parts naturally will
show a higher percentage of oil than the sample analyzed. With-
out a special request from the tanner, the chemist will not specify
the kind of oil found. But if desired, there is no difficulty in
giving the percentage of mineral oil.

The question of the influence of sulphonated oils on the quality
of leather, especially on its water resistance, is still open and
will not be dealt with at this time.

WATER SOLUBLES.

After the oil is extracted from the sample, the water soluble
materials are determined by soaking the leather over night, and
in the morning extracting the -soluble part with a certain volume
of water at 50° C,, in 3 hours. This extract contains the soluble
tannin and non-tannins, the latter including sugar and Epsom
salts. ‘The government maximum of 30 per cent. water solubles
is certainly high enough and will seldom be exceeded. The
average seems to be about 24 per cent.

LEATHER SUBSTANCE.

When we have determined the moisture, oil and water solubles
in leather we have the pure leather substance left, together with
such insoluble mineral matter as constitutes the insoluble ash.
All the above constituents, then, when added, will give a total of
100 per cent. The leather substance consists of the hide sub-
stance and the combined tannin.

INSOLUBLE ASH.

The insoluble ash is in most cases only about 0.2 per cent. If
it is much higher, it indicates that the leather was weighted with
insoluble salts like barium sulphate, lead sulphate, kaolin, etc.,
and the chemist, if requested, will be able to tell the reason for
the abnormally high value.

HipE SUBSTANCE.

The percentage of hide substance is of very great interest, be-
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cause we can draw conclusions as to the yield of a certain leather
—the higher the percentage of hide substance, the lower the yield.
Well tanned sole leather will show between 32 and 40 per cent.
hide substance, depending to a great extent upon the degree of
filling.

A great number of leather analyses collected by the writer from
different sources® seem to indicate that the average so-called oak
leather has the highest percentage of hide substance, followed
by union and hemlock leather; the yield therefore being in oppo-
site direction. But there are so-called oak leathers on the market
which show a higher yield than many union and hemlock tannages.

If the question arises as to whether or not some oak bark has
been used in tanning a certain leather, the chemist will be able
to give this information. He can also tell if sulphite-cellulose
extract has been used.

The analysis made from a sample takén according to the
government specifications does not represent the average of the
whole hide. This does not impair the value of the analysis,
however, because we will get comparative results no matter where
the sample is taken from, provided all samples are cut from the
same place. But it is important to remember this when drawing
conclusions from an analysis, and must be remembered by the
tanner, sole cutter or shoe manufacturer, who may send a block,
strip or cut sole to the chemist and attempt to compare the re-
sults of the analysis with those obtained from leather sampled
according to government specifications.

How great the difference in the same bend may be, depending
on where the sample is taken from, can be seen from the follow-
ing two sets of analyses of union leather, which represent the
average of a series carried on by the writer some time ago. The
samples marked “back” were taken from about the same place
as provided in the new government specifications, the shoulder
samples from the shoulder end of the bends and the belly samples
from the belly patt of the bends.

! This JOURNAL, July, 1917.
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I. LEATHER AS RECEIVED.
Back. Shoulder. Belly.

Moisture ......coviiiiiiiiiiiiiinn. 11.31 10.64 11.38
[ 1 2.33 4.30 3.97
Insoluble ash ...................... 18 17 17
Hide substance .................... 31.86 28.77 27.85
Combined tanmin ................ 29.61 30.78 29.20
Uncombined tannin ................ 8.79 888 8.69
Soluble non-tannins ................ 15.92 16.46 18.74

100.00 1CO.00 100.00
Specific gravity ........cc0iiiiinnnn 1.09 1.06 . 1.0§
Soluble ash .............c..oo0iut. 1.66 1.82 2.42
Water soluble material ............. 24.71 25.34 27.43
Leather substance .................. 61.47  59.55 §7.05
Degree of tannage ................. 93.00 107.C0 104.90

II. LEATHER AS RECEIVED.
Back. Belly.

Moisture .......cooviiiiiiieiniiiiieennnnn. 882 8.68
[0 ) P 3.12 4.86
Insoluble ash ..................cooviiinat, .20 .20
Hide substance ............................ 33.89 28.45
Combined tanmin ................c0vivinnnn. 31.80  29.49
Uncombined tannin ........................ 8.94 11.34
Soluble non-tannins ........................ 13.14 16.

100.00  100.00

Specific gravity ..........cciiiiiiiiiieen.. 1.03 .99
Soluble ash ..........ccooiiiiiiiiiiinn... 1.41 2.08
Water soluble material ..................... 2208 28.32
Leather substance .......................... 65.78  57.94
Degree of tannage ..............ccco0vennnn. 04.10 103.70

Similar experiments were carried out by Paessler, Appelius and
Manstetten,? Oberfell,® and others. Paessler found that the neck
gives the best average, and this is borne out by the results of the
other investigators.

ESTIMATION OF YIELD.

It would be futile to attempt to give a fixed rule for the rela-
tion between the percentage of hide substance of the back and
the average of the whole hide, because this will depend to a

? Ledertechn. Rundschau, 1910.
3 This JOURNAL, 1912, p. 27.
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certain degree upon the class of hide, the tanning process and
the extent of filling, but for a certain plant it is not very difficult
to establish the average percentage of hide substance in finished
leather. Once obtained, this figure is very useful for the estima-
tion of the yield a certain lot of hides should give. To do this
we have to know the percentage of white weight and the per-
centage of dry hide substance in the pelt. The last named figure
must be established for each plant separately, since it will be
influenced by the quality and temperature of the water, and to
some extent by the class of hides. '

The relation for the estimation of the yield is as follows:

Per cent. white weight X per cent. hide substance in pelt X 100

per cent. hide substance in finished leather = estimated yield.

Sometimes there will be a small difference between the estimated
and the actual yield, but on the whole it works out quite satis-
factorily.

DEGREE OF TANNAGE.

We mentioned before that the hide substance plus the combined
tannin gives the leather substance. The higher the ratio of com-
bined tannin to the hide substance, the better the leather is tanned.
Schroeder, the father of leather analysis, introduced the expres-
sion, “degree of tannage,” or “tannage number,” which expresses
the parts of tannin combined with 100 parts of hide substance.
For the backs of well tanned sole leather, this factor is ordinarily
between 75 and 85. In the looser parts of the side it is generally
considerably higher, as can be seen by comparing the results of
the back, shoulder and belly in the above stated analysis. This
again points out the necessity of cutting the samples from a cer-
tain well defined part of the hide.

TorAL AsH.

The total ash, as the name implies, consists of the insoluble ash
and the soluble ash, the latter forming part of the water solubles.
It may include in dry form magnesium salts, Glaubers salts and
any other salts that were present in the extracts, etc. As Epsom
salts contains about 50 per cent. water, and besides, loses more
or less sulphur trioxide in ashing, the ash figure may be com-
paratively low, even if the leather contains a considerable amount
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of Epsom salts. A high total ash, when the percentage of Epsom
salts is not abnormally high, indicates the presence of other
mineral matter, as Glauber salts, barium chloride and others.

SpPECIFIC GRAVITY.

The writer dealt with the value of the specific gravity figure
for judging sole leather in a paper published in this JourNAL,
September, 1915. To repeat its contents here and in a
few words, the specific gravity shows the relation between
volume and weight; or in terms of the sole cutter, the cutting
value. All other conditions being the same, the leather with the
lower specific gravity will cut cheaper. This certainly does not
take into consideration the result of grading the soles, as influenced
by the rolling, cuts, tick marks, etc.

It may be well to point out the difference in the specific gravity
of back, shoulder and belly as shown in the preceding table.

It is a matter of commendation that the sole leather specifica-
tions have been changed in September to what they are now,
because the low percentage of sugar and Epsom salts of the
former would have increased the specific gravity and so have
lowered the cutting value of such leather, without improving the
quality. There is no difficulty in making good sole leather with-
out using sugar and Epsom salts, and without loading with other
materials. But what such leather would cost per sole and how
it would work on our Goodyear machines is another question.
There was a time when the tanner who used salts and sugar
even in moderate quantities was considered a highway robber,
but fortunately such times have passed.

FREE AcID IN LEATHER.

The present methods for the determination of free acid in
leather are not very satisfactory. There are different methods
in use, every one of them giving reliable results under certain
conditions, but all break down under special conditions. The
Procter-Searle method is the one used by most chemists in this
country, but even conceding that it is better than some of the
others, the results must be noted with reserve.

The Government specifications limit the amount of free acid,

e p———— -—r
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mineral and oxalic, to 1 per cent. and such percentage seems high
enough to take care even of possible discrepancies in our present
methods.

Acknowledgment is hereby made of the valuable assistance of
Mr. Charles T. Gayley.

Richwood, W. Va.

PICKLING AND TANNING SHEEPSKINS.*
By H. A. Abbott.

The pickling process of all light skins before tanning becomes
more important every day. It is well to look upon it from two
standpoints—first, as a method of preserving the skins before
tanning; and, secondly, as an actual process in the tanning be-
tween the “wet work” and tanning proper. To follow the dry
imported sheepskin from the animal’s back to the time it reaches
the warehouse is to note that it is submitted to three separate dry-
ing operations, viz., in the place of its origin before packing into
bales; after de-wooling; and after tannage, becoming in the
“crust” state. Every process of,drying lessens the tenacity of the
leather.

The preliminary drying of the skins, before packing into bales
for export, cannot be avoided, and, of course, the drying to the
crust state is not so injurious because the tanned fibers have
greater resistance than the nontanned fibers. It is, however,
possible to avoid the drying after de-wooling, and this by means
of the pickling operation.

The ordinary process of making pickled sheepskins consists
of removing the wool with sulphide of sodium or other depilatory
compound, liming a few days in weak clean lime liquor, drench-
ing or puering, and then pickling with acid and salt. Usually
there is plenty of sulphide of sodium in the skins when they are
* put into lime, and as the lime and drench do not remove all the
sulphide, some is left in when the skins are pickled, and the acid
in the pickle, acting upon the sulphide, makes the skins tender.

The toughest skins are secured when the sulphide is entirely
removed before the liming process. The pelts are usually first

* The Leather World, Dec. 13, 1917.
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soaked in water containing borax until they are soft and clean,
then drawn and pressed until all the dirty water is got rid of,
otherwise imperfect grain is a result. Painting with the depila-
tory should be done very carefully to avoid any damage to the
wool, and the strength should be sufficient to get the wool off
with one application.

Market skins should be soaked as quickly as possible, and a
plentiful supply of soft water should be used; a running soak
gives the finest results. The chemicals that can be used for
facilitating the process, particularly in the case of dried goods,
are few, since due consideration must be taken of the fact that
many of those usually employed in the soaking of other. dried
skins—e. g., calf and goat—are not permissible in the case of wool
skins, owing to the destructive action on the wool fiber. Bisul-
phite of soda gives excellent results, and a safe quantity to use
may be reckoned at 4 pounds to 1,000 gallons of water, when the
soaking should be complete in 2 days.

Following the pressing, if necessary, additional softening can
be achieved by “breaking” the skins over on the beam, but this
should on no account be attempted before the goods are pliable.
After the wool has been removed dissolve 1 pound of bicarbonate
of soda in warm water for each dozen skins, and wash them in
a drum in this solution for 1 hour; then wash 2 hours in a paddle
wheel with clear water to remove all the sulphide. The skins
can now be placed in lime liquor; the lime should be weak and
clean, and can be used either in a paddle or pit, extending to 4
or 5 days. .

In the puering or drenching operation one runs up against
prejudices both for and against the use of animal excrement, and
puering substitutes. From whatever source the use of the former
originated, it is just as safe to say that the method in its appli-
cation is as successful as it is repulsive. However, to dogmatise
on this theme is to lose time. Each puerman may have his
speciality, but, after all, the ruling factor in either case is largely
the skill and judgment in their separate use. An alternative
course is drenching on the American plan by taking 50 pounds
of grape sugar and dissolving it in 18 gallons of hot water. Let
it stand in a warm room for 2 days to become soured. Heat
water in a paddle vat to 95° F., and add r pint of the solution
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for every 500 pounds of pelt; add also 1 gallon of lactic acid,
and stir the drench thoroughly. Paddle the skins for 3 hours in
this drench, and then wash thoroughly in warm water, and put
the goods into pickle.

In most methods of pickling, the skin is first submitted to the
action of an acid liquor to which salt has been added, and after
running in this bath for a variable time, it is treated in a very
strong solution of salt. To start a new pickle dissolve 40 pounds
of salt for every 100 gallons of water in the vat; then add 10
pounds of salt and 174 pounds of sulphuric acid for every 100
pounds of pelt, weighed after washing from the drench. Paddle
for 2 hours, then horse up for at least half a day. Formic acid
can be used instead of sulphuric. Put the skins into a weak acid
bath of 1 pound to 25 gallons of water, and leave until permeated
with it, then pass into a stronger solution.

The natural grease should as far as possible be removed while
the goods are in a pickled condition. Wringing and pressing are
the methods in common use. When it is advisable to remove the
acid, a drench of sour bran and salt should be used.

Skins treated as described tan rapidly and uniformly, and
when finished are tougher and of better color than skins hurriedly
rushed through the lime and drench, and pickled while they con-
tain considerable sulphide of sodium.

A well-tanned leather is obtained by tanning the skins in a
quebracho liquor to which some alum and salt have been added.
The sulphuric acid should be removed before the goods are placed
in the first liquor of the process. To make the first liquor take
350 gallons of water, and add to it enough dissolved quebracho
liquor of 6° strength, and the skins should be turned in this for
36 hours, the liquor then strengthened to 10° strength, and the
skins left in 2 days or until completely tanned.

The goods can now be washed and cleaned in a solution of
sumac (2 per cent. in sufficient water to drum nicely) for 14
hour. Onehalf per cent. of tartar emetic dissolved in hot
water is now added, and the leather drummed !4 hour
longer. For soft leather the skins can be fat-liquored, dried, and
finished as may be desired.
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FUR AND FUR DYEING.*

By B. R. Armour.
President of the American Aniline Products, Inc.

Furs and fur dyeing are most interesting subjects.

The very mention of furs conjures up visions of arctic wastes,
mountain crags, and tropical jungles, where tireless trappers
brave danger and death to snare the skins that wrap milady’s
white shoulders, or are trodden upon disdainfully by her careless
feet.

On the other hand, while not exposed to the hardships and
dangers of the trapper, the fur dyer also must know the homes
and habits of fur-bearing animals. With this knowledge, Mr.
Fur Dyer attains greater skill in handling the furs, and “the
leopard is made to change its spots.”

A writer of romantic fiction might obtain many a profitable in-
spiration by standing for a few hours in a fur dyer’s shoes, for,
prosaically enough, the dyer of furs may dip a skin in its chemical
bath, but, he may be holding in his hands the key to a story of
romance and adventure stretching from a Thibetian plateau to
the boudoir of a duchess.

The fur dyer is professionally a man of business concerned
with facts and formulas rather than with yearning visions of
romance, or lonely, wild, and faroff places. As it reaches his
hands the skin is a most unromantic object—hard, dry and drab.
It is his business to make of it a thing of beauty. In order to do
this, he must turn his attention from its romantic antecedents and
confine himself to technical processes. ‘“The length of time it
has been off the animal’s back” is a great factor in determining
the best method of dyeing a skin, but the greatest factor is “from
what part of the world did this animal come when enjoying life?”
Therefore, his imaginative excursions into the habitat of the
strange animal is made to determine which formula must be used
in dressing and dyeing the skins he is handling. A number of
these are necessarily preliminary to the actual dyeing, and the
_methods used vary according to the type and condition of the
skin. These processes are called fur dressing.

Opossum, raccoon and skunk are very greasy pelts. Therefore,

* Color Trade Journal, December, 1917.
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the grease is first scraped from the flesh side; then drummed for
several hours in damp saw-dust. Next put in a mixture of damp
saw-dust and salt over night. Next day the skins are moved to
the fleshing room and the excess flesh is scraped off. Now they
are pickled in a bath of sulphuric acid and salt so the skin will
be converted into soft, pliable leather. At the same time, this
pickling bath plumps (or fills out) the leather and care must be
taken that the leather is not made too thick, for, if too plump,
the leather will not be adapted to the scissors and the needles of
the garment maker.

The skins are then dried and again drummed in damp saw-dust.
As all the natural grease has been removed from the skins, it is
necessary to replace the natural with artificial grease in order to
make it soft and pliable. Therefore, they are next put in a
tramping machine containing grease, and such grease is tramped
or pounded into the leather. The skins are then drummed again
several times in damp saw-dust t6 remove all grease from the
hair.

As minks, wild-cat, Australian opossum, marmet and wallaby
are not as greasy as opossum, raccoon or skunk, it is unnecessary
to scrape the grease from the pelts. Otherwise, the dressing is
the same.

Rabbits are first soaked in water two or three days, then
fleshed, then pickled in a mixture of alum and salt and are then
ready for the dyeing operation.

It is here that the fur and the dyer establish their point of con-
tact. The colors used for fur dyeing are not colors in the ac-
cepted sense—but oxidation colors. That is, they are products
which develop on the fiber when treated in conjunction with such
oxidizing agents as ferric chloride, permanganate of potash, bi-
chromates, peroxide of hydrogen or any metallic salts. They per-
mit of the dyeing of furs in a cold or lukewarm bath to yield
fast brown or black shades ranging from the lightest tan to the
deepest blue black. Should by any chance the temperature of the
dye-bath be increased, the hair will be singed and the leather
burnt and the entire fiber of the skin destroyed. Of late, how-
ever, the more technical dyers have been able to overcome the
singeing of the hair by brushing with a solution of glycerine.
The hair, however, will return to its singed state in a few
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months. If the leather is not too far gone, a brushing with egg
yolk, sulphonated cod oil and glycerine will overcome the brittle-
ness to a slight degree. The tensile strength of the leather, how-
ever, is practically lost. The products used in the following
recipes are known as

Fur Brown P, yielding an intense reddish brown.

Fur Brown 2 G, yielding a yellowish brown.

Fur Black, yielding a dead black.

Fur Blue X, yielding a blue black.

Fur Black DB, yielding a blue black with an intense blue tone.
Fur Black DD, yielding a very deep blue.

It is impossible to give general recipes suited exactly for every
kind of fur, for, as before mentioned, the properties vary accord-
ing to the quality of the skins.

For instance, a recipe worked out to produce satisfactory re-
sults with foxes would produce most unsatisfactory results with
rabbits. Therefore, the proportions can be determined only by
trial. However, you will note peroxide of hydrogen is used in all
the following formulas, and a very good basis for the application
of hydrogen peroxide in proportion to color has been found to be
10 to 1. When in doubt use this ratio, for it can be varied when
necessary. Also note that without exception the dyestuff must
be thoroughly dissolved before adding the hydrogen peroxide, and
unless otherwise specified, the proportions given are based on a
2-gallon dye bath. :

All skins are “killed” before dyeing with such products as
bichromate of potash, bluestone, copperas, verdigris, caustic soda,
potassium chlorate, etc., and as usual, the methods vary according
to the type and quality of the skin.

When making tans or browns, it is advisable to mordant the
skins before dyeing with 14 ounce to 114 ounces of the bichro-
mate of potash and 14 ounce to 115 ounces of cream of tartar
according to the depth of shade required. The skins are im-
mersed in this bath at about 75° F. and kept there for about 12
hours, or better still, over night. After mordanting rinse lightly
or whizz. The skins are now ready to be entered into the actual
dye-bath. ‘
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A solution of
14 ounce Fur Brown P
1 gill hydrogen peroxide
14 tumbler ammonia
produces a light reddish brown, after the skins remain in the bath
about 6 hours.

1 ounce Fur Brown

14 ounce Fur Black

14 ounce pyrogallic acid

1 pint hydrogen peroxide

14 tumbler ammonia
produces medium to dark brown shades, according to the length
of time the skins remain in the dye-bath. After 3 hours a beau-
tiful medium brown is obtained, while the shade gradually be-
comes darker until at the end of 12 hours you have a full, rich,
dark brown. After dyeing the skins are rinsed for several hours
in running water.

Pyrogallic acid produces a rich yellowish shade, but is only
used for toning purposes. .

It should be noted that in such combinations as the last, that
since Fur Brown produces an intense reddish brown, pyrogallic
acid is added to throw the brown onto the yellow side, and the
Fur Black is used to darken the shade.

Of course, these combinations given above can be changed to
produce most any shade of tan or brown.

Fur Black is best employed by mordanting with bichromate of
potash and cream of tartar in the same proportions as used for
the tans and browns and then dyeing in a bath of

14 ounce to 114 ounces Fur Black
1 gill to 1 pint hydrogen peroxide
for about 12 hours at 75° to 80° F., rinsed, etc.

Fur Blue X without a previous mordant dyes angora a deep
blue black with an admixture of black in the following pro-
portion :

24 ounce Fur Blue X
14 ounce Fur Black
1 pint hydrogen peroxide
The dyeing operation is the same as for Fur Black.
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For this class of dyeing (angora) the recipes mentioned for
Fur Black and Fur Brown may also be recommended ; though, of
course, solutions must be varied according to shade requirements.

Furs such as marmet or opossum, for example, are best killed .

before dyeing either with lime or a soda solution. They may
then be rinsed and mordanted with a solution of 24 to 114 ounces
of copperas and 14 ounce cream of tartar and then dyed as above.
While such skins can be dyed without a mordant, such a mordant
as that given above greatly improves the finished material.

Fur Black DB and Fur Black DD are employed only when
particularly blue shades of black are desired. For these brands,
however, as in the case of Fur Blue X, it is essential that the
skins be mordanted or killed before dyeing.

Full shades of black of a bluish cast will be obtained by adding
14 to 24 ounce of Fur Black DB or Fur Black DD or Fur Blue
X and 1 gill to 1 pint of hydrogen peroxide to the regular Fur
Black formula.

Certain hairs of furs will not take fur dyes in a bath. These
must be tipped. For tipping a black shade, Fur Black only is
suitable. It is used in the proportion of 24 ounce Fur Black to 1
pint of water and 1 pint hydrogen peroxide; the latter being
added directly before using.

To produce brown shades by tipping, Fur Brown is used in
combinations. With solutions of 114 ounces to 5 ounces per
gallon a single tipping will produce an intense brown of a depth
which formerly was obtainable only by a long tedious process.
After tipping, the skins are placed in pairs hair side inward and
allowed to remain that way for several hours, after which they
are put in a cool place to dry.

A good soda bath for killing is made up by dissolving 2 pounds
of sal soda in about 1214 gallons (100 pounds) of water. The
skins are washed in this cold for 1 to 2 hours. A good soap
bath is obtained by dissolving 1 pound of soap in 12)4 gallons
(100 pounds) of water and adding 1 pound of ammonia. The
skins are washed in this for 1 to 2 hours and afterwards rinsed
in cold water.

For a lime bath dissolve 15 pounds of powdered sal ammoniac
and 434 pounds of sulphate of alumina to 50 gallons of hot or
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boiling water. To this add a solution of milk of lime which is
made by adding 50 pounds of quick lime to 100 gallons of water.
The milk of lime may be kept in a well-stoppered earthenware
vessel, but should be stirred before using.

To treat furs with this lime bath the hair side is painted with
a brush, and the operation is repeated twice or as often as is
necessary to remove the grease in the hair. The skin should then
be dried in a shady place as direct sunlight and too intense heat
rob the hair of its elasticity and make the leather hard. The
chalk dust remaining after the skins are dried is removed by
beating and brushing.

Fur dyeings possess the disagreeable property of staining lighter
materials with which they come in contact. This may be remedied
by the following inexpensive process, which will make the colors
absolutely fast.

The skins that have been dyed by steeping should be treated
in a fresh bath to which has been added 1/60 ounce to 1/20
ounce of. bluestone per gallon for light shades, or 1/12 ounce
bluestone for dark shades. After a bath of 6 to 8 hours the
skins are then rinsed and dried. For skins that have been
tipped use a 5 to 10 per cent. solution of bluestone, varying the
strength according to the depth of the shade. This is applied
with a brush after which the skins are dried and tumbled in
sand or saw-dust. If the application is correctly carried out
and care is taken to vary the strength of the solutions accord-
ing to the depth of the shade treated the tone of the dyeings
will not be affected. The use of too strong solutions in tipping
will change the shade entirely.

The rapid development in the production of fur colors in this
country is one of the achievements forced upon us by the war.
Before the war no fur colors were produced in America, for
the simple reason that the selling price was lower than the
possible minimum cost of manufacture. Germany sold to this
country her surplus of such intermediates at or below cost. It
is probable that she will resume this practice after the war. In
that case American manufacturers will be obliged to drop the
making of fur dyes. The ad valorem duty of 15 per cent. and
the special duty of 2% cents a pound imposed by the tariff law
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on this class of intermediates will not afford any effective pro-
tection.

It is argued by competent people that, in order to possess a
thoroughly self-contained industry, not dependent in any es-
sential upon foreign supply, this country must produce all the
materials that go to the making of her finished articles. There
is no questioning the desirability of such a condition. But it
must remain impracticable so long as American producers in any
line are not secured against a species of foreign competition
which it is impossible for them to meet.

In August, 1914, there were no fur colors made in America.
In October of that year we put up our plant, and in December
we began to manufacture. We have succeeded in duplicating
practically all the German fur dyes, without substituting; and
to-day the demand of American fur dyes is being satisfactorily
supplied. Created to meet an emergency, this particular feature
of the American dyestuff industry will assuredly disappear when
the emergency ends unless proper protection is accorded this
branch of the industry. The question remains whether in the
best interests of the industry it is well to allow it to disappear.

HISTORY OF TICK FIGHT.*

Advancing well beyond the half-way mark in freeing the South
from the cattle fever tick, removing the Federal quarantine from
cattle shipment in 70,754 square miles of nine Southern States,
driving a broad wedge of tick-free territory through the tick
lines to the Gulf of Mexico—the fight against the destructive
parasite must count 1917 as its greatest year so far.

December 1, when 65,520 square miles—the largest amount of
territory ever freed at one time—will be added to the liberated
areas, will be the greatest day in the campaign since it was
started actively in 1906, and it will be celebrated as such in the
States and counties to which it will signalize undeniably long
strides toward realization of the South’s merited position as a
cattle-raising country.

The governor of Mississippi, whose people have made their
State the first touching the Gulf to be entirely rid of the cattle

* Weekly News Leller, U. S. Dept. of Agriculture, Nov. 28, 1917.
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tick, has designated December 1 a day of rejoicing in the Com-
monwealth. A celebration at Jackson, the capital, and others at
county seats have been arranged. At these ceremonials congratu-
lations on the achievement will be received from the United
States Department of Agriculture and from governors of other
States. Celebrations of the same character are to be held in the
various counties freed from quarantine in eight other States—
Alabama, Arkansas, Florida, Georgia, Louisiana, North Carolina,
Oklahoma and Texas.

Faltering, slow, and uncertain at first, the advance against the
cattle tick in 11 years has gained such impetus that it now literally
is sweeping forward. There is now no doubt of final success
and there are great hopes that the goal of “a tick-free South in
1921,” which also will mean American territory entirely freed
from the parasite, will be realized.

Ticks LLonc HAVE INFESTED CATTLE IN SOUTH.

Cattle in the Southeastern Atlantic and Gulf States have been
infested with the tick since cattle first were introduced into those
regions. It is thought probable the ticks were introduced into
the country by cattle from Spanish herds. The history of the
tick in the South is largely a history of the agricultural life of
that section. In it are intertwined the great events of a century
or more that have attended the transformation of the South
from a wilderness into a wide and prosperous agricultural domain.

Ticks carry a fatal disease between cattle. Calves survive the
effect of it, but very few older cattle live long when attacked for
the first time. But for the fact that the calf that lives after the
attack becomes partially immune, there would now be no cattle
in the tick-infested portion of the South. Southern cattle always
have causeq disease among Northern cattle whenever they, carry-
ing ticks, have left their home territory and been driven into or
through adjoining territory. A notorious example of such driving
occurred after the Civil War when Texas and Indian Territory
cattle were driven into Colorado and Kansas, leaving death in
their trails for the native cattle. This caused the “cowboy wars,”
in which it was sought to turn the cattle back by force of arms,
and also caused the enactment of stringent State laws.

During these years of settlement the cattle tick had extended



HISTORY OF TICK FIGHT 71

northward until its distribution was about coincident with that
of cotton. From this vantage ground it was scattered by drive-
way and by rail into Northern markets and caused annual out-
breaks of Texas fever, as the disease was then called, throughout
the North. Legislation in various States sought to check the
disease at that time, but, owing to ignorance of the manner of
its spread, was powerless.

Finally, with the formation of the Bureau of Animal Industry
of the U. S. Department of Agriculture in 1884, the Federal
authorities, under authority of Congress, began the fight against
the tick. The bureau first sent out agents to define the line be-
tween infected and noninfected territory, and in the annual re-
ports of 1884 and 1885 several maps were published showing its
location. The first order defining and mapping the quarantined
infected territory was published in 1889. The driving or trans-
porting of cattle from the infected to the free territory was for-
bidden, except for a short season in winter and except for im-
mediate slaughter when transported by rail or boat and discharged
into quarantine pens at certain recognized slaughtering centers.
This constituted a quarantine which has existed with timely modi-
fications ever since.

The beginning of tick eradication is traced to a meeting of the
Commissioners of Agriculture of the cotton-growing States held
in Raleigh, N. C,, in 1899, when the North Carolina commissioner
directed that the State’s aim to improve the cattle industry by
tick eradication be presented. From this beginning until 1906,
12 counties in North Carolina had been released from quarantine.
The association of the Commissioners of Agriculture and various
allied organizations, influenced by the eradication work of North
Carolina ‘and the results obtained by Federal, State, and other
investigators, together with the growing necessity of ameliorating
the effects of the boll-weevil invasion, prevailed upon the United
States Congress to make an appropriation in 1906 to empower
the United States Secretary of Agriculture to inaugurate a plan
of co-operation with the authorities of Southern States in tick
eradication.

In the Annual Report for 1907 of the Chief of the Bureau of
Animal Industry it was stated: “Encouraging progress has been
made in the eradication of cattle ticks from the Southern States.

- - —————
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This work, which was begun in the summer of 1906 under an
appropriation by Congress of $82,500 * * * is no longer an ex-
periment. The results already accomplished demonstrate that
the extermination of this costly pest is not only possible but prac-
ticable, though several years may be required for the completion
of the work.”

The years since that report have been years of meeting and
overcoming obstacles until now, when the real magnitude of the
task can be appreciated, it is certain that nothing can permanently
hold up the work.

The story of the cattle tick (known scientifically as Margaropus
annulatus), in relation to the part it plays as carrier of the tick-
fever organism, is one of the most interesting in the annals of
scientific investigation. It has been described by one writer as a
“romance in pathology.” It may be recalled that in the early days
of our cattle-exporting trade the Texas longhorn was most prom-
inent. It soon became known that these cattle, although appar-
ently healthy themselves, caused a deadly disease in other cattle,
the part played by the tick being at that time unknown and un-
suspected. Hence the disease acquired the name of Texas fever.
The tick, however, is no respecter of localities so long as they
are suitable for its propagation, and tick fever occurs wherever
the combination of infected ticks and cattle is present. The
problem of combating the disease was undertaken soon after the
Bureau of Animal Industry was organized in 1884, and a few
years later the epoch-making discoveries of the bureau scientists
led to the true cause of the disease being found.

The discovery that ticks can carry germs of disease from one
animal to another was the first instance in which the important
role of insects as carriers of disease was ascertained. From it
arose new procedures in preventive sanitation. Since then the
noxious roles of various other insects have been learned; for
example, mosquitoes carrying malaria and yellow fever; the rat
flea, bubonic plague; the house fly, typhoid fever. Formerly no
attention was paid to the carriers; only treatment of the patients
was considered necessary. Now mosquitoes are screened out of
buildings and exterminated; rats are killed; and house flies are
screened, starved, and “swatted;” all of which has greatly reduced
the number of victims of the mentioned diseases. The discovery
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of tick inoculation was made through the joint efforts of several
members of the bureau staff.

ProGrEss IN TICK ERADICATION, JULY 1, 1906, TO DECEMBER I, 1917.

Figures prepared by the Bureau of Animal Industry, United States
Department of Agriculture, show as follows the progress in cattle fever
tick eradication July 1, 1906, to December 1, 1917:

Coun- ,Eﬂ:‘,“ﬁ‘;gf‘, Counties Area | Area
ties in- 0917 released in- n- Area
State fected fected | fected | _ Jonceq

July 1, July 1,| Dec. 1,

196 | whote| Part |Whote| part | 196 | WY
S?. . Sq. Per
No. No. No. No. No. | miles | miles | miles | cent.
Alabama . . . .. 67 27 3 37 g 1,279 | 19,018 | 31,361| 61
Arkansas, . . . . 75 6 42 52,525 | 20,953 | 31,573| 60
California . . . . 1s|. ... 15, .. .| 79924(. . . .| 79.924| 100
Florida. .. ... 50 46 1 3 1| 54,861 49,961 4,900 9
..... 149 2. ... 70, .. .| 57.438| 35,324 | 22,114 39
Kenhil‘cky .. 62........ 2). ... 841..8.. :481 100
Louisiana . . .. 3 49 2 12 2| 45409 | 37,824 7.58s5( 17
Mississippi . . . . 81l.. ... .. 81|....| 46,362|. . . .| 46,362 100
uh.onri ..... V'S P R 4l. ... 1,38(.... 1,386 100
North Carolina . . 75 21 2 52 2 37,322 9,674 27,691 74
Oklahoma . . . . 161 22 10 25 14| 47, 22,377 ’5'8;2 53
South Carolina . . 44 of. ... 34)....| 30495| 8,619 21, 72
'ennessee . . . . 420, .. ... .. 4:....16.937....16.987 100
Texas ...... 198 154 3 41 3 191.883 142,018 | 48,967| 26
Virginia . . . . . 30 3 1 26 1| 13,01 1,686 | 12,232 88
Total. . . . 956 438 28 486 32 | 728,565 | 349,253 | 379.312 S2

1 Of the 61 counties, 56 were wholly quarantined and s were partly quarantined.

A systematic study of Southern cattle fever, begun in 1888,
developed that the disease, very similar to malaria in man, was
caused by a minute protozoan parasite that invaded the red
corpuscles of the blood and in acute cases destroyed them so fast
that the spleen became clogged with débris from the blood, the
liver filled with bile, and the red coloring matter of the blood
was passed off with the urine. Intense fever developed and the
animal usually died in from 1 to 4 days after first appearance
of symptoms of illness. The death rate was usually low in
herds with many young or insusceptible animals; among old
cattle it ran as high as 8o or go per cent. It was further found
that the disease was acquired soon after the young of the cattle
tick—called seed ticks—attached to the cattle. Acquisition of
the ticks was found to be governed by their life history, on which
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is based the science of tick eradication and also the rules of quar-
antine. The life history is as follows:

Adult ticks carried by cattle fall to the ground, and in about
a week each female lays from 2,000 to 4,000 eggs, each of them
carrying fever germs. Hatching in about 3 weeks of warm
weather, but requiring a much longer time in cold weather, the
seed ticks remain on the ground or on grasses, hungry and wait-
ing for a chance to attach themselves to a cow or steer. Attach-
ing themselves, the ticks hunt for places in the hide they can
penetrate and, finding them, immediately begin to suck blood and
to grow. Two immature stages of development precede the adult
stage, when the males fall off the animal and die, and the females
also fall off, but lay their eggs on the ground before they die.

The method of tick eradication found to be effective and now
used almost exclusively is the arsenical dipping bath. This method
will rid a county of ticks in a single season, it has been shown.
For the method to be effective every cow and steer in the county
must go through the bath once every 2 weeks during the season.

The ticks clinging to the cattle are killed by the arsenical bath.
Those that attach themselves before the next bath are killed in
that emersion before they have time to lay eggs. Those forced
to remain in the grass die of starvation.

The dipping vat with arsenical dip was first used for tick eradi-
cation in 1909 by a Federal inspector in Alabama. He followed
the method used in stockyards of dipping for scabies, and also
the Federal system of oil dipping for animals carried in inter-
state commerce. Previous to 1909 swabbing and spraying by hand
were the methods used in the intrastate work. The vat method
has been found to be not only effective and speedy but to be
inexpensive.

In September, 1917, 21,095 public or private vats were avail-
able in 10 Southern States. The work in 336,678 square miles of
territory was supervised by 272 inspectors of the Bureau of Ani-
mal Industry, 351 State inspectors, and 1,209 county inspectors.

A powerful aid in the tick fight has been the passage of State
laws enabling effective Federal co-operation. In 1906, when the
first Federal appropriation to inaugurate a plan of co-operation
with States was made, such laws were in existence in only 7
Southern States—Virginia, North Carolina, Georgia, Kentucky,
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Tennessee, Oklahoma, and California. Since then laws have
been enacted in Alabama, Arkansas, Florida, Louisiana, Missis-
sippi, South Carolina, and Texas. The only State affected by
ticks and missing from this list is Missouri, in which only four
counties were infected in 1906, and which is now completely free.

Federal co-operation does not mean that the National Govern-
ment builds the vats nor supplies the money and materials with
which to “dip the tick” and kill it. But it does mean that the
Bureau of Animal Industry of the United States Department of
Agriculture furnishes trained men to supervise the work of dip-
ping and show the people of any county how to make a beginning.
Appreciation of this co-operation is shown by the fact that every
State and most counties in the tick regions have appropriated
public moneys to take advantage of the scientific and practical
knowledge placed at their disposal by the Federal Government.

To survey adequately the benefits from tick eradication a glance
must be taken at the baneful effects of infestation. Cattle not
only die from the fever transmitted by the tick but they lose
greatly in blood, meat, milk production, and reproductive power.
The ticks suck the blood that should go to make beef and milk;
prevent sale of infested cattle outside the quarantine area except
for immediate slaughter and at almost any price the buyer chooses
to pay; and close the door to importation of better stock to im-
prove the quality of a herd, for new cattle brought into ticky
country are easy and luscious prey for the tick.

Benefits from tick eradication are told in hundreds of letters
received annually by the Bureau of Animal Industry. The con-
sensus of opinion in these letters indicates that on the average
cattle freed of ticks are enhanced in value about $10 a head,
weigh one-fifth heavier, grade one-fourth better, and are safe
from cattle fever and from shrinkage on account of ticks. The
letters also show that where the tick is dipped out the Southern
cattle industry is growing, that there is more improved blood,
that the milk yield of cows is increased about one-fourth, and
that there is an increase of forage crops and silos.

Here are some reasons why, in the opinion of Department of
Agriculture officials, tick eradication is important, especially at
the present time, and why the fight now half won must go on
to complete victory:
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(1) Good agriculture is dependent upon animal husbandry,
and of the domesticated animals cattle are the leaders for fer-
tilizer purposes; (2) the supply of beef is not keeping pace
with the demand and must be increased to meet the needs of
America and the allies in the war; (3) cotton production, men-
aced by the boll weevil, must be kept up by cattle fertilizer and
must be supplemented by cattle raising in order that the cattle
farmer may thrive and be able to raise cotton at all; (4) the
cattle business of the South, long a negligible item in most States
because of depression caused by the ticks, can be made the equal
of that of any country.

The progress made so far in tick eradication is taken to mean
that every square mile in the South will be freed from the cattle
tick within a few years. From the areas released from tick
domination and quarantine will go forth to the areas still infested
not only the inspiration of accomplishment but also the practical
help of the Federal inspectors released from work in the counties
just freed and ready for labors in new fields.

TANNAGE OF DRIED EAST INDIA KIPS.*
By C. F. Barber and P. R. Barker.

It is surely the hope of all interested in the leather trade that
something will be done in the near future to insure the possibilities
of the tannage of a much larger quantity of East India dried
kips in our own country than has been the case in the past. It
is without doubt possible to obtain some of the supplies that -
formerly have been sent to Germany, and turn them into good
leather at a price which will compete favorably with anything
on the market, even in normal times.

Some may bring up the argument that it has been tried and
given up as impossible, but the writers would go as far to say
that the cause of this could be found in the lack of up-to-date
methods and, arising from these, exceeding slow processes. It
must, however, be understood that they are far from being in
favor of some of the reputed quick methods, which consist
mainly of drum tannage, and in practically all cases produce a
quality of tanned hide inferior to what might have been obtained

*].S. L. T. C, October, 1917.
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had a little practical thought been given to the study of the
process before entering upon it. It is, therefore, with the above
in mind that the authors put forward the following moderately
quick method of tanning, etc., which produces a first class article,
though more suitable for the man who is tanning and dressing
than for anyone selling in the crust condition. In the former
case, when goods are usually sold by measurement, it is scarcely
necessary to produce a leather containing excess tan in the form
of water solubles, while in the latter these will add to the weight.

These goods are usually soaked back in batches of 150 kips
for one day in clear water, then drawn up, opened out and put
into clean water to which about 10 pounds of sodium sulphide
is added. After 2 days in this they are drummed for 1 to 2 hours
in a little water and are put back for 2 days more in sodium
sulphide.

The hides should now be soft enough to put into lime, and
are hauled up and put into old lime. The limes are worked
on the three-pit system, none of them being more than 2 or 3
weeks old. After the old lime the hides are successively put into
the medium and new limes, remaining 4 days in each of the
three limes. To obtain good pelt weight it is necessary to haul
frequently and plunge the pit well, also to avoid over-crowding
the pit. After unhairing and fleshing weigh the pack in order
to obtain the pelt weight, which for East India kips should be
about 250 per cent. on the dry weight. After unhairing and
fleshing the hides are divided into packs according to the capacity
of the paddles used in the tannery. Deliming is carried out with
formic and lactic acids, and bating with an artificial material at
a temperature of 100° F. The goods are scudded as usual.

The tannage is performed in paddles and lasts about 6 days.
The first paddle is made up to 12° B., with gambier or some
other mild vegetable tannin, and synthetic tannin is added to
bring the strength to 15° B. The barkometer strengths of the
other paddles are 20, 25, 30, 35, 37° B. respectively. Each
paddle is turned over every day and also strengthened up with 3
gallons synthetic tan liquor and 15 gallons new gambier liquor
at 75° B. When a pack has been in the paddles for the re-
quired time, it is horsed up to drain, pressed by a hydraulic press
to a sammed condition and dry drummed.
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If it is desirable to keep goods in the crust condition, they
may be fat-liquored at this point in the drum with up to 7 per
cent. of a suitable slightly acid fat-liquor, and then set out and
dried, when goods of a really splendid color should result with
a leather weight of 130-150 per cent. on the dry weight. If, on
the other hand, the goods are required for memel sides, as they
undoubtedly are at the present time, they should be split and
shaved, then drummed for 34 hour in a § per cent. solution of
synthetic tannin, and dyed by means of nigrosine, logwood and
a little copperas. More than 14 per cent. of the latter should
never be used as there is no doubt that much of the crackiness
and tendency for grain to strip, complained of by the R. A.C.D,,
is due to excess of iron being used in this process by some manu-
facturers, instead of relying more upon a good nigrosine or
other acid dyestuff.

It is a matter of opinion as to whether at this juncture a fat-
liquoring or drum-stuffing should be given. We prefer the latter,
using a mixture of such materials as paraffin wax, tallow and
degras. This mixture gives a much more water-proof product
than that obtained by simply using a fat-liquor. The goods
should then be set out on the drum-setting machine, and after
samming reset by hand. They are then hung up until dry and
when dry are buffed, whitened, printed, seasoned, grained up by
the armboard or machine, and sorted into the different qualities.
Below are the analyses of some leathers which have been analyzed
in the rough-tanned state.

Leather tanned English
by above drum-tanned
process leather
Fat ....oviiiiiiiiiiiiiiiieann 8.7 9.4
Moisture ...l 12.1 13.7
Total solubles ................. 13.9 25.2
Hide substance ............... 29.3 26.0
Insoluble .................out. 36.0 25.7
Dried E. 1. Kips finished as dull sides, and analyzed after finishing:
Fat o e 284
Hide substance ...........ccoiviiiininnnnn... 31.8
Moisture .....oviiiiiiiiiiiiiii i 9.3
Total solubles .........coveiiiiiiiiiiinnninnn. 7.7
Insoluble .........cciiiiiiiiiiiiiiiiii.,, 228

100.0 Per cent.
ASh L e 1.2 Per cent.
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CORRECTION.

The article on Tentative Standard Methods for the Sampling
and Analysis of Commercial Fats and Oils in the issue of this
JournAL for January, 1918 was taken from the December, 1917,
issue of the Journal of Industrial and Engineering Chemistry.

Through an oversight proper credit was not given for this
article.

ABSTRACTS.

Tanners Institute Annual Report. The sixth annual report of the
Tanners Institute at Pratt Institute, Brooklyn, has just been received. It
gives a general statement of history, objects and results followed by a
more detailed account of the work during the past year and an outline of
the courses. There are two courses, both conducted with the co-operation
of the National Association of Tanners. The first is a 9 months’ practical
course in tanning and is designed to give training in the art of tanning
and finishing different kinds of leather, and to supply a broader knowledge
of the principles involved in these processes than can be obtained under
ordinary conditions of commercial manufacture. The need for training
of this sort is now well recognized, and men who have the advantage of
the course here offered will find themselves fitted to advance rapidly to
positions of greater responsibility. The course is open to men already
employed in the leather industry who desire to increase their efficiency
and also to students of ability and character from high schools, who, al-
though without practical experience, desire to equip themselves for posi-
tions in the tanning industries, and who can give evidence of their ability
to pursue the course with success. The plan of instruction followed makes
it possible for each student in this course to become familiar with every
detail of the tanning and dressing of leather by actual work in the Insti-
tute’s tannery. This plant is equipped with modern machines for leather
production on a scale sufficiently large to render the processes and results
thoroughly reliable from the point of view of the commercial tanner.
Completely appointed laboratories provide for training in the principles
of elementary chemistry, and in those branches of analytical and technical
chemistry that have special application in the manufacture of leather. The
instruction given is sufficiently comprehensive to impart to the student a
thorough working knowledge of the chemical processes involved in the art
of tanning. There is also included in the course a considerable amount of
instruction along mechanical and electrical lines, especially adapted to the
needs of these students. Practical instruction is given in the operation of
engines and electric motors, and in the principles and installation of steam
piping, electric wiring, belting, shafting and gearing. The work in draw-
ing has direct reference to the design and arrangement of tannery plants
and their equipment.
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The second is a nine months’ post-graduate technical course in
Applied Leather Chemistry. It offers to those who have had a thorough
training in chemistry opportunity for specialized study in the principles
and practice of tanning and in the chemistry of leather manufacture.
Pratt Institute possesses unrivaled facilities for training of this kind, and
provides exceptional opportunities for post-graduate students who desire
to qualify themselves for technical positions of responsibility in the tanning
industry. The course of study is not only advanced and thorough on the
chemical side, but is conducted in close relation to the practical require-
ments of the tannery. Instruction is given in the manufacture of leather
in all its branches, and practice is afforded in the actual tanning and
finishing of leather under conditions that approximate closely to those
obtained in modern establishments. The inspection and study of typical
tanneries constitute an important feature of the course, and exceptional
opportunities are given for observing leather manufacture as conducted
in this country. The expense of trips to distant points is met by the
Tanners Institute Fund. Special instruction is provided in the chemistry
of leather manufacture and in other closely related branches of industrial
and technical chemistry, such as dyeing and the testing of dyes, soap
making, leaching, the manufacture of chemicals, oils, extracts, and other
materials entering into tanning operations. A study is made also of the
design of tanneries and their equipment, and problems in the supply of
power, heat and steam and the handling of materials are worked out in
detail. In the mechanical and electrical laboratories special attention is
given to the subject of steam and electrical power machinery and the
transmission and application of power. In addition to the regular work
of the course, a series of lectures on technical and economic problems
relating to leather manufacture, is given each year by experts and
specialists in various departments of the tanning industry. The Institute
tannery affords opportunities for making comparative tests of various
leather manufacturing processes, and the Tanners Institute Fund provides
funds for conducting original investigations in various problems of the
trade. The principal subject for experimental investigation during the
year 1916-1917 was the Progressive Rate of Tanning, a study of the
degree of tanning at various stages of the process. This investigation,
which extended over a period of several months, was under the direct
supervision of Dr. Allen Rogers and his assistants. The valuable data
obtained from this study will be reported to the National Association of
Tanners.

A class of fourteen were graduated from the Tanning course and two
from the Applied Chemistry course. The demand for young men with
Tanners Institute training was so great that all members of the Class of
1917 were placed in good positions at least one month before graduation,
and many more might have been placed had they been available.

The Prevention of Waste in Fats. The Leather IV orld, December 20th,
1917. In an editorial attention is called to the great need of saving fats
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particularly in the leather industry. In Germany and France, where fats
are under Government control, they are issued to tanners only when the
resulting leather is to be used for military purposes. In Switzerland all
scrap leather and cuttings are at the disposal of the Government for re-
covery purposes. English tanners are therefore urged to save everything
that contains grease; scrap leather, cuttings, floor scrapings, etc.

Chemical Glass in Scotland. Commerce Reports. Some work had
been done before the war along this line, but the country was dependent
on Germany and Austria for their chemical glassware. As soon as the
war broke out, operations were started on a large scale. Under the
guidance of workmen from Belgium, men and boys were trained and
work was under way as carly as January 1915. In addition to the com-
moner chemical glassware, they are making apparatus for nitric acid
manufacture, gauge glasses, glass for miners safety lamps, etc. British
scientists have proven by exhaustive tests that this glassware is superior
to the best German makes.

War-time Tanning Extracts. Felix Abraham. J. S. L. T. C.,, Nov.
1917 from Collegium, 1917, pp. 161-166. Much difficulty has been experi-
enced in Germany with the manufacture of leather by means of the avail-
able tanning extracts there, which are being prepared from native tanning
materials. The troubles are all attributed to the bad quality of these war-
time extracts, and this in turn is variously attributed to the unsuitable
preparation, bad extraction or careless choice of raw materials. The
author provides data showing the very much larger proportion of non-
tans in the materials and extracts now available, (¢.g., pine bark, oak
bark, oakwood, chestnut wood), as compared to pre-war materials,
especially quebracho. Hec contends that tanners have not taken this im-
portant factor into sufficient consideration, as shown by the way they are
repeatedly using old liquors and strengthening them up. This causes accu-
mulation of non-tans. The hide consists of the finest individual structures.
The molecules of tannin penetrate to the interior of the hide and thus ef-
fect tannage. The molecules of non-tans also penetrate the hide and exert
an outward pressure which becomes so large with high percentage non-tan
content that further penetration of tannin is rendered diffrcult or im-
possible. So long as the pressure of the tan outside is greater than that
of the non-tans in the hide, tannage will proceed quite smoothly. In the
coloring liquors or suspenders tannage proceeds quite regularly, but by
increasing the non-tans (by adding fresh extract) the liquors become so
saturated with non-tans that a very poor tannage is effected. Coloring
liquors should be thrown away as soon as chemical analysis reveals a very
low and negligible tannin content. Baumé or barkometer readings are no
guide for this purpose. Hides should be tanned right through in the
coloring liquors and not left for the drumming to complete penetration.
The author is certain that attention to these details will obviate all diffi-
culties with war-time extracts.
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The Bark and Wood of the Sweet Chestnut, J. Paessler. J. S. L. T.
C., Nov. 1917 from Collegium, 1917, pp. 130-141, pp. 167-176. Previous to
the war, the wood of the sweet chestnut (Castanea Vesca Gaertn) was only
of importance as a raw material for French and Italian extract manu-
facturers. The sweet chestnut grows very quickly and can be utilized for
its tannin content when 10-15 years old. With chestnut trees, the tannin
content of the wood increases with age. Unlike oakwood, chestnut wood
from trees 12-18 years old contains sufficient tannin to merit its use for
extract manufacture, but older wood is preferable. Further, the sapwood
contains almost as much tannin as the heart wood. The bark is also rich
in tannin, hence during the war, the bark and wood have been broken up
together for extraction. Fresh chestnut wood containing 35-45 per cent.
water shows 3-11 per cent. tannin by the filter process, varying according
to its use. The tannin content of chestnut wood is appreciably higher than
that of oakwood from trees of the same age. Data are provided from
trees varying in age from 13-71 years showing that the tannin content of
the wood increases with age. By leaving the trees to reach an age of
15-30 years more wood will be obtained and a higher percentage of tannin
in the wood. The tannin content of the bark of trees 47 years old is very
large and compares very favorably with that of a good oak bark, and shows
a similar proportion of tans to non-tans. The content of glucose and its
proportion relative to the tannin content is as high as that for oak bark
hence it can be inferred that the same amount of acid will be formed as
with oak bark. The average tannin content is 11-12 per cent. and it may
even rise to 15 per cent.

TYPICAL ANALYSIS OF ALSACE SWEET CHESTNUT BARK.

Filter process Shake process

Tans ..ooveii i 11.2 9.7

Soluble Non-tan ................... 6.8 83
Insolubles .................. 67.5
Water ...t 14.5
Glucose ...........covuin... 4.3
Other Sugars .............. 0.5
Total sugary matter..... 4.8

PER 100 PARTS TAN.

Glucose .........oviiiiiiiiiiiian, 38 44
Other Sugars ............cccvunnnn 4 5
Total ..........ooiiiuin... 42 49

No generalization can be formed about the variation of the tannin
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content of the bark with age except that it is very high even in the oldest
trees. This is unlike oak bark where the corky layer starts forming after
16 years growth and causes a diminution in tan. The tannin content of
the bark is the same at different heights of the chestnut tree thus pro-
viding an advantage over oak trees where it diminishes towards the crown
of the tree. Consequently the average tannin content of chestnut bark
is higher than that of oak bark.

According to the author’s researches chestnut bark and its tannin
appear to be exactly similar to oak bark and its tannin. The barks them-
selves closely resemble each other in appearance, smell, tannin and glucose
contents, chemical reactions and so-called contents. Both yield a similarly,
colored tannage and darken on exposure to light, and chestnut bark is
quite equal to oak bark in every respect. The author thinks that the
leather industry should use chestnut bark to a greater extent. He strongly
advocates replacing oak trees in Germany with sweet chestnut trees since
the latter grow more quickly, yield more bark at an early age, and provide
wood which can be used for its tannin content. Chestnut trees would thus
be of more profit to the forestry people and to the leather trade. Various
data are provided showing that by using both wood and bark three and
one-half times as much tannin is obtained from chestnut trees as with
the bark alone. Analysis shows that the prickly husk of the chestnut
contains tannin 10.1-12.8 per cent.,, non-tans 3.2-16.3 per cent. which is a
very appreciable tannin content, but the high non-tans percentage renders
it useless for extract manufacture. The brown husk shows tans 7.3-8.8,
non-tans 4.8-8.1. He thinks both may be worthy of consideration if great
scarcity of tanning materials should arise.

A Method for Preventing Salts from Creeping Over the Sides of
Evaporating Dishes. W. O. Robinson. J. 4. C. S. Jan. 1018. In the
course of mineral or soil analysis it is frequently necessary to evaporate
saline solutions to smaller volumes or to complete dryness to expel
ammonium salts. When, during evaportion, the solution becomes saturated
and solids separate on the sides of the dish, the deposited solids, par-
ticularly if calcium and magnesium chlorides be present along with
ammonium chloride, have a tendency to draw the less concentrated solution
further up the sides of the dish and deposit crystals there. If deter-
minations are left to run overnight or unwatched in the daytime, they are
frequently ruined in this manner. Creeping can easily be prevented by
painting a strip about 14 inch wide around the inner rim of the dish with
collodion. Salts will not creep over this strip. The collodion dries im-
mediately after being put on so there is no time lost in this operation.
The film contains no non-volatile residue and can easily be burned off.




84 LEATHER CHEMISTS ASSOCIATION

PATENTS,

Method for Treating Sewage. U. S. Patent 1,242,086. WarLter H.
SAWYER, Auburn, Me. Method consists in dividing the organic matter in
the sewage to fibrous and non-fibrous organic matter and removing and
drying the fibrous matter.

Machine for Grading and Sorting Leather. U. S. Patent 1,243,260.
CHARLES E. CLARKE and JouN S. DELANEY, Winthrop, Mass.

Composition for Water-proofing and Preserving Leather. U. S. Patent
1,244,062. NorA McLAuUGHLIN, Seattle, Wash. A composition consisting by
volume of paraffin, one part; turpentine, six parts; benzine, ten parts; oil
of cloves, one-sixth part; oil of citronclla, one-sixth part; oil of cedar,
one-sixth part.

Artificial Leather and Manufacturing the Same. U. S. Patent 1,244,567.
A. H. \WWHITMORE.

Artificial Leather. U. S. Patent 1,245,977. SapakicHr Satow, Sendai,
Japan. Consists of glutinized vegetable proteids, and cellulose derivatives,
a sticky viscid substance, fibrous material, a condensing agent and an
alkali.

Artificial Leather. U. S. Patent 1,247,610. C. E. ArNoLD, Wilmington,
Del. Consists of applying a cementing substance, which may be nitro-

cellulose and then a coating of plastic nitrocellulose by pressure, after the
first coat is dry.

Vegetable Glue. U. S. Patent 1,248,039. R. W. TuUNNELL, Philadel-
phia, Pa. Consists of hydrolyzed starch and an alkaline aluminate.

Leather Making Machine. British Patent 108,665. R. F. WHITNEY,
Winchester, Mass.

Tanning. British Patent 108,766. J. E. Maupg, Liverpool, England.
Hides, etc., are supported on rods carried on flexible bands or chains pass-
ing around drums, wheels, ctc., the hides being alternately immersed in
the liquor and raised thercfrom.

Making Leather. British Patent 109,977. \W. CoX, Wellington, New
Zecaland. A hide washing or bating machine.

Tanning. British Patent 110,470. A. TuvrxpriL and T. B. Car-
MICHAEL, Liverpool, England. Tanning materials are dissolved in a jelly
formed of starch emulsion.

Leather. British Patent 110,509. A. O. TrosteL, Milwaukee, Wis. A
machine for embossing followed by bufling.
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ciation.

33 members voted in favor of same.

7 members voted against same. :
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ANALYSIS.
Tannin ceeeeee e iennnn Total s0lidS ceeveececans
Non-tanning ««..c...... Soluble solids ... «.....
Insolubles . cccevveun. . Ash tovvivnnnneniannns
Water - ceeveeneercnnnne Speciﬁc gravity ........
Totaleeeuvevnnenranane  Twaddell coeeenenennnes

Analyzed by the Official Method of the A. L. C. A. 0w Cooled.

THE WEAR RESISTANCE OF LEATHER FROM DIFFERENT
PARTS OF THE HIDE.

By F. P. Veitch, Chemist in Charge, and /. S. Rogers,
Assistant Chemist, Leather and Paper Labora-
tory, Bureau of Chemistry, Depart-
ment of Agriculture.

What proportion of the 800,000,000 or more pairs of shoe soles
used in this country each year, and which cost the people not
less than $400,000,000, are so tanned that they give the purchaser
the maximum of service, comfort, and satisfaction, is not known
either to tanners or to leather investigators. The lack of definite
knowledge on this subject is due to the fact that, up to the pres-
ent time, no systematic investigations have been conducted which
conclusively show the serviceability of different tannages of sole
leather.

This matter is one which is not only of direct interest and im-
portance to the public individually, but also to the tanning in-
dustry, and is one which that industry earnestly desires to see
conclusively settled.

As a part of its general investigation on leather and leather
production, the leather and paper laboratory conducted the pre-
liminary experiments here described during the summer of 1913
in order to lay the foundation for larger and more extended in-
vestigations.

In determining the wear resistance of sole leathers there are,
in general, two methods of procedure possible: actual wearing
tests and tests made by a standardized wearing machine designed
to give accelerated service. These experiments, which were
conducted entirely by the former method, had as their objects
the comparison of the wear resistance of leathers from different
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parts of the hide and of different tannages. The results obtained
were to be used as an aid in the development of a standard labo-
ratory wear-testing machine.

The following samples of leather were used:

Three differently finished sides of oak sole leather;
Three differently finished bends of oak sole leather;
One side of hemlock sole leather;

Bull heads (oak);

Waterproofed bull heads (oak);

Oak belting shoulders.

Soles were outlined and numbered on these sides and bends,
and the leathers photographed before cutting in order to record
the exact position of each sole (Fig. 1). One hundred and
twenty-five pairs of bare foot sandals were manufactured, the
soles being so combined that each pair represented two different
leathers. After carefully measuring the thickness of the soles
with a Vernier micrometer, the sandals were assigned to boy
scouts in Hagerstown, Md., and Washington, D. C. Cards were
issued on which the boys recorded the number of hours worn.
Every two weeks the sandals were inspected, the soles measured,
and new record cards issued for the succeeding two weeks. This
procedure was followed until one of the soles for each pair was
worn through. After the data for this sole had been recorded it
was repaired in order that the test on the other sole might be
completed. When both soles were worn through final measure-
ments were taken and the worn sandals were photographed
(Fig. 2).

There are many factors which play a part in the wear of sole
leathers. Among these may be mentioned the characteristic
walk of the wearer; the effect of weather conditions; of pave-
ment or ground; of wearing out of doors or in the house or fac-
tory; distance walked; number of hours worn; difference between
hides and variations in the same side of leather, etc. All of
these and doubtless many other conditions exert their influence
upon the wearing away of sole leather. For none of these fac-
tors, however, is it practical in a test of this kind to make a cor-
rection. ‘The only hope for success in this type of experiment
lies in averaging the effect of these conditions by making a very
large number of tests.

3
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Individual results in these experiments are often exactly con-
tradictory, owing to the effect of one or more of the above men-
tioned causes, and it is therefore possible to draw conclusions
only from the averages on a large number of soles.

The results given in the following table were obtained by first
determining the total thickness worn away during a recorded
number of hours’ wear, and then calculating this to the thickness
which would be worn away if the leather had worn at the same
rate for 1,000 hours, which would represent approximately 3
months' wear. The results thus obtained were grouped accord-
ing to the section of the hide from which the soles were cut and
averages made for these groups.

TABLE I.—RESULTS OF ACTUAL WEARING TESTS OF SOLE LEATHER
FROM DIFFERENT PARTS OF THE HIDE.

(Expressed as inches worn off in 1000 hours’ wear.)

Maximum Minimum Average
wear wear wear
inches inch inch
Butt (7 leathers)................ 0.597 0.402 0.464
Heads (2 leathers)......ceveuun 0.515§ 0.508 0.512
Shoulders (8 leathers) .......... 0.712 0.494 0.605
Belly (4 leathers)............... I.110 0.787 0.944

These average results substantiate the belief which has been
generally held for many years that the best wearing sole leather
comes from the butt of the hide, and that the shoulder; and es-
pecially the belly, are much less resistant to wear than is the butt.
It is also interesting to note that the leather from bull heads
gave results equal to, if not better than, those obtained with
shoulder leather. Leather from the butt wore on the average at
least twice as long as that from the belly portion of the hide, and
about one and one-third times as long as that from the shoulder
portion. In every case the results from the three sections gave
the same relative order of wear as indicated by the average re-
sults.

As previously stated, these results are but preliminary. A
series of experiments upon a wear-testing machine developed by
this laboratory is nearing completion. It is planned in the near
future to start extensive field service wearing tests which are to
be co-ordinated with mechanical wearing tests.
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THE LYOTROPE SERIES AND THE THEORY OF TANNING.*
By Hugh Garner Bennett, M. Sc.

The past year (1917) has witnessed a revival of interest in the
theory of tanning, but has produced little sign of general agree-
ment. ‘The recent contributions of Procter, of Moeller, and of
Wilson exhibit still a striking divergence of view. ‘Thus Wilson'

regards vegetable tannage as a simple ionic reaction and writes
it thus:

NH,* /NH2 (tannate)
R< |  + (tannate ion)' T4 R;
(60 N\ CO (vegetable-tanned
leather)

and the chrome tannage as a simple but slow chemical reaction,
thus:

NH
3R{ | + Cr(OH), == (NH,. R. COO), Cr.
co

On the other hand, Moeller’ states that ‘‘ the changes which the
tannin colloids undergo after being taken up by the hide sub-
stance were found to depend solely on irreversible colloidal
changes of state. Simple chemical processes do not occur.”’

With such divergence of opinion existing, the writer ventures
to offer his own views upon this question, and to echo Mr. Wil-
son’s statement that ‘‘ general discussion and criticism, if given
with the sole purpose of approaching nearer to the absolute truth,
would undoubtedly prove of immense value.”

PART 1.
THE LYOTROPE SERIES.

Recent investigations have shown that the essential physical
properties of water are affected by dissolved substances in a defi-
nite manner and to a fixed extent, and that these substances ex-
hibit a sequence in order of their effect. This sequence is also
exhibited in the essential properties of water as solvent and as
dispersion medium for colloid sols. The sequence is known as
the ‘‘lyotrope series.'”” Thus the numerical value of the com-

*/.S. L. T. C, Nov. and Dec., 1917.
! Collegium (London), 1917, pp. 109-110.
2 Collegium (London), 1917, p. 39.
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pressibility of aqueous solutions is reduced below that of water
by salts which, with the same kation, exhibit an effect in the
following order: CO, > SO, > Cl > Br > NO, > I. This same
order is observed in the effect on the values for the surface ten-
sion, density and viscosity of these solutions. On the other
hand, the kations have a similar sequence of effects, Mg < NH,-
< Li < K < Na < Rb < Cs, which appears when salts of the
same anion are chosen. It is not surprising to find that this
lyotrope series exhibit an analogous influence on the chemical
reactions of water, e. g., the hydrolysis of esters. In the hy-
drolysis by acids SO, retards the action, the other anions and the
kations accelerate it in the lyotrope order. In the hydrolysis by
bases the series is reversed. Similarly, the lyotrope series exert
the same order of effect upon the inversion of cane sugar and
other reactions.

This lyotrope influence has also been shown to exert consider-
able effect in the behavior of lyophile sols. A hydrosol may be
a two-phase system in which the disperse phase is solid or liquid
(suspensoid or emulsoid); but it is now recognized that emulsoid
sols have usually another characteristic, v7z., a marked affinity
between the two phases; hence it is now more usual to classify
sols into ‘‘lyophobe’’ and ‘‘lyophile.”” With the lyophobe sols
(broadly speaking, the suspensoids) the addition of foreign sub-
stances apparently affects the disperse phase only, but with the
lyophile sols the effect on the dispersion medium is also impor-
tant, and may overshadow the other. Now in hide gels and
tanning sols we are dealing with lyophile systems, and there are
many points of behavior in which lyotrope influences become
prominent. Similar effects are observed upon other lyophile sols
(e. g., albumin, agar-agar, etc.), which differ widely in chemical
nature. Thus the salting out of albumin (reversible precipita-
tion) is influenced by sodium salts in lyotropic sequence as fol-
lows : The anions hinder precipitation. In order of precipitat-
ing power they are:

citrate > tartrate > SO, > acetate >
Cl > NO, > ClO, > I > CNS.

The sulphates illustrate the kation effect, which is independent
and which favors precipitation:

Li > K > Na > NH, > Mg.
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If the experiments be carried out in faintly acid solution this
order of effect is exactly reversed, iodide and cyanate having the
greatest effect and citrates the least. The coagulation tempera-
ture of albumin and the coagulation by other organic substances
is similarly influenced by the lyotrope series.

Lyotrope influence also exerts a powerful effect on the behavior
of gelatin sols and gels. The gelation temperature is influenced
thus:

raised by SO, > citrate > tartrate > acetate
lowered by Cl < ClO, << NO, < Br < L.

The kation effect (small) is Na > K > NH, > Mg.
Other lyotrope substances raise or lower the temperature thus:
glucose > glycerol — (H,0) — alcohol < urea.
The effect on gelation is also illustrated by the change of viscosity
of the sol with time. The same lyotrope order is found.

In the salting out or precipitating of gelatin with salts the
order of anions is lyotrope.

SO, > citrate >> tartrate > acetate > Cl.

Also the osmotic pressure of gelatin sols is markedly lowered by
neutral electrolytes in lyotrope sequence.
Cl > SO, > NO, > Br > I > CNS.

Similarly lyotrope influences are shown in the modulus of elas-
ticity: substances which favor gelation increase elasticity, while
substances which favor solation decrease elasticity. The order
is again lyotrope.

The permeability of the gel is affected by lyotrope influences;
alcohol and glycerol reduce diffusion through gelatin (or agar),
and urea, chloride, and iodide increase it. (Similarly, the diffu-
sion of sols through ‘‘ semipermeable’’ membranes is affected by
lyotrope influence.) The lyotrope series also influence the opti-
cal activity of gelatin sols and the double refraction of strained
gels.

The swelling of gelatin (and other gels) is very strongly in-
fluenced by the lyotrope substances, and merits more attention
than it has received. Hence this lyotrope influence exerts a
profound effect in leather manufacture, and explains many known
facts in liming, deliming, and tanning. It is one of the main
objects of this paper to insist upon the importance of this lyotrope




94 LEATIIER CHEMISTS ASSOCIATION

influence and to point out its primary importance in any satisfac-
tory theory of tanning. The swelling of gelatin is favored by
the substances which reduce the modulus of elasticity; it is hin-
dered by the substances which increase elasticity. Hence there
is also a close connection with the effect on gelation: what favors
gelation hinders swelling; what hinders gelation favors swelling.

SO, > tartrate > citrate > acetate > alcohol > glu-
cose > cane sugar : — (water) < Cl < CIO, <
NO, < Br < I < CNS < urea.

The substances before water hinder imbibition, those after it
favor it. The effect is additive: appropriate concentrations of
different salt leave the gelation temperature and imbibition un-
changed.

This lyotrope influence has in tanning a double effect ; a strong
effect on the imbibition of the hide gel and an effect less marked
on the gelation or diffusion of the tannin sol. These effects are
always present in the tanning process and exert an almost pre-
dominant effect upon the quality of the leather produced. the
rate of tannage, the ¢ weight’’ produced, the color, the quality
of the grain, etc., etc. Before entering into this complex ques-
tion it will be perhaps advantageous to take illustrations from
familiar and simpler problems. The analysis of tanning mate-
rials affords many such illustrations, and lyotrope influence ex-
plains many long standing anomalies. In detannization we have
a partly swollen gel (hide powder) immersed in an infusion which
contains lyotrope substances. These affect the swelling of the
powder. It has recently been pointed out by the writer that this
swelling of the hide powder has a predominant influence on the
results obtained. (Collegium, 1917, p. 85.) Tannin is always
adsorbed with practical completeress, but the astringent non-
tans, of which gallic acid and catechin are types, are adsorbed
very incompletely, the determining factor being the active sur-
face of hide powder. This active surface is subject to lvotrope
influence, which, therefore, is a prominent cause of variations in
non-tan determinations. Thus the neutralization of hide powder
before chroming forms sodium salts of organic acids, which re-
duce imbibition, and decrease the active surface of the powder.
Hence a greatly lessened adsorptions of non-tans occurs and a
higher percentage of non-tans is recorded. (Collegium (London),
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1917, p. 85.) Parker and Bennett (/. S. C. /., 1906, p. 1193)
investigated the effect of adding various non-tanning substances
to the liquor in which tannin was being estimated. The results
have always been somewhat puzzling until the explanation be-
came apparent to the writer as lyotrope influence. On adding
glucose and magunesium sulphate to gallotannic acid it was found
that the amount of tan estimates by the ‘‘ shake method’’ was
decreased. These are substances which hinder imbibition. In
analysis they reduce the swelling of and active surface of the hide
powder and result in a lessened adsorption of astringent non-tans
and higher non-tan residues. Dr. Schell has recently had a con-
firmatory experience (La Halle aux Cuirs, Aug. 12, 1917, and
J S . L. T C, 1917, pp. 73 and 87). He found that the per-
manent hardness of Paris water was sufficient to cause an appre-
ciable effect in this sense. He was surprised, but the lyotrope
influence affords a ready explanation. It is noteworthy that com-
mon salt (NaCl) was found by Parker and Bennett to cause a
slight increase in the tannin estimated, but ‘a slight decrease with
stronger solutions. This is in harmony with the general effect
of NaCl on the imbibition of gels. It is clear that the
addition of such substances (e. g., K,SO, or cane sugar) to the
tannin infusion would cause the present official method to give
more correct results in tan. The writer is not inclined to pro-
pose this remedy for the adsorption of non-tans, as he considers
his alternative proposals (/. S. C. 7., 1914, p. 1182, and Collegium
(London), 1917, p. 94) to be better: it would be of no service to
use lyotrope substances in addition to these proposals as more
hide powder would be needed for effective detannization.

It is interesting to note that those materials which contain
much sugar in the non-tans are more correctly estimated in the
official method on account of this lyotrope influence of sugar.
Thus myrobalans, valonia, and sumac have re/atively more tan-
nin than mimosa bark, gambier, and quebracho than is shown
by the official analysis. In other words, the percentage of tan-
nin in the catechol tans is much over-estimated by the official
method. This is more especially true when much adsorbable
non-tan is associated (e. g., gambier). Be it far from the writer
to suggest the adulteration of tanning extracts, but it follows
from the above that if the appropriate lyotrope substance be
added (say urea) the hide powder will swell and the analysis will

4
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show a large apparent tannin content. This case of tannin
analysis has been discussed at length, not only because it is in-
teresting and commercially important, but also because it is typi-
cal of the influences at work in the earliest stages of tanning.
The circumstances are quite similar and analogous; an excess of
hide gel is immersed in a liquor containing little or no tan but
relatively large quantities of (1) astringent non-tans (colloid
sols), and (2) lyotrope substances such as glucose, acetates, lac-
tates, etc., of lime and soda, sulphite of soda, etc. These last
tend to hinder imbibition, just as in analysis, and consequently
reduce the active surface and consequent adsorption of gallic
acid, catechin, etc. Neutral substances exhibiting a lyotrope
influence which favors imbibition may also exist in the early tan
liquors, but they are less common. When in very dilute solu-
tion sodium chloride falls into this class, but its effect is always
slight and is reversed with increased concentration. Possibly
hide degradation products of the urea type may be present and
exert some influence, but the predominant lyotrope influence of
old tan liquors is against imbibition. This lyotrope hindrance
to plumping is one of the main factors in producing ‘‘ mellow-
ness’’ in old tan liquors. The effect of such substances is (1)
to cause a lessened adsorption of tannin, owing to the decreased
specific surface of the hide gel; (2) to produce a lessened ad-
sorption of non-tans for the same reason, but to a relatively
greater extent; (3) to cause a tannage of the hide fibers in an
unswollen condition, and therefore to produce a soft leather;
(4) to cause a ‘‘leathering effect’’ of its own by the abstraction?
of water from the fibers. All these effects are due to lyotrope
influence on imbibition.

There is also the lyotrope influence on diffusion to be consid-
ered. The effects just previously discussed are concerned only
with changes in swelling and in adsorption before any penetra-
tion of the tanning sol into the hide gel takes place, but there is
also the effect of the lyotrope series on the penetration of the
hide fiber itself. This penetration should be carefully distin-
guished from the penetration of the hide which merely involves
diffusion through the solution surrounding the hide and its fibers.

A hide may be ** struck through,’’ but the hide gel may be little
3 Dehydration is a rather unsuitable term, inasmuch as there are no
definite hydrates.
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penetrated, if at all. The diffusion of the tanning sol into the
hide fiber gel is subject to a lyotrope influence of great com-
plexity. In the first place, diffusion into the gel is hindered by
the citrate end of the lyotrope series and encouraged by the urea
end of the series. A mixture of lyotrope substances produces an
effect according to the predominant influence. In the case of old
tan liquors, as we have seen, the effect is usually that of the
citrate end,—7. ¢., old tan liquors hinder diffusion into the gel.
In the second place, however, we have to consider also the lyo-
trope influence on the powers of diffusion of the tannins and col-
loidal non-tans. This effect is also mixed, but usually tends to
increase the powers of diffusion of the sol through membranes.
Many sols diffuse rapidly when thus influenced, but, though
lyotrope influence be at work, it is perhaps a question whether
this is the only factor in operation. Usually, however, the lyo-
trope influence of an old tan liquor will favor the increased diffu-
sion of the tanning sol. The total effect, therefore, on the diffu-
sion of tanning sols into hide gels is very complex. The diffusive
power of the sol is enhanced, but the gel’'s power of resistance to
diffusion is also enhanced; which becomes predominant will de-
pend upon other factors. One of the most important results of
this complex lyotrope influence will be the re/ative total effect of
the diffusion of the tannins compared with that of the colloidal
non-tans. ‘This, obviously, will influence largely the quality of
the leather, but on this point we are still much in the dark and
experiment is somewhat difficult. The total effect on diffusion
is further complicated not only by the lyotrope influence on im-
bibition, discussed above, but by the extent to which this has
been combatted by swelling with acids. These influences also
cause changes and differences in the relative diffusion of tanning
sols, as well as in the absolute powers of diffusion.

Another lyotrope influence in tanning remains to be discussed,
viz., the influence on gelation. Both collagen and the tanning
sols are lyophile colloids which exhibit great increase of viscosity
on the abstraction of water, culminating in the formation of a
gel. In tanning we have already the hide in gel form, so that
we are now concerned chiefly with the tanning sols. It is the
writer’s opinion that the gelation of these sols is a fundamental
action in the tanning process. From this point of view, the ob-
ject of tanning is to produce the gelation of the tanning sol on
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the hide fibers. If any adsorbent be immersed in an emulsoid
sol, the resulting adsorption involves essentially, not a precipita-
tion, reaction, decomposition, or a deposition of solid, but merely
a change in the concentration of the sol, generally (positive ad-
sorption) an increase in the concentration of the surface layer.
Now in tanning this increase in concentration of the tanning sol
at the interface of sol and gel is, in effect, the first stage in the
gelation of the tanning sol. The gradual transfer of the hide to
more concentrated sols (‘‘stronger liquors’’) produces a still
greater concentration at the interface, being in effect a continued
gelation of the tanning sol on the fiber surface. Modern tanners
often employ viscous liquors of 120°-130° B. to finish the tan-
ning process. However great the viscosity in the volume con-
centration, it is certainly greater in the surface concentration.
Modern methods of weighing by *‘extract-vatting,”” by dusting
down the leather in pile with powdered solid extracts represent
the next stage in producing the gelation of tanning sols in the
leather, and this is completed by drying out the leather in the
sheds. That the gelation of tanning sols is a fundamental action
in tanning seems beyond dispute; the primary adsorption, the
gradual tannage, the weighting, and the final drying of the
leather are all concentration of the lyophile sol on the fiber sur-
face, and such a concentration of lyophile sol is gelation. It is
not suggested that this is either the only or the essential action
of tanning, but it is insisted that this is one of the prominent
and essential actions. Adsorption by and diffusion into the gel
(as mentioned above) and mutual precipitation (as discussed be-
low) have also their place in the tanning theory, to a relative
degree varying with every tannage, and indeed with every sam-
ple of leather. Now gelation is one of those colloid phenomena
which is distinctly influenced by the lyotrope series, and what it
is wished to emphasize here is that the gelation of the tanning
sols upon the hide fiber must be influenced by the presence of
lyotrope substances. These will, in all probability, have a dif-
ferent relative effect upon the individual tanmins and colloidal
non-tans, and consequently be of considerable importance in de-
termining the quality and weight of leather produced.

It should be noted that the lyotrope influence is general, and
is found in most if not all tannages, but especially in the vege-
table and mineral tannages. It is important in vegetable tan-
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nage, even more prominent in chrome tannage, and yet more so
in the alum tannages.

PART II.

The preceding discussion of lyotrope influence was undertaken
partly to emphasize the importance of a neglected factor in
tanning, and partly to facilitate the statement of the author’s
opinions on the theory of tanning, which statement will now be
attempted.

The author pins his faith to the adsorption theory. This may
perhaps have become already obvious in the discussion of Part I.
The hide gel is an adsorbent presenting an enormous specific
surface. This is partly due to its gel nature, but also partly to
its fibrous structure. Like all gels it is a strong adsorbent.
Tanning liquors on the other hand are emulsoid sols, and like all
lyophile sols they are exceedingly liable to be adsorbed. . In the
immersion of a hide gel in a tanning sol, we have therefore the
ideal conditions for a very decided adsorption. The first essen-
tial action of the tanning process is therefore, the production of
an adsorption equilibrium. This view has been widely accepted
since about 1908, and has been confirmed by the experimental
work of Von Schréeder, Stiasny, and others. This adsorption
is essentially an inequality of concentration in the tanning sol.
It is due to considerations of surface tension and surface energy,
and exists before the immersion of the pelt. The surface con-
centration being greater than the volume concentration, any
considerable extension of surface in a fixed volume of sol must
produce a considerable decrease in the volume concentration.
This occurs when the hide gel is inserted in the tanning sol.
The amount adsorbed is proportional to the extension of surface,
and is therefore a function of the specific surface of the adsorbent.
Hence the specific surface of the hide gel is one of the most im-
portant factors in the tanning process. This is subject to much
variation with consequent variations in the nature and quality of
the resulting leather. These variations of specific surface are
due to many causes among which may be mentioned: (1) the
natural compactness or openness of texture of the hide gel; (2)
the extent to which the fibers have been split into constituent
fibrils by the plumping of liming ; (3) the extent to which the
interfibrillar substance has been dissolved during liming.and
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bating ; (4) the swelling in liquor due to the free acids, naturally
present or artificially added; (5) lyotrope influence of neutral
salts and organic substances as discussed in Part I. All these,
and probably other factors influence the specific surface of the
gel, and consequent extent of adsorption. ‘The amount of adsorp-
tion, on the other hand, naturally is also dependent on the exact
nature of the colloid tanning sol. In the case of vegetable tan-
nage a complex mixture of substances exists in the sol and the
resulting adsorption is also therefore complex.

Adsorption, however, involves no penetration of the gel, but
merely a redistribution of concentration in the sol. Diffusion
into the gel is the second essential action in the tanning process.
The extent of this diffusion is determined by the powers of dif-
fusion of the sol, and by the power of resistance to diffusion
possessed by the gel. The lyotrope influence which enhances or
reduces both these powers simultaneously though possibly to a
different degree has already been discussed (PartI.) In veg-
etable tannage the colloids of the tanning sol are a complex mix-
ture with widely differing powers of diffusion. They are broadly
classified into three types: (1) the so-called ‘‘astringent tans’’
which possess the least powers of diffusion; (2) the so-called
‘“mellow tans'’ with greater diffusive powers and, (3) the col-
loidal non-tans, of which gallic acid and catechin are typical
examples possessing still greater diffusive powers. It is now
recognized that even colloids diffuse, the difference being one of
degree. Generally speaking an increase of imbibition of the gel
assists the diffusion of all substances.

The adsorbed tanning sol has the option of diffusing into the
gel or of stopping in the outside of it. Though the difference
is perhaps one of degree, it is necessary to consider the alterna-
tive. If a tanning sol does not diffuse, its concentration at the
fiber surface continues to increase, especially in those methods
when the gels are continually moved into stronger sols. This
involves the gradual gelation of the lyophile sol at the interface
of sol and hide fiber. This gelation is subject to lyotrope influ-
ence as discussed in Part I., and is another essential action in the
tanning process.

Thus far, we find tanning to consist of adsorption followed by
either diffusion into the gel or gelation at the interface, but gen-
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erally both. We have now to consider another essential action
of tanning, viz., the mutual precipitation of oppositely charged
colloids. It is a feature of the colloid state of matter that the
disperse phase is electrically charged to some extent. The
charge may be 4+ or — and may be large or small. The sols
exhibit electrical conductivity and migration occurs in the direc-
tion determined by the nature of the charge. Oppositely charged
sols precipitate one another, the precipitate containing both col-
loids. The maximum precipitation occurs when the -+ charge
of one sol exactly neutralizes the — charge of the other. There
is thus an electrical equivalence, an amount of one sol which is
equivalent to a given amount of another. This mutual precipi-
tation is exhibited both by lyophobe and by lyophile sols; though
there are striking differences. In the case of precipitation by
electrolytes the ‘‘ valency rule,”’ is the determining factor, wviz.,
that precipitation is mainly effected by the ions of opposite charge,
and that the precipitation-concentration is a function of the val-
ency of these ions. There is also an independent stabilizing
influence due to the ion of opposite charge, less powerful, but
also following the valency rule. This important generalization
holds also in the influence on other electrical properties of the
sols, e.g., electroendosmosis and cataphoresis. ‘The potential
difference between the two phases of a sol may be increased or
decreased by addition of other substances to the dispersion med-
ium. Indeed the potential difference may be diminished until it
is finally reversed in sign, with a corresponding change in the
electrical behavior. The effect of acids and alkalies is exceed-
ingly strong in this sense. The presence of salts also effects
such a change and follows the valency rule, 7., in a negative
sol the valency of the kation is the predominant factor. In the
case of lyophile sols there is strong evidence that the nature of
the charge is in many cases largely an accidental matter, being
determined by the medium in which it happens to be, their nor-
mal condition being electrical neutrality. Thus gelatine in the
presence of acid is a positive sol and in the presence of alkali a
negative sol. The predominant effect of acids and alkalies is re-
garded as due to the predominant influence of the hydrion (H*)
over all other kations, and to the similar predominance of the
hydroxyl ion (OH’) over all other anions. All hydrosols contain
H' and OH' ions, the sol is positive or negative, according as the
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disperse phase receives the H* or the OH’ ion. The writer pur-
posely chose ‘‘receives’ as a non-committal word, for on its inter-
pretation hangs the theory of the origin of the electric charge.
This * reception’’ of the H" and OH’ ions has been variously
ascribed to their solubility in, their diffusion into, their adsorp-
tion by, and their chemical combination with the colloid. There
is here room for much difference in opinion and still more room
for experiment. Many explanations have been made to fit the
facts, but that does not make them correct. As the writer is
stating here his own views he has got to come ‘‘ off the fence”
and favor one of these theories rather than the others. It seems
to him that the issue lies mainly between the chemical combina-
tion and the adsorption theory, for little is known of the solu-
bility or diffusibility of ions. In this connection reference must
be made to the work and views of Procter and his collaborators,
who have advanced the theory of chemical combination with
great force and used their generalization to explain the swelling
and falling of colloid jellies, and to account also for the electric
charge [see Collegium (London), 1917, p. 3, for bibliography
and summary]. These authors explain the action of acids on
gelatin and collagen as due to a chemical combination of the acid
with the gelatin, with the formation of a highly ionizable protein
salt, e.g. gelatine chloride, thus:
NH NH, +
R<| + HCI 2R | 4 cr.
: Cco CcoO

The osmotic pressure of the anion causes swelling, and the posi-
tive charge of the acid cation is thus communicated to the colloid
by its inclusion in the imide group. In alkaline solution the
proteid also is said to form a similar highly ionizable salt but
with the carboxyl groupings of the proteid molecule. Thus
with caustic soda :

NH
R< |+ NaOH T2 NH,. R. COO’ -+ Na".
co

On these assumptions Procter accounts well for the swelling
effect of acids and alkalies, and for the appropriate electric
charge on the protein in acid or alkaline medium. ‘The theory
thus depends upon the amphoteric character of collagen and
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other proteids. The amount of hydrion (or anion) *‘ received ”’
z=yger+ &

is on this theory given by the expression where z = amount of
ion taken up, x the concentration of the surrounding solution,
and e the excess congentration of the diffusible ions in the jelly
over that in the surrounding solution. One feels that the work
of Prof. Procter on this big subject is as yet uncompleted, and
one looks forward to further developments of his theory and to
its more perfect correlation with the wider facts of colloid chem-
istry, especially with the swelling and falling of jellies which
contain no amido or carboxyl groups and with the lyotrope
influence on imbibition. Equally does one look forward to his
criticism of alternative theories as to the origin of the electric
charge, especially of the adsorption theory. In the meantime
his extensive work on, and prolonged consideration of this
subject contribute to the conclusion that his theory should re-
ceive most respectful consideration.

Prof. Procter’'s disciple, Mr. J. A. Wilson, has energetically
drawn certain corollaries from Procter’s theory which are very
provocative of criticism. These have been elaborated into a
theory of tanning whiclh the writer has a strong disinclination to
accept. In vegetable tannage the gelatine ion is said to react
with the ionized tannic acids with the production of an insoluble
precipitate which is leather. The chrome tannage is of funda-
mentally different nature, and the chrome combines with the
acid groups of the protein molecule after hydrolysis of the
—NH—CO—groups. Mr. Wilson’s equations have been quoted
in the introduction to this article. He has definitely recognized
(J.A.L.C. A., 1917, p. 122), that the chemical combination—
ionization theory is in disagreement with the adsorption theory
as to the origin of the electric charge on the gelatin particles and
also in regard to its quantity, the two equations being :—

lonization theory Adsorption theory

n

2 = 1/ gex 4 & 2Ry x.
He adopts the ionization theory as resting on ‘‘well founded
assumptions,’’ and lightly dismisses the adsorption theory as
‘“merely empirical.”’

It is perhaps typical of Mr. Wilson that he prefers to theorize
5

e — — ——
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by the deductive rather than by the inductive method. He
builds his theory of tanning on Procter’s theory of imbibition,
which rests upon the ionization theory. It is perhaps equally
typical of the writer that he prefers the inductive method, and
would prefer to build his theory of tanning as much as possible
upon experimental facts rather than upon other theories. In
the realm of science the author must confess himself a thorough
pragmatist, and Wilson's airy dismissal of the adsorption theory
as empirical is sufficient to induce the writer to defend it. That
the adsorption theory had an empirical origin is, in the writer’s
opinion, one of its strongest recommendations. That adsorption
is a widely distributed phenomenon is another strong recom-
mendation. Moreover, the adsorption law 1s not ‘‘ merely em-
pirical ;' whatever its origin, it now rests upon as sound a basis
of theory as the ionization theory. Theadsorption law is almost
a necessary deduction from surface tension phenomena and rests
upon equally ‘‘well founded assumptions.”’ The author will
not now attempt any further criticistn of Wilson’s theory of tan-
ning, except definitely to state that he is in profound disagree-
ment with Wilson’s conclusions : (1) that vegetable tannage is
an ionic reaction, and (2) that chrome tannage is fundamentally
different in action and nature from vegetable tannage. Mean-
while the author is content to adopt the adsorption theory and
will now proceed with his own views as to the nature of the tan-
ning process.

The adsorption theory explains the origin of the electric
charge on colloid particles as an adsorption of the electrically
charged ions, and experimental investigations of the electrical
properties show that the effect of ions on the electrical properties
is greatest at very small concentrations, rapidly falling off as the
concentration increases. The fact that the effect of ions is rela-
tively greatest at small concentrations is what is expected from
the adsorption law. The adsorption theory explains the pre-
dominant effect of hydrion and hydroxyl ion on the electric
charge and electrical properties by stating that these ions are
more readily adsorbed than other ions. Further, it concludes
that OH' is more readily adsorbed than H°®, for most sols are
negative to water. In the case of many lyophile sols the nature
of the charge is often an accidental matter, and the pure colloid
is iso-electric with water. The addition of acid or alkali to such
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a sol makes it positive or negative by the relatively greater
adsorption of H* or OH’ ions respectively. Collagen and gelatin
are primarily slightly positive, but the electric charge is easily
reversed and is practically determined by the acidity or alkalinity
of the medium. In tanning the medium is invariably acid so
that collagen is a positive gel.

Aqueous infusions of vegetable tanning materials yield a sol
which is lyophile, and which, like most sols, is negative. Most
lyophile sols are a stage nearer true solutions than the Jyophobe,
and the hydrophile sols of the tannins are in all probability
nearer than the average of their class. Indeed they verge into
what have been called ‘‘ emulsides,’’ 7. e. substances intermediate
between emulsoids and true solutions, colloid sols having un-
usually high dispersity (amicrons). Now a hydrophile sol is
conceived as having the colloid as well as the dispersion medium
in both phases; hence the dispersion medium of a tannin sol
contains some tannin in true solution, and in this solution the
tannin ionizes to some extent giving the hydrion and an organic
anion. It is important to visualize correctly the constitution of
a tannin infusion, in order to understand its properties and be-
havior. It consists then of minute droplets (less than 6 uu diam-
eter) of a strong solution of tannin dispersed in a much more
dilute solution of tannin. The droplets adsorb OH’ from the
ionization of the water forming negatively charged particles,
while some of the tannin dissolved in the dilute solution is
ionized. The disperse phase will of course tend to adsorb the
ions of the dispersion medium, and although the charges are
equal and opposite, the hydrion is the more strangely adsorbed
and tends to discharge the negative charge on the disperse
phase. It is clear that the addition of acids, (especially if
strongly ionized) to the dispersion medium, will also tend to
discharge the adsorbed hydroxyl and precipitate the colloid.
Thus in strong tan liquors a precipitate is obtained with numer-
ous acids, and the text books record that tannin is ‘‘ insoluble in
dilute sulphuric acid.”” This indeed is one of the main func-
tions of the acids in tan liquors, to render the sol less negative
and more liable to precipitation. Hence sour tan liquors give a
quick tannage of the exterior of the hide, exhibit relatively less
diffusion into the hide, but give a heavier precipitation. The
negative sol, nearly precipitated by the acids, is immediately

. — — - — ——
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precipitated by the positive gel. Conversely, sweet liquors tend
to diffuse more quickly through the hide and through the hide
fibers, but give a lighter tannage. The addition of alkali to tan
liquors has of course opposite effects. The alkali tends to
stabilize the negative sol. In practice alkali is added only when
a limed hide is inserted in a much used and acid liquor. The
lime, soda, and ammonia then neutralize a portion of the acids
of the liquor, forming lactates, acetates, etc. In this case, how-
ever, not only is the tannin stabilized by the neutralization of
the hydrions, but there is also a new effect, that of the ions of
the neutral salts. The presence of neutral salts in tan liquors
has therefore an effect on the tanning process second only in im-
portance to the hydrion concentration. This influence is in
accordance with the valency rule, the ions tending to stabilize
or precipitate the tan according to the quantity and nature of
their own charge. As the sol is negative the kations have pre-
dominant influence in tending to precipitate the colloid ; thus
Fe™ > Ca* > Na°®. Hence the danger of ‘‘iron stains’’ and
‘‘lime scum.’”’ The anions tend to stabilize the tan, especially
if multivalent; thus PO,”” > SO,” >> Cl'. Now organic anions
are particularly liable to adsorption, and as these frequently
exist in such liquors their effect is of distinct importance in the
tanning process. They also of course obey the valency rule;
thus citrates””’ > tartrates’’ >> acetates’. The presence of such
salts as these, which stabilize the negative sol, especially if com-
bined with a monacid base, will favor the diffusion of the tan,

instead of its early precipitation. Hence, if even the most
astringent tans be used, they may be ‘‘ mellowed'’ by the addi-

tion of such salts to the liquors. The hide is quickly ‘‘struck
through’ and a soft leather results, partly also on account of
the lyotrope influence in reducing imbibition, as discussed above.
This is doubtless the explanation of some experiments published
by the author some years ago (/. S. C. /., 1908, p. 1193) in
which substances like sodium sulphite, and sodium acetate were
added to mimosa bark liquors. In many tanning infusions, such
salts occur naturally. We see, therefore, that salts of the
‘“sodium citrate’’ type tend most to stabilize the tanning sol,
and assist diffusion both through the hide and into the gel, and
that salts of the ‘‘aluminum chloride’’ type tend most to precip-
itate the tan. In general, the salts usually present in used tan
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liquors tend to stabilize the sol and prevent immediate precipita-
tion. This is another factor, producing what is known as the
‘“ Mellowness '’ of old liquors. It should be remembered, how-
ever, that vegetable tan liquors are mixtures of sols of differing
nature, charge and dispersity and that the different individual
colloids are affected in perhaps different degrees.

Thus far we have considered only the effect of electrolytes in
determining the nature and amount of charge on the hide gel
and on the tanning sol. We have now to consider the action of
the one on the other, the mutual precipitation of the two
colloids. Now there is clearly an amount of negative tanning
sol which is equivalent to a given amount of positive hide gel,
amounts which possess equal and opposite charges and which
disappear in the electrical discharge associated with the co-
precipitation of oppositely charged colloids. It must be empha-
sized, however, in contradistinction to Wilson, that this is not a
chemical equivalence, nor is the precipitate, —which must con-
tain the two colloids in practically constant proportions—to be
regarded as a chemical compound, in spite of its nearly constant
composition. 7he equivalence is electrical, and the maximum
precipitation occurs when the positive charge on the one sol
exactly equalizes and neutralizes the negative charge of the
other. With lyophile colloids, moreover, there is a further com-
plication known as *‘ protection,’’ the essential feature of which
is that an excess of either positive or negative sol * protects’’
both from precipitation. The co-precipitation and electrical dis-
charge occur only in a middle zone—usually narrow, and flanked
on either side by zones of partial precipitation. On either side
of the optimum mixture the mixed sol is negative or positive
according as one or other component is in excess, although the
sol contains both ; and this is true whether partial precipitation
has taken place or not. The mutual precipitation of positive
hide gel and negative tanning sol is, therefore, very far removed
from a simple ionic reaction and the precipitate cannot be called
a chemical compound. The precipitate from these has not
indeed a constant composition ; it contains certainly both com-
ponents, but so does the remaining sol, except in those rare
circumstances where absolutely complete precipitation has
occurred. In tanning, precipitation is always on one or other
side of the optimum, and the precipitate does not contain the

o — —— p— > 7 —— _ _
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whole of the component which is in defect.* Thus the idea of
‘‘ soluble leather,”’ suggested by Dr. Parker, has a sound theo-
retical basis.

As we are thus not dealing with an ionic reaction it is a
matter of first importance in tanning to consider those factors
which affect the optimum precipitation, for these naturally also
determine the ‘‘ completeness’’ or ‘‘soundness’’ of the tannage.
Four of these factors of special prominence and importance will
be mentioned. The optimum precipitation is affected: (1) by
the number of particles required, or, in other words, by the
amount of electric charge on each particle. This (as mentioned
above), is determined by (a) the hydrion concentration, in a
less degree by (&) the concentration and multivalency of other
kations, and in a still less degree but in the opposite sense by
(¢) the concentration and multivalency of the anions, especially
the strongly adsorbed organic anions ; (2) by the size of the par-
ticles, 7. e., the dispersity of the sol: hence, different tanning
materials must give different weights; (3) by the relative con-
centration of the two colloids: in practice this involves chiefly
the concentration of the tanning sol, 7. €., a weak liquor takes
longer time to attain precipitation; and (4) by the rate of
admixture of the two components: it is a general occurrence in
colloid precipitations that if the precipitating reagent be added
slowly a much larger amount- is needed for complete precipi-
tation, the slower the reagent is added the greater is the excess
of it needed. ‘Thus the hide gel in tan liquors becomes *‘accli-
matized ’’ to the tanning sol, and the more slowly the hides are
moved forward into stronger liquors, the more tannin is event-
ually needed. This is one of the theoretical justifications of the
time-honored method of tanning in liquors of increasing strength.

E S * * *

The preceding remarks have been all primarily applicable to
the ordinary vegetable tannage, and it is now necessary to
answer the theory of chrome tannage in relation to the above.
How far does the chrome tannage offer analogies to the theory of
vegetable tanning just outlined? Wilson regards the chrome
tannage as something fundamentally different in essential nature,

¢ Hence the unsatisfactoriness of removing tannin frem solutions by
adding a gelatin solution.
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but the writer would suggest rather that those essential actions
of vegetable tannage assigned above, are also essentially found
in the chrome tannage, the difference being mainly one of
degree. Thus the hide gel is immersed into a lyophile sol,—the
chrome liquor—and there follows lyotrope influence, adsorption,
gelation of the tanning sol, as well as diffusion into the gel, and
finally also, probably, precipitation of the tanning sol at this
interface. ’

In chrome tannage the lyotrope influence is much more promi-
nent than in vegefable tannage, but the effect is in the same sense,
viz., to reduce the imbibition of the hide gel. Thus the potas-
sium sulphate in a chrome alum liquor has its own specific action
of this kind and contributes to the leather formation. Unhy-
drolyzed chromium sulphate, and the sodium sulphate formed in
*“making basic,”’ act also in the same sense.

The tanning sol is probably chromium hydrate, formed by the
hydrolysis of chromium sulphate : it is a lyophile or emulsoid sol
and is in consequence very strongly adsorbed by the hide gel.
This adsorption, involving a concentration of lyophile sol, is the
first stage in gelation, which occupies a relatively more promi-
nent place in the chrome than in the vegetable tannage. Some
diffusion into the gel also occurs, and both the gelation and
diffusion of the sol are affected by lyotrope influence, but to a
greater extent than in the vegetable tannage. Thus far the
analogy is almost complete.

There remains the question of the precipitation of the tanning
colloid at the interface. This is a point which has not yet been
thoroughly investigated, and which offers considerable difficulty
to a clear understanding, but the matter may be probably sum-
marized thus: the adsorbed chromium hydrate is precipitated at
the interface of gel and sol to some extent, chiefly through the
neutralization of its charge by the oppositely charged ions of the
electrolytes present, but possibly also—in the last stages of man-
ufacture by the mutual precipitation of oppositely charged gel
and sol.

To illustrate the matter, the case of a basic chrome alum liquor
will be considered. The chromium hydrate sol is primarily a
positive sol, just like ferric and aluminium hydrate sols: 7. e., in
water they are somewhat exceptional, in that they adsorb H°®
rather than OH’. To cause precipitation, thel_'efore, it is neces-
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sary to make the sol less positive and more negative. The posi-
tive charge of the sol, however, is greater than in water, because
of the free acid formed in the hydrolysis, which results in the
adsorption of more hydrions by the sol. Hence to insure pre-
cipitation steps must be taken to reduce the adsorption of hy-
drions by the chromium hydrate sol. In practice such steps are
taken, and to such an extent that there can be little doubt that
the chrome sol is not far from its isoelectric point. Among these
‘“steps’’ are (1) making the liquor ‘‘ basic’’—i. e., adding alkali
to neutralize much of the free acid, which involves a considerable
reduction in the stabilizing effect of the hydrions; (2) the ad-
sorption of hydrions by the hide gel when first immersed in ap-
proximately neutral condition; (3) the operation of the ‘‘ valency
rule’’ that the predominant ionic effect in discharging is due to
the multivalent anions. In this case the divalent SO,” ion assist
materially in discharging the positive charge on the chrome sol;
(4) the final process of neutralization in which still more alkali
is added. The operation of the valency rule is the most complex
of these factors, for there is also to be considered the stabilizing
effect of the kations, especially of the trivalent kation Cr*** from
the unhydrolized chromium sulphate. It is quite possible also
that in the last stages of chrome tanning there are ‘‘ zones of
non-precipitation’’ due to the total effect of multivalent ions, and
it is quite conceivable that the chrome sol may change its sign—
2. e., become a negative sol and thus give also a mutual precipi-
tation with the hide-gel. This is particularly probable where a
local excess of alkali occurs in neutralization. However that
may be, it is probable that most of the tannage is accomplished
by chromium hydrate in acid solution, and it is, therefore, legiti-
mate to conclude that adsorption and gelation have a relatively
greater part in chrome tannage. The operation of the valency
rule makes it easy to understand why basic chlorides do not tan
so well as sulphates; the precipitating anion is only monovalent
(Cr), and chromic chloride contains no substance analogous to
the potassium sulphate of chrome alum, and, hence, contains a
less concentration of the precipitating anion. Hence, also, the
stabilizing influence of common salt added to a basic alum liquor,
the effect being to replace partially the divalent SO,’ by the
monovalent CI'.  Wilson has recently (Collegium, 1917, p. 108,
from /. A. L. C. A., 1917, p. 458) questioned this, on the strange
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contention that ‘‘the addition of even small quantities of elec-
trolytes to chromium hydroxide sols results in precipitation.’’
It need hardly be pointed out that such small quantities so op-
erate only on the practically pure or dialyzed sol, while in chrome
liquors the sol is in acid solution, the most favorable circumstance
for a stable positive sol!

It is possible to make out a rather weak case that the tanning
sol is not chromium hydrate at all, but a basic salt of chrome
also in colloidal solution, and to contend that this salt, like most
substances, forms a negative sol, but in practice not negative
enough, hence the desirability of alkali, divalent anions, etc.
From this point of view the analogy with vegetable tannage be-
comes more complete, and the stabilizing effect of the soda salts
of organic acids becomes easy to understand.

It is highly probable that the electrical properties of the chrome
sol need closer investigation on account of the complexity due to
the prominent effect of multivalent ions. It is desirable to bear
in mind the remarkable phenomenon observed by Burton (/Pkil.
Mag., 1905, 12, p. 472), who added various concentrations of
aluminium sulphate to a silver sol (negative). He observed (1)
a zone of non-precipitation due to protection; (2) a zone of pre-
cipitation due to the trivalent kation; (3) a second zone of non-
precipitation due to protection after the sol has passed through
the iso-electric point and become a positive sol; (4) a second zone
of precipitation due to the precipitating effect of the anion on the
now positive sol. It seems to the writer that similar phenomena
may possibly occur in chrome tanning, for whatever the sol act-
ually is, it is not far from the iso-electric point.

A few observations on the vegetable-chrome combination tan-
nages will not be out of place at this stage. Wilson refers to the
well-known practical fact that chrome leather can take up about
as much vegetable tan as if it were unchromed pelt, and considers
this evidence that the two tannages are of fundamentally differ-
ent nature. ‘‘In mineral-tanned leathers the metal is combined
with carboxyl groups, while in vegetable-tanned leather the tan-
nin is combined with the amino groups. This strongly suggests
the possibility that the two methods of tanning are to some ex-
tent independent of one another, and that a piece of leather
tanned by one method may remain as capable of being tanned
by the other method as though it were still raw pelt'’ (Collegium
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(London), 1917, pp. 110-111). ‘To the writer, however, it seems
that the facts are evidence for the contrary proposition, that the
tannages are fundamentally of the same nature. On the adsorp-
tion theory, one would expect chrome leather to adsorb as much
tan as pelt; the readily adsorbable tan is the same, and the
chrome leather is an adsorbent of very much the same order of
specific surface as pelt. ‘The adsorption theory would find it dif.
ficult to account for chrome leather not adsorbing as much tan
as pelt. It is quite conceivable that a chrome leather could
adsorb more tan than pelt, owing to the more complete isolation
of the fibrils by the chrome tannage and to their being coated
over by a more adsorbent gel. Adsorption is often deliberately
increased by a preparatory adsorption. Thus sumac-tanned
goatskins are wet back from the crust and ‘‘re-tanned’’ in sumac
before dyeing to coat the fibers with a fresh and more adsorbent
gel, and so insure the even and thorough adsorption of the dye-
stuff. Mordanting fabrics has a similar object—the adsorption
of colloidogenic substances which give rise to an adsorbent gel
on the fiber. Unless vegetable-tanned leather is so much loaded
with tan that its specific surface is effectively reduced, one would
similarly expect that vegetable-tanned leather would adsorb the
chrome sol. This, of course, is exactly the case of semi-chrome
leather. 1f, on the chemical combination theory, the vegetable
tan combines with the amino groups and the chrome with car-
boxyl groups, it is natural to inquire which groups the dyestuffs
combine with. As either tannage does not interfere with the
adsorption of dye, are we to conclude similarly that tanning and
dyeing are fundamentally different processes? Perhaps Mr.
Wilson will give us an equation for the formation of leather from
pelt by the action of dyestuffs,—a practical though hardly an

economic process.

In addition to the various essential actions of tanning hitherto
discussed, viz., lyotrope influence, adsorption, diffusion, gelation,
and precipitation, there are also changes subsequent to these
which previous writers have designated as ** irreversible changes.”’
The author confessedly fights shy of this term. The modern
developments of colloid chemistry indicate that the old ideas of
irreversibility must be revised. Of recent years many so-called
““irreversible”” changes have been reversed with ease, and with
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the development of knowledge as to the nature of the changes we
may expect many more such reversions. Hence, the author is
disinclined to admit irreversible changes in tanning. Undoubt-
edly changes occur after the actual process of tanning which ren-
der the tannage more permanent and less reversible, but these
changes are, in the writer's opinion, continuations of the various
actions discussed above, more particularly the further dehydra-
tion of the gel and the electric discharge in mutual precipitation.
If this view be correct, then not only are both the vegetable and
chrome tannages conceivably reversible processes, but also it is
possible to lay down the principles or conditions under which we
should most expect to obtain reversicn. The problem, in fact,
becomes merely to attain conditions which favor the solation of
the tanning agent, the solation of the tanning gel, ard the sola-
tion of the precipitated colloid.

Consider, first, the vegetable tannage. Solation of gels is
greatly assisted by preliminary imbibition. Now, when a gel
imbibes water heat is evolved, but when a gel solates heat is ad-
sorbed; hence, the more favorable procedure for the solation of a
dehydrated gel is first to secure imbibition in cold water and then
assist solation by heat. ‘This procedure is usual indeed in mak-
ing a gelatin solution, in the analysis of tanning materials, and
in leather analysis during the estimation of ‘‘ water soluble mat-
ter.”’ It isthe first and obvious procedure in stripping vegetable-
tanned leather. The solation of the precipitated tan is the more
difficult matter, for it involves the return of the electric charge
characteristic of the sol. Now some precipitations of colloids
are readily reversible, while others are apparently not, and be-
tween these extremes lie the majority of sols. In many cases
reversibility is a matter of time, and the division into reversible
and *‘irreversible'’ precipitations depends upon an arbitrary in-
terval of time. This corresponds to the ageing of mineral-tanned
leather. The tannins being primarily negative sols, the employ-
ment of some reagent which assists the adsorption of hydroxyl
ions must evidently be chosen. In practice, therefore, alkalies
are used for partial stripping. Unfortunately a complication
arises, owing to the oxidation of tannins in alkaline solution, and
this renders impracticable the complete stripping by such agents
as caustic soda and sodium carbonate. The use of such agents
is also impracticable on account of the hydrolysis of the collagen.
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In consequence one is obliged to use only slightly alkaline agents
and to consider other methods of imparting a negative charge to
the colloid. The use of neutral salts with multivalent anions is
naturally suggested by the adsorption theory and the valency
rule. ‘The author has experimented with many such salts, and
has found that sodium sulphite is one of the most efficient. In
this salt we have a weak (adsorbable) dibasic acid, combined
with a monacid base, yielding solutions that are alkaline to
methyl-orange but not to phenolphthalein. This sall possesses
the further advantage that its reducing powers check the ten-
dency to oxidation in even faintly alkaline solution. Its power
for solating tannins have also been previously demonstrated in
the ‘‘ solubilizing '’ of quebracho phlobaphenes. Similar consid-
erations point to borax as an alternative, though less satisfactory
in the early stages of stripping, on account of its greater hydroly-
sis and alkalinity. Borax, also, has been used for the solation
of phlobaphenes. In the author’s opinion the complete reversi-
bility of the vegetable tannage is quite possible, but its economic
exploitation is as yet impracticable owing to considerations of
time and expense.

The reversibility of the chrome tannage is an easier proposi-
tion, partly because the leather is comparatively much less tanned,
and partly because the acidity or alkalinity of the stripping agent
may be adjusted, as desired, without the oxidation trouble. In
approaching this question from the theoretical side one must
consider mainly whether to solate the tanning agent to a positive
or to a negative sol. Our imperfect knowledge of the electrical
forces in operation in the chrome tannage is thus a serious draw-
back, but the evidence on the whole points to the precipitation
being effected by a negative sol near its iso-electric point, but in
faintly acid solution. Hence, we should theoretically expect
that reversion should take place into a negative sol in nearly
neutral or even faintly alkaline solution. Thus, suitable strip-
ping agents for chrome leather would be the alkali salts of organic
acids (especially if multivalent). Now, Procter and Wilson have
recently accomplished this stripping of chrome leather by the
use of such salts. They approached the question from an em-
pirical and practical point of view, and found that Rochelle salt,
sodium citrate, and sodium lactate would strip the chrome tan-
nage with ease. This‘important and very creditable achievement
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will have great practical and commercial importance. Procter
and Wilson have deliberately and carefully refrained from offer-
ing an exact explanation of this reversible action, but point
out that all their stripping agents are salts of Aydroxy-acids,
and strongly insist that these form soluble complexes with the
chrome. While not denying this in the least, the present author ~
would point out that, according to the views advanced in this
paper, the salts of organic acids which do not contain hydroxyl
groups should, when combined with a monacid base, also strip the
chrome tannage. This he has found to be the case. Thus the
chrome tannage is reversible in solutions of ammonia or potas-
sium oxalate and of ammonium acetate. With these salts the
full effect of multivalent anions is not attained, so that somewhat
strong solutions are necessary. A 10 per cent. solution of am-
monium acetate shows some stripping effect after a few days,
but a 40 per cent. solution after a few hours. Saturated am-
monium oxalate is only a 4.2 per cent. solution, but shows a
stripping effect in 2 to 3 days. Potassium oxalate (33 per cent.)
shows distinct stripping in 24 hours. Potassium acetate and
sodium acetate show only slight action, because the solution is
too alkaline, but strip if acetic acid be added, until litmus is just
reddened. It is noteworthy from a theoretical point of view that
a 4o per cent. solution of ammonium acetate is distinctly acid,
and indeed smells of acetic acid. There can be little doubt that
such stripping actions are also connected with the solubility of
the stripping agent in the gel, for the liquid must pass through
the walls of the gel to dilute the liquid in the interior. This
view fits in with the facts that hydroxy acids and ammonium
salts are particularly efficient, for the tendency of chrome to form
ammonia-complexes as well as hydroxy complexes is well known.
From this point of view we should not expect a stripping action
from a salt such as disodium phosphate which would form an in-
soluble substance. Actually sodium phosphate does not strip,
and indeed reduces the stripping power of ammonium acetate.
Similarly, we might expect some stripping action by ammonia
and ammonium chloride, with the formation af chrome ammonia
complexes. This actually occurs, a pink solution being obtained.
Sodium sulphite does not strip, possibly partly on account of
its too great alkalinity, but is interesting theoretically to observe
that sodium sulphite as well as Rochelle salt will strip salt stains

— par— - N - ) — R L e T —
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(see Yocum’s patent, Collegium (London), 1917, p. 6; also
Procter and Wilson, /Joc. c7¢.). This points to the formation of a
negative sol, and suggest many other substances for removing
salt stains. Another side issue is that any of the chrome tannage
stripping agents might be used to wet back a long dried out
heavily chromed-h%e powder, though whether an analytical
method with such a course is desirable is now doubtful. The
above stripping tests were on a chrome leather tanned 4 years
ago, dried out without oiling and kept in a warm place.

In conclusion, the author would like to admit that the above
re-statement of the theory of tanning is more polemical than
experimental. It is true that it involves some extension of earlier
adsorption theories, that it explains and correlates many experi-
mental results previously published by the writer, and by others,
and that it contains some new experimental facts, but in the
main it is due to the normal evolution of colloid chemistry at the
hand of many workers. It has been the author’s chief care that
this theory should be in as complete harmony as possible with
our present knowledge of the colloid state. In doing so he
feels on much safer ground than in theorizing over a more limited
field and in generalizing from experiments with only a few sub-
stances. Colloid chemistry is advancing at a much more rapid
rate than the experimental investigation of the theory of
tanning, so that much of the foregoing theory is almost a
necessary corollary of the wider facts of colloid behavior. The
author claims merely that he has found the above theory the best
explanation of the phenomena of tanning, that it supplies sound
guiding principles for practical application, ready explanations
for apparent anomalies, and a fertile field for investigation and
research.

Much remains still to be done, especially in correlating the
valency rule, the lyotrope series, and the adsorption law. These
three generalizations of colloid chemistry are of vital importance
to the tanning theory, and upon our increased knowledge of
these phenomena lies the chief hope of advancement in the
theory of leather formation.

Little reference has been possible to the views of Dr. Moeller,
as only translations of very vague summaries are as yet avail-
able. Meanwhile, his apparent view that the real tanning
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agents are what one generally terms ‘‘insolubles’’ and ‘‘non
tans'’ is almost as startling as Mr. Wilson’s blood-curdling
equations.

SOL AND GEL CONDITION OF GELATIN SOLUTIONS.
PART II. SWELLING.*

By L. Arisz.
Kolloidchemische Beihefte, 1915, Vol. 7, p. 42.

While the first part of this paper, (Abst. this Jour., 1917, p. 536)
discussed the changes produced in a a gelatin solution of uniform
concentration by variations of temperature, the present part deals
with the effects of varied concentration at uniform temperatures.
While the changes in solutions can be followed by observation
of viscosity, a different method must be adopted in the case of
gelatinized solutions which will not flow.

Sols.—A 15 per cent. solution of washed gelatin dried over
sulphuric acid, was made at 70° C. and cooled and preserved for
5 days at 20°, and was then diluted to { per cent. The viscosity
was of course much reduced by dilution, and in a portion kept
at 20° C. continued to diminish. On the other hand, that of a
portion heated to 70° was at once much reduced, and after cooling
to 20° gradually increased, so that presumably both solutions
would ultimately have reached the same equilibrium viscosity.
Another experiment, in which similar solutions were retained
at 12° gave analogous results, but the differences in viscosity
were much greater, and tended very slowly to equilibrium. This
is in complete agreement with the previous work on sols (/loc.
cit.), and shows that a gel, when sufficiently diluted, even when
below its melting point, will slowly assume the sol form corre-
sponding to its dilution and temperature.

Jellies.—The method of Hofmeister' was adopted, on which
blocks of jelly were suspended in a large excess of water, and the
degree of swelling from time to time determined by weighing,
after wiping with filter paper. For comparative experiments all
the blocks were made from the same solution. Thin sheet gela-

* Abstracted in /. S. L. 7. C., Nov., 1917, by H. R. Procter, with notes
by the abstractor.
! F. Hofmeister, Arch. f. Exp. Path. & Pharm., 1890, 27, p. 395.
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tin swells in water at 30°, separates into flocks, and gradually
dissolves. Solution is complete in 24 hours. At 35°, 225 hours
only is required, and at 50° only about 2 minutes. Below about
30° the gelatin swells, but does not dissolve. The swelling,
rapid at first, either ceases at some point which it tends to, or
goes on with extreme slowness. At 25° (which is near the
melting point) it is apparently without limit, and at 12° some
slight increase was observed even after 3 weeks. Arisz does
not attempt to decide the point whether the swelling tends
to a definite maximum, but inclines to the view that there is a
maximum corresponding to the state of dilution and temperature,
but that slow changes of condition take place, tending to higher
maxima.

Nole.—1t is very difficult to avoid all risk of bacterial action in long
continued experiments with warm gelatin solutions, and even in absence of
bacteria it is not unlikely that slow change of the nature of hydrolysis may
occur. Theory also indicates that a change such as swelling, which pro-
ceeds at a constantly diminishing speed cannot actually reach that maximum
infinite time.

Arisz’s view is that the swelling and solution are two stages of the same
process, and of course infinite swelling must amount to solution, but there
is a good deal of evidence that the aggregation below the melting point is

different to that above it, even though in both cases a liquid is pro-
duced. 1bst.

Influence of Concentration on\ch'llz'ng.—The method of experi-
ment adopted was as follows: Thin sheet gelatin (presumably
washed) was dried over sulphuric acid and weighed, and then ex-
posed to saturated water vapor, of which it absorbed about one-
fourth of its weight. This jelly was liquified at 70°, diluted with
water to the required concentration, and after complete mixture
was cast in moulds to blocks of 33 X 7 X 4 millimeters. Blocks
were made of 80, 50, 20 and 10 per cent. and immersed in water
for various periods, and the gain of weight, was noted after blot-
ting off adhering water. Eighty per cent. was the maximum
possible concentration, since beyond this the jelly will not liquify
at 100°. As by this procedure the water was obviously, at any
given time, unequally distributed in the blocks, the gain of
weight was simply stated as a percentage of the actual gelatin in
the block, which was reckoned as unity.

Note.—1t is obvious that the gain of weight thus stated is a very com-
plex function, of which it is not easy to visualize the significance, and it is
probable that the anomalous effects observed in several cases were due
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partly to this and partly to the unequal distribution in the blocks, which of
course tended to equalize itself as the time of soaking was extended, owing
to internal diffusion in the block. This last point is noted by Arisz. The
rate of absorption is largely if not mainly dependent on the rate of diffusion,
as was pointed out by Hofmeister, and therefore is greatly affected by the
size, and especially the thickness of the blocks, and the method of experi-
ment does not seem well adapted to give general and intelligible results.
Arisz alludes to the deformation of shape of thick blocks in the early
stages of swelling, from the more rapid adsorption at the edges remarked
by Hofmeister, but assumes that in the later stages when this has *‘ nearly "’
disappeared the distribution is really equal, which is extremely improb-
able. Abst.

The blocks swell not merely when placed in water, but also in
more dilute sols, and eveu in a 1 per cent. solution, which gela-
tinized, no observable slowing of swelling occurred.

The effect of time is what would be expected from the previous
work on sols. Blocks cooled rapidly to 10° and 20° and at once
placed in water swell more rapidly, and apparently to a greater
extent than others which have previously been preserved at these
temperatures for from 1 to 7 days.

If preserved at temperatures other than that of the water in
which they are allowed to swell, the result is naturally more
complex. The *‘ripening’’ takes place more rapidly at 20° than
at 10°, but as would be expected, the polymerization or other
change opposing swelling does not go so far at the higher as at
the lower temperature.

If a jelly-block after say 2 days swelling is removed from water,
and preserved in saturated aqueous vapor for a time, and then
returned to water, its rate of swelling is at first more rapid than
that of a block which has remained in water, and which is there-
fore already more swollen, so that the swelling of the former
tends to overtake that of the continuously swollen block, though
it does not actually reach it in a limited time, but, no doubt,

would ultimately attain the same maximum.

Note.—The cause of this is not fully explained by Arisz, but obviously
depends on the unequal distribution of the water in the layers of jelly, that
from the more fully swollen surface gradually diffusing inwards during the
stay out of water, and leaving the surface dryer, and therefore able to absorb
more rapidly. The process must also be complicated by the time required
for the gelatin to reach the state of aggregation corresponding to its new
dilution. Aést.

If, during its stay out of water, the jelly is exposed to a higher
temperature, say 20°, while the swelling takes place at 10°, in-
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ternal changes take place, probably in breaking down of larger
to smaller complexes, which increase its capacity for swelling, so
that when it is returned to water at 10° the swelling is at first
much more rapid, but gradually reverts to the rate proper to 10°.
If these alternations are repeated, very complicated curves of
swelling are produced, but the final result approximates to that
of swelling continuously at the higher temperature. The effect
even of so short an exposure to the higher temperature as 15
minutes is obvious, but increases with longer exposures.

It would be expected, therefore, that the effect of transference
from water of a lower to that of a higher temperature would be
at once to increase the rapidity of swelling, but curiously the
change from water of 10° to water of 20° has at first the effect
of causing an actual contraction and expulsion of water, while
conversely change from 20° to 10° begins by increasing the rate
of swelling, which, however, soon reverts to that proper to the
temperature at which it is taking place. Still more striking is
the observation that if jelly which has been swelling at 10° is
removed into a moist atmosphere at 20°, actual drops of water
are expelled and appear upon the surface. These effects are not
very obvious in the early stages of swelling, but become more
marked as the swelling approaches its maximum. The appear-
ance of drops on the surface of a cold jelly brought into a warm,
moist atmosphere might be attributed to condensation which
could not be rapidly enough absorbed, but this would furnish no
explanation of the observed loss of weight in water. Arisz re-
calls the observation of Bjerkén,® that jellies stretched about 10
per cent. are contracted by heat, and points out that swollen
jellies are in a state of tension, and Tyndall in his lectures on
‘‘Heat as a mode of motion’’ refers to a similar effect with
stretched rubber, which conversely becomes heated by stretching.

Arisz discusses various theories of jelly structure and of swell-
ing, and points out that the earlier theories of cell-structure only
increase the difficulties of explanation by relegating to the cell
walls the very properties which it is sought to explain in the
mass. Itis not easy to form a clear picture of his own views of
structure, although he discusses it at considerable length, but

* Wied. Ann., 1891, 43, p. 817.
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from all the complex phenomena described, the following facts
seem to emerge.

1.—A change occurs on dilution, requiring time for its
completion.

2.—A change dependent on temperature, but also requiring
time for its completion. Both dilution and rise of tem-
perature appear to favor a more disperse state, or smaller
aggregates of the gelatin.

3.—The jelly structure in which the liquid is held is con-
tracted by heat, either by diminished attraction for the
liquid, or increased attraction of the gelatin for itself.

The ‘‘previous history’’ of the jelly, or in other words the extent
to which the above changes have already taken place in one or
the other direction greatly influences its behavior under any
given circumstances.

Paul V. Schroeder’ stated that jelly which had been fully
swollen in water lost moisture when exposed to an atmosphere
of saturated water vapor, a circumstance very difficult of ex-
planation if the jelly is really in equilibrium with the water,
since it is a law that when two phases are in equilibrium, they
are in equilibrium in every respect, and consequently not merely
in absorption of liquid water, but also in vapor pressures. V.
Shroeder’s experiments were apparently conducted with great care
and under considerably varied conditions but Arisz was unable
to reproduce his results, and inclines to the view that they were
due to errors of experiment. V. Schroeder is no longer living,
and is unable to defend his experiments, but they certainly de-
mand repetition under precisely the conditions he describes, which
were not completely fulfilled by Arisz. V. Schroeder himself
suggests that the results were due to the equilibrium not being
really a complete one, but still subject to slow time-changes
which prevented the process being completely reversible, and
Arisz’s own work renders this extremely probable. It may
however be mentioned that the present writer showed* from V.
Schroeder’s own figures that the forces involved in change of
volume near the point of maximum swelling were extremely

8 Zeits. [. Physik. Chem., 1903, 45, 109; ¢. p., also 1bid., p. 75, and Coll.,

1903, 2, 201.
* B. A. Reports, 1908, p, 201.
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small, and of the same order of quantity as the compressive
forces of surface-tension arising from the removal of the gelatin
from water, and it is by no means certain that this may not be
the true explanation.

Arisz’s own summary of his results is as follows:—

1.—The theory that a jelly is a system of cells or cavities
separated by walls offers no advantage as an explana-
tion of the jelly state.

2.—It may be supposed that the entrance of water in swell-
ing causes a change of size of the gelatin-particles, and
probably a diminution of their cohesion; and, converse-
ly, these changes influence the quantity of water which
the jelly can absorb.

3.—A jelly which has absorbed its maximum of water un-
dergoes change when it is preserved out of water, either
because the gelatin particles are larger, or because the
cohesion between the particles is stronger than would
be the case if the inner equilibrium were established
with a like water-content.

4.—The intensity of the contraction which a swollen jelly
suffers on warming is proportional to the resistance
which such a jelly offers to further swelling.

5.—The influence of temperature on the velocity of change
of gelatin plays an important part in the explanation of
observations on swelling and swollen jellies.

Note.—Par. 3 of the above summary is somewhat difficult of compre-
hension, but the abstractor has confined himself to giving the most accurate
translation he could without further comment, the only liberty he has al-
lowed himself being to use the word jelly throughout in place of the more
general and less specific gel, since all gelatin-gels are jellies, and the experis
ments relate only to gelatin-gels, and certainly are not applicable to many
of the colloid precipitates which are commonly included under the name of
gels.
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NOTE ON THE ALTERATION IN BASICITY DURING THE
TANNAGE OF HIDES IN ONE-BATH CHROME LIQUORS.*

By C. F. Barber and P. R. Barker.

The first series of chrome liquors taken consisted of three,
made up with chrome alum and sodium carbonate. Tannage
was commenced in each case with a liquor of 5° B. in the drum,
which was sampled for basicity every half hour, and at the same
time strengthened 5° until a gravity of 35° B. was reached.

No.1 No. 2
75 grms. chrome alum - 100 grms. chrome alum
5.3 ‘ soda 5.3 ‘' soda
1 liter water 1 liter water
Basicity as made up = 9o.5 Basicity as made up == 104.5
No. 3
125 grms, chrome alum
5.3 ‘“ soda

1 liter water
Basicity as made up == 117.1

The basicity at successive half hour intervals during drum-

ming was:
No. 1 No. 2 No. 3
98.5 109.8 117.2
109.4 114.3 117.8
108.6 113.6 116.8
112.0 114.0 15.1
112.2 118.8 11§.0
114.1 125.3 I11.4
I15.1 122.4

In every analysis the acid in the liquor was estimated by titrat-
ing with standard sodium hydroxide, using phenolphthalein as
indicator. The chromium was determined by oxidizing with
sodium peroxide, boiling to decompose excess, adding hydro-
chloric acid and potassium iodide and titrating the liberated
iodine with standard sodium thiosulphate, using starch indicator.

The second series of liquors was made up from potassium
bichromate, sulphuric acid and glucose, in the following propor-
tions :

*J. 8. L. T.C., Nov., 1917.
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No. 1 No. 2 No. 3
Water.eoeee ceeveeivreneanns 480 cc. 480 cc. 480 cc.
Potassium bichromate......... 240 grms. 240 grms. 240 grms,
Sulphuric acideeeecesrer e 200 . 200 “ 200 “
GIUCOSE ceeeeecernvencorcanan- 280 . 240 ““ 200 “
Basicity as made up........... 80.9 87.5 I10.2 *

The basicity, at successive intervals of three-quarters of an
hour, was as follows :

No. 1 No. 2 No. 3
96.7 86.8 68.5
87.2 76.5 76.5
89.0 75.6 77-3
81.4 77.1 76.5
86.3 75-3 89.9
88.6 76.0 77.3
83.9 79.4 104.2
88.0 77-3 81.7

These liquors were made up by boiling the potassium bichro-
mate in water until dissolved, cooling down to 50° C. when the
sulphuric acid was added. The boiling solution of glucose was
then added to this liquor. The whole mixture boiled during the
operation owing to the vigorous reaction.

In order to investigate the influence of temperature during the
reaction, three liquors were made up, using exactly the same
quantities of materials in each case but varying the temperature.

. Basicity
1. Made up as above and allowed to boil during operation...... 75.5
2. Never allowed to rise above go°® C........... seserscnsserans . 888
3. “ ‘“ [ " 70° Civereneiinnnnnnnee tennnann 92.0

The third series was made up from commercial one-bath
liquor. The first number in the series was the original liquor,
while the others were made from it with the addition of definite
amounts of strong sulphuric acid.

Original basicity was 76.

Commencing basicity of each number :
No.1 No. 2 No. 3 No. 4 No. 5 No. 6
76.0 89.1 99.8 113.4 127.3 139.5

Basicity at successive intervals of three-quarters of an hour:
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80.8 99.1 100.4 113.0 119.8 136.0
81.2 102.7 100.3 118.3 127.1 133.3
8o.1 90.7 105.3 116.7 127.2 136.0
79.6 9I.1 93.5 113.1 122.0 136.0
81.2 86.6 97.7 118.9 119.0 131.3
87.6 90.3 101.3 118.3 124.0 139.1
— 97.8 99.7 113.9 123.0 —

— — — I1.I 129.4 —

A fourth series of liquors was made up from potassium bichro-
mate, sulphuric acid and sodium thiosulphate, as follows:

No. 1 No. 2 No. 3

250 250 250 grams potassium bichromate
450 450 450 cc. water

150 175 200 cc. sulphuric acid

275 275 275 grams sodium thiosulphate
120.4 135.6 153.2 basicity as made up

The basicity at successive intervals of three-quarters of an
hour was:

1104 132.4 140.4
116.7 — 146.3
116.3 128.8 141.7
114.2 127.3 143.9
110.4 127.8 145.0
113.8 124.2 149.2
109.9 130.4 148.2
112.9 128.6 147.7

English hides were used in the tannage, of about 6o pounds’
weight, and were delimed by means of a mixture of formic and
lactic acids, and subsequently bated with an artificial bating
material containing a great amount of ammonium chloride.

ABSTRACTS.

Outline of Colloid Chemistry, I. W. D. BANCROFT. J. Franklin In-
stitule, 185, 1918, pp. 29-57. The author reviews and discusses the effects,
rather than the causes, of adsorption, giving 146 references and numerous
illustrative examples. The subject matter is divided into eight parts.

Introduction.—Graham'’s distinction between crystalloids and colloids
has been dropped and one now speaks of a colloidal state instead of a
colloidal substance, calling any substance colloidal which is sufficiently
subdivided. Colloid chemistry is the chemistry of bubbles, drops, grains,
filaments, and films and a knowledge of it is essential to anybody who
wishes to understand about: cement, bricks, pottery, porcelain, glass,
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enamels; oils, greases, soaps, candles; glue, starch, and adhesives; paints,
varnishes, lacquers; rubber, celluloid, and other plastics; leather, paper,
textiles; filaments, casts, pencils and crayons; inks; roads, foundry cores,
coke, asphalt; graphites, patines, zinc, phosphorous, sodium, and alumi-
num; contact sulphuric acid, hardened oils, etc.; beer, ale, and wine;
cream, butter, cheese, and caseine products; cooking, washing, dyeing,
printing ; ore flotation, water purification, sewage disposal; smoke preven-
tion; photography; wireless telegraphy; pharmacy; physiology. In other
words, colloid chemistry is the chemistry of daily life.

Adsorption of Gases and Vapors by Solids—In an extremely sub-
divided phase the surface is very large compared to the mass, and there-
fore, the first step in the study of colloid chemistry is to discuss the
properties of surfaces, beginning with the behavior of solids in contact
with gases or vapors. All solids tend to adsorb, or condense, upon their
surfaces any gases or vapors with which they are in contact. The amount
of adsorption varies with the nature and physical state of the solid and
with the nature of the gas, 1. ¢., adsorption is specific or selective. The
amount of gas adsorbed is greater the higher the pressure and lower the
temperature. Experiments have been made with many substances such as
charcoal, silica, alumina, glass, wool, rubber, celluloid, meerschaum, metals,
soils, etc.

An extensive study has been made of the adsorption of gases by
charcoal because this substance adsorbs many gases very strongly. Tait
and Dewar used this property as a means of producing a high vacuum,
while it has been put to use in a more popular fashion in certain digestive
tablets containing charcoal, whose function is to adsorb gases in the
stomach which would otherwise give rise to discomfort. Since different
gases are adsorbed in different amounts, the ratio of their concentrations
in the surface phase will be diffcrent from that in the gas phase, making
a fractional separation possible to some extent. Dewar passed air at
—185° over charcoal and obtained ¢8 per cent. nitrogen, while the
adsorbed gas contained 55 per cent. oxygen.

Adsorption by glass is important because of its use in the laboratory.
Mulfarth found that adsorption decreased in the order NH;, SO, CO,,
N,O, C;H,. Kundt and Warburg found that a small amount of water is
retained obstinately by glass, even when the pressure is reduced prac-
tically to zero; in order to remove this water, the glass must be heated.
The film of water which usually covers glass surfaces is due chicfly to
alkali dissolved from the glass. The presence of a water film of varying
thickness on a glass or othcr vessel makes it necessary to keep the
moisture constant, if accurate weighings are to be made.

If the thickness of the adsorbed air film remains constant while the
diameter of a particle grows smaller, the ratio of quantity of adsorbed
air to the mass of the particle will steadily increase. Rock powder that
will pass through a 200-mesh sicve surges like a liquid, due to the air
cushions around each particle. With carbon black, as little as § per cent.
of the apparent volume may be due to carbon. In adsorption the surface
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phenomena are the important ones, although other factors, such as the
existence of a solid solution, may influence actual results. The bulk of
the 100 volumes of hydrogen taken up by platinum black and the 3,000
volumes by colloidal platinum must be adsorbed.

An approximately quantitative representation of adsorption of gases
by solids is given by the equation

(ximyr = kp,

where r is the amount of gas adsorbed, m the amount of the adsorbing
solid, p the pressure of the gas, and k¥ and n are constants to be deter-
mined experimentally for each temperature.

Catalytic Action of Solids on Gases.—When two or more gases which
combine or react with each other are adsorbed at the surface of a solid,
since their concentrations are increased, they must react with greater
velocity. It is possible that the ignition of hydrogen and oxygen by
spongy platinum may be due solely to this increased concentration. On
the other hand, the fact that charcoal has but little effect in causing these
gases to combine indicates that some other factor is important in addi-
tion to surface concentration. A solvent may accelerate a reaction and is
therefore a catalytic agent. If a reaction takes place extremely slowly
in the vapor phase and relatively rapidly in the surface phase, the adsorb-
ing surface may be considered as equivalent to a solvent. If a strongly
adsorbed gas is added to a reacting mixture, it may cut down the adsorp-
tion of the reacting substances to such an extent as to bring the rcaction
practically to a standstill, which may be the explanation of the poisoning
of a catalyst. If certain reaction products are not removed sufficiently
rapidly, they will decrease the adsorption of the reacting substances, thus
retarding the reaction. SO. may have this effect in the contact process.

Adsorption of Gases or Vapors by Liquids.—Gases are adsorbed by
liquids just as they are by solids. Impinging drops of water often will
not coalesce because films of adsorbed air keep them from coming into
actual contact. If they are slightly electrified, however, they readily
coalesce, but stronger electrification keeps them apart. It is possible to
knock two soap bubbles together with considerable force without causing
them to coalesce, because of the presence of adsorbed air films on the
surfaces. If the bubbles are electrified slightly, they coalesce readily
without bursting.

Adsorption of Liquids by Solids.—A liquid which is adsorbed at the
surface of a solid forms a film there, and we say that the liquid wets the
solid. A liquid is not adsorbed by a solid which it does not wet. For a
liquid to wet a solid in the presence of air, the liquid must be more
strongly adsorbed than the air and must displace it. The adsorption of a
liquid film may introduce an error in the determination of specific gravity
of solids in a finely divided state. Rose obtained a specific gravity
between 21 and 22 for platinum foil, but a value of over 26 for finely
divided platinum and explained in the latter case that the solid is not
weighed alone, but in conjunction with a film of condensed water and



128 LEATHER CHEMISTS ASSOCIATION

the apparent specific gravity is increased. As examples of selective
adsorption we find that kerosene will displace water in contact with
copper, but water will displace kerosene in contact with quartz, Gelatin
is so strongly adsorbed by glass that the gelatin film in drying will often
tear loose fragments of glass, while on the other hand, gelatin does not
adhere to plates of mica or calcite.

Adsorption of Solids bv Solids—An apparent case of adsorption of
a solid by a solid is obtained by shaking a moderately coarse powder with
a much finer powder. Instead of the finer powder filling the voids in the
space occupied by the coarse powder, the former tends to coat the latter.
By shaking mixtures of powdered thoria and tungsten, Fink obtained a
black powder which conducted electricity when the tungsten was finer
than the thoria and a white, non-conducting powder when the reverse
was the case. If one strews lycopodium powder over the surface of
water and then puts his finger into the water, the powder sticks to the
finger and keeps it from being wetted.

Adsorption of Liquids by Liquids.—If an oil is adsorbed by water, it
will spread over the surface of the water, but if it is not adsorbed, there
will be no spreading.

Adsorption of Solids by Liguids.—A solid which is wetted by a liquid
adheres to that liquid and with two liquids and one solid we get selective
adsorpton of the solid. It was noted above that kerosene will displace
water in contact with copper. Similarly, if very fine copper powder is
shaken up with kerosene and water, the copper goes into the kerosene and
into the interface, but not into the water, producing the appearance of
molten copper floating on the water. J. AL W,

The Fallacy of Determining Electrical Charges of Colloids by Capillarity.
A. W. THOMAS AND J. D. GARARD. J. Am. Chem. Soc., 40, 1918, pp.
101-106. Under the title “Capillary Analysis,” Wo. Ostwald has recom-
mended a method proposed by Sahlbohm and Fichter for distinguishing
between positively charged and negatively charged colloids, in which it is
supposed that negatively charged colloids ascend strips of filter paper
which are dipped into their dispersions, while positively charged colloids
do not ascend, but coagulate on the paper a slight distance above the level
of the dispersion into which the paper is dipping. The method has been
widely used because of its simplicity, but it is now shown to be fallacious,
the observations of earlier investigators being due to the fact that their
positively charged colloids were concentrated while their negative colloids
were dilute. Thomas and Garard find that the height to which a colloid
will ascend a strip of filter paper immersed in its dispersion is dependent
upon the dilution of the sol, the presence of electrolytes, the atmospheric
conditions, and the nature of the filter paper used, but bears no relation
to the sign of the electrical charge of the colloid. J. AL WL

On the Swelling of Gelatin in Polybasic Acids and Their Salts. M. H.
PISCHER AND M. O. HOOKER. J. Am. Chem. Soc., 40, 1918, pp. 272-92.
Thirteen series of experiments were made to determine the amounts of
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water absorbed by gelatin discs immersed in different concentrations of
the mono-, di-, and trisodium salts of phosphoric and citric acids as well
as in mixtures varying in composition from the pure acids, through the
mono-, di-, and trisodium salts to pure sodium hydroxide. A further
series was made with mixtures of carbonates varying from sodium bicar-
bonate, through sodium carbonate, to pure sodium hydroxide. The results
of a typical series are tabulated in the accompanying table. Into each of
the thirty-one solutions described in the table was placed a dry gelatin
disc of the weight noted. At the end of the stated periods of time, the
swollen discs were weighed in order to determine the amount of absorbed
water.

Original solution consists of mix-

ture of Weight of Increase in weight per gram
L dry gelatin of gelatin after
Solution cc. cc. cc. disc in - -

No. N/1 H;PO4 N/1 NaOH H,0 gram 20 hours 44 hours
I 3 none 97.0 0.343 69.32 84.68
2 3 o.1 96.9 0.343 62.85 75.11
3 3 0.2 96.8 0.345 58.65 70.60
4 3 0.3 96.7 0.347 58.45 69.90
5 3 0.4 96.6 0.360 46.60 58.17
6 3 0.5 96.5 0.363 43.00 54.16
7 3 0.6 96.4 0.365 31.00 42.20
8 3 0.7 96.3 0.367 22.31 33.87
9 3 0.8 96.2 0.367 15.30 24.32

10 3 0.9 96.1 0.367 8.31 11.28

11 3 1.0 96.0 0.367 7.10 8.27

12 3 1.1 95.9 0.370 8.03 9.41

13 3 1.2 95.8 0.370 8.68 10.27

14 3 1.3 95.7 0.370 8.74 10.44

15 3 1.4 95.6 0.371 9.35 11.16

16 3 1.5 95.5 0.374 9.60 11.56

17 3 1.6 95.4 0.380 9.49 11.31

18 3 1.7 95.3 0.382 9.81 11.60

19 3 1.8 95.2 0.383 9.81 11.57

20 3 1.9 95.1 0.384 10.00 11.g0

21 3 2.0 95.0 0.386 10.23 12.14

22 3 2.1 94.9 0.385 10.26 12.40

23 3 2.2 94.8 0.388 10.80 12.61

24 3 2.3 94.7 0.388 11.28 13.12

25 3 2.4 94.6 0.388 11.52 13.00

26 3 2.5 94.5 0.388 13.14 14.24

27 3 2.6 94.4 0.389 15.81 16.25

28 3 2.7 94.3 0.391 15.57 16.17

29 3 2.8 94.2 0.391 17.91 18.03

30 3 2.9 94.1 0.392 19.40 19.37

31 3 3.0 94.0 0.394 19.91 20.50

— none none 100.0 0.394 7.45 8.80
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It is to be especially noted that the point of minimum swelling occurs
in the solution which is practically pure monosodium phosphate and that
the addition of cither acid or alkali to this solution will cause increased
swelling. In the other series dealing with changes in acidity of phosphate
mixtures the point of minimum swelling invariably occurs in the solu-
tions of pure monosodium phosphate. [Unfortunately the authors appear
not to have determined the compositions of the solutions after equilibrium
has been established, so that it is impossible to calculate from their work
the relation between the point of minimum swelling and the hydrogen-ion
concentration.—ABSTRACTOR.] In the citrate mixtures, the point of mini-
mum swelling occurs in the solution made by diluting 4 cc. of M/1 mono-
sodium citrate and 6 cc. of M/1 disodium citrate to 100 cc. As for the
carbonate mixtures, gelatin swells more in pure sodium bicarbonate solu-
tion than in water and this swelling increases steadily as the solution is
made more strongly alkaline.

The authors claim that their experimental results apply to the prob-
lem of water absorption by protoplasm and sustain the old contention
that, even in the presence of buffer salts, there is an increase in water
absorption (increased turgor or edema) for every increase in the acid
(or alkali) content of the protein colloids found in the involved cell,
organ or organism. J AW,

On the Swelling of Fibrin in Polybasic Acids and Their Salts. M. H.
FISCHER AND M. BENZINGER. J. Am. Chem. Soc., 40, 1918, pp. 292-303.
“This work is a continuation of that described in the preceding abstract
and was undertaken to show that the behavior of gelatin is not excep-
tional and that the same general law holds for the absorption of water
by fibrin. The fibrin was prepared from blood, washed, dried, and pul-
verized in a mortar. Weighed amounts of the powder (0.5 gram) were
introduced into definite volumes (20 cc.) of the various solutions em-
ployed, contained in calibrated test-tubes of uniform diameter (1.5 centi-
meter). The same standard solutions of acids, alkali, and salts as were
used in the work noted in the preceding abstract were used in this work.
The height of the swollen fibrin columns, at the end of 24 hours, was
taken as the index of water absorption. The curves for fibrin are of
the same general character as those obtained for gelatin, but in both the
phosphate and the citrate mixtures, the point of minimum swelling of the
fibrin occurs in the solutions containing molar equivalents of the mono-
sodium and disodium salts. The authors emphasize that such differences
in the point of minimum swelling of various proteins must be kept in
mind when these experiments on simple protein colloids are applied to
biological materials, since protoplasm represents a mixture of at least
two different proteins. [The abstractor is of the opinion that the authors
are not justified in concluding from their results that gelatin and fibrin
have different points of minimum swelling, since the compositions of the
solutions are altered by the proteins during the attainment of equilibrium
and apparently no analyscs have been made of the solutions after equilib-
rium has been established.] J. AL W.
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On the Liquefaction or ‘‘Solution’’ of Gelatin in Polybasic Acids and Their
Salts. M. H. FIsCHER AND W. D. COFFMAN. J. Am. Chem. Soc., 40,
1918, pp. 303-312. The quality of the gelatin used was of such high
grade that an 0.8 per cent. solution would set to a solid mass when left for
a few hours at 25°. In each experiment 5 cc. of a 2 per cent. gelatin solu-
tion and 5 cc. of the electrolyte solution were mixed in test tubes and
allowed to stand in a thermostat at 20°. The electrolyte solutions em-
ployed were phosphate, citrate, and carbonate mixtures of the type noted
in the abstract of the paper by Fischer and Hooker. At the end of a
suitable period of time the gelatin mixtures were examined as to their
consistency. The mixture containing pure citric acid would not set, but
remained liquid. As the acidity was reduced, the consistency increased.
The mixture containing 0.6 cc. N/1 citric acid and 1.6 cc. M/4 monosodium
citrate per 10 cc. set to a solid and all mixtures whosc acidities lay between
this and that of pure trisodium citrate set to a solid. All mixtures with
alkalinitics greater than that of trisodium citrate remained liquid. Simi-
lar results were obtained with phosphate and carbonate mixtures.

The authors are of the opinion that the size of the gelatin particles
decreases with increasing concentration of acid or alkali beyond certain
limits, while as the acid or alkali concentration decreases, approaching
these limits, the size of the particles increases. The capability for absorb-
ing water is held to be a function of the size of the particles, a medium-
sized particle being capable of absorbing most water. It is contended
further that in neutral gelatin the particles are large and so only a small
amount of water is absorbed; when acid is added, the particles become
smaller, and therefore, absorb more water; but upon a further addition
of acid the particles become smaller than that required for maximum
swelling and the mixture begins to liquefy. J. AL WL

The Molecular Mechanism of Colloidal Behavior, I. The Swelling of
Fabrin in Acids. R.C.ToLMAN AND A. E. STEARN. /. Am. Chem. Soc., 40,
1918, pp. 204-272. In the experiments, special test tubes of uniform cross-
section and with flat bottoms were used. Into each was placed 0.3 gram
of powdered blood fibrin which was covered with 15 cc. of the desired
solution. The samples were allowed to stand for 24 hours with occasional
shaking. The heights to which the fibrin rose (compared with a water
control) were taken as a measure of the degree of swelling. The amount
of electrolyte adsorbed by the fibrin was calculated as the product of the
volume of the original solution and the loss in concentration after equi-
librium has been established. [This method of calculation is in error
since it assumes that the concentration of free electrolyte in the absorbed
solution is the same as in the rcsidual solution, which is contrary to
fact. The adsorption curves given are, therefore, rendered of doubtful
value.—ABsTRACTOR.] Experiments were made with strong and weak
acids and with salt. The swelling curves obtained are of the familiar
type, such as are obtained with gelatin. [See Procter, this Jour, 6, 1911,
p. 270.]
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Tolman and Stearn explain the molecular mechanism of the swelling
of proteins by acids as follows: “In an acid solution, the adsorbed hydro-
gen ions, together with a corresponding number of anions, form a ‘double
layer’ on the walls of the pockets or pores in the interior of the gel and
this leads to swelling and imbibition of water by electrostatic repulsion.
The addition of a strong electrolyte to such a swollen colloid, either a
neutral salt or excess of the strong acid which caused the original swell-
ing, will furnish ions in the interior of the pockets which will tend to
arrange themselves so as to neutralize the electrical fields of the adsorbed
layer and thus bring about a reduction of swelling.”

[It is interesting to contrast this theory with that given by Procter
and Wilson (see this Jour, 11, 1916, p. 309). Tolman and Stern believe
that the force causing swelling is one of clectrostatic repulsion, while
Procter and Wilson hold that it is due to the diffusion pressure of the
necessary excess of diffusible ions of the jelly phase over that of the
external solution.—ABSTRACTOR.] J. AW,

Philippine Tan Barks. /. S. C. 7., 1917, p. 1106. Through the Leather
I1'orld. Only mangrove and camanchili barks are used at present in the
Philippine Islands for tanning purposes, and as the use of either bark is
attended with disadvantages, other barks have been investigated with a
view to their utilization. Of those tested only two, the Philippine pine
(Pinus insularis) and palo maria (Calophyllum inophyllum) are both
satisfactory in quality and sufficiently plentiful. Neither is rich in tannin,
the former containing 3.8 per cent. and the latter 11.9 per cent. tannin,
calculated on the dry material. Other barks are richer in tannin and
yield leather of good quality, but cannot be collected economically.

Tanning in Australia. /. S. C. /., 1917, p. 1076. Through the Leather
IWorld. The two wattle barks “golden wattle” (Acacia pycnantha) and
“black” or “green” wattle (Acacia decurrens) form the chief sources of
tanning bark. This is now being supplemented by imports of Natal wattle
bark from South Africa. Mallet bark (Eucalyptus occidentalis) has been
used, but only small quantities remain. It is stated that the presence of
red coloring matter in mangrove prevents this bark being used to any
extent. The redgum (E. calophylla) is fairly rich in tanmin, but also
contains a red coloring matter. For this reason extracts manufactured
from these materials have to be decolorized. The report also says “that
before the war large quantities of Australian barks, including those of
wattle, mallet, and mangrove, were utilized in Germany for the produc-
tion of extracts and these German extracts were imported into Australia.
Chemical research in Germany had solved the problem of decolorization
and of the removal of the undesirable gummy matter, and these problems
should be investigated in Australia.

The Determination of Ammonia in Used Lime Liquors. F. C. THOMPSON
and Kyouel Svzuki. J. S. L. T. C., Nov., 1917. The authors used two
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methods in determining the ammonia. The first or usual method was dis-
tilling at 100°C. with excess of magnesia after neutralizing the liquor.

The second method was the same as the first, except that distillation
was carried out in vacuo at a temperature of 40° C. Slightly lower results
were obtained in all samples by the second method. The authors suggest
that the difference in ammonia content may be due to the presence in the
used lime liquors of amino-acid cystine which is derived from the proteins
of the hair and epidermis. .

Cystine is easily decomposed by magnesia at 100° C., yielding ammo-
nia, but at 40° C. cystine is unaffected by magnesia.

Ammonia is completely liberated from ammonium salts by magnesia
at both 100° and 40° C.

A cut and description of -the apparatus used for distilling in vacuo
accompanies the original article.

The Estimation of Fat in Commercial Egg Yolks. M. C. LAMB AND
A. Harvey. J. S. L. T. C., Dec,, 1917. The usual method is to evaporate
to dryness with sand and extract with petroleum ether, but is open to
some errors, due to oxidation and mechanical loss.

The writers have adapted the Adam’s method of fat estimation in
milk to the estimation of fats and oils in commercial egg yolk.

The method is carried out as follows:

The egg yolk is spotted on to an Adam’s paper, or in the absence of
this a strip of fat free filter paper (the coarser varieties being preferable
for the purpose). The paper is next dried at room temperature over
night and then extracted as usual in a Soxhlet apparatus.

The process has been found to be extremely convenient when dealing
with a number of samples; the tedious grinding up of the sand and yolk
mixture being avoided, while accuracy, together with speed, is obtained.
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FIFTEENTH ANNUAL MEETING.

The fifteenth annual meeting of the American Leather Chem-
ists Association will be held at the Hotel Traymore, Atlantic
City, May 16th, 17th and 18th, in connection with the meeting
of the National Association of Tanners.

The program committee has not completed its arrangements,
but the following outline for the joint meeting has been planned :

On Thursday the 16th, each association will hold separately
their first session. At the middle of the day the National Asso-
ciation of Tanners will have a luncheon to which all in attend-
ance at the convention will be invited. Following the luncheon
there will be a number of addresses given by speakers secured
by Mr. Wallin. Friday the 17th, a joint session will be held,
for which a program of mutual interest is being arranged.

Saturday separate meetings will be held, concluding the
program.

RATES PER DAY—HOTEL TRAYMORE, ATLANTIC CITY.

One person, American plan...... $7, $8, $10, $11, $12, $14
One person, European plan...... $4, $5 $7, $8, $9, $10
Two persons, American plan..... $11, $12, $14, $15, $16, $18

Two persons, European plan..... $s5, $6, $8, $9, $10, $12
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COUNCIL MEETING.

A Council meeting was held at the Chemists’ Club, New York
City, February 16, 1918. Those present were Messrs. Oberfell,
Small, Alsop, Veitch, Yocum and Reed. Mr. J. B. Churchill of
the American Leather Research Laboratory was present by
invitation.

A letter was received by the Secretary from a member of the
Association handing in his temporary resignation to be in effect
for the duration of the war as he was now in the service, and
did not feel at liberty to continue his subscription. '

After discussion it was decided that any member of the A. L.
C. A. who has joined the service, on application to the Secretary,
may have his dues remitted for the duration of the war and yet
retain all the privileges of the Association.

The Committees appointed at the last meeting were reviewed
as follows:

The Committee on the question of Disinfection of Hides to
co-operate with the National Association of Tanners consisting
of Mr. Alsop and Mr. Levi was increased by the addition of Mr.
Churchill, who was working along the same lines.

Mr. Guy T. Creese asked to be relieved of the chairmanship
of the Committee on Natural Dyes and Mr. C. R. Delaney was
appointed in his place.

Mr. Frey, chairman of the Committee on Specifications for
Kaolin, Mr. Griffith, chairman of the Committee on Comparative
Analysis, and Mr. J. S. Rogers, chairman of the Committee on .
Free Sulphuric Acid in Leather, reported work under way.

Word was received from Dr. Balderston that he was making
good progress on the ten-year index for the JOURNAL.
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THE DETERMINATION OF FAT IN LEATHER.
By John Arthur Wilson and Erwin J. Kern.

A curious incompatibility is manifest in the methods of the
Association, for in the provisional method for analysis of
moellons use is made of the insolubility of oxidized fatty acids
in petroleum ether, while this solvent is required for the deter-
mination of fat by the official method for analysis of vegetable-
tanned leather. It is not uncommon to find that the oxidized
fatty acids constitute more than 15 per cent. of the total fatty
matter of a moellon, so that where this material has been used
in fat-liquoring, appreciable errors may be expected in the deter-
mination of fat in the leather. Even where a sulphonated oil
has been used as the emulsifying agent, low results will be ob-
tained because of the insolubility of most hydroxylated fatty
acids in petroleum ether.

A possible solvent for oxidized and hydroxylated fats is ethyl
ether, which has the advantage of a low boiling point, but the
disadvantage of being very inflammable. Carbon tetrachloride,
on the other hand, is not inflammable, but has a rather high boil-
ing point. These solvents, as well as a mixture of equal volumes
of the two, were tested by comparison with petroleum ether to
determine their solvent powers upon the fat of a piece of vege-
table-tanned leather known to contain some oxidized fats. The
leather was cut into small pieces and well mixed so that all
samples taken should be practically identical in composition. For
each test 7 grams of the sample were extracted in a Soxhlet
apparatus for 5 hours and then for 3 hours longer. The heating
devices were regulated so that the various solvents siphoned over
about six times per hour. Lest any differences in the fat deter-
minations should be attributed to solution of the water-soluble
matter, all four samples were. further extracted with water
according to the official method. The results are given in Table I.

TABLE I.—SHOWING PARTS OF EXTRACTED MATTER PER 100 PARTS

OF LEATHER.
Equal vol-

umes of
Petro- ethyl ether
leum Carbon te- and carbon
Solvent used for fat determination ether trachloride Ethyl ether tetrachloride
Fat extracted in 5§ hours.. ..... 7.79 9.67 10.04 10.39
Total fat extracted in 8 hours... 7.92 9.88 10.24 10.59
Water soluble matter... ...... 4.90 4.69 4.51 4.43

Total extracted matter......... 12.82 14.57 14.75 15.02
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The inferiority of petroleum ether as a solvent for fat in this
leather seems unquestionable. The greatest difference in fat
determination is 2.67, while that for water solubles is only o0.47,
so the bulk of this extra 2.67 cannot be said to be matter soluble
in water. Upon examination the petrol extract was found to
contain no oxidized fatty acids. But, on the other hand, the
oxidized fatty acids constituted only 5 per cent. of the extract
by the mixed solvents, which suggests that the leather contained
fatty matter which was not extracted by petroleum ether and
yet which would not appear as oxidized fatty acids in the pro-
visional method for analysis of moellons.

It was noted that the mixed solvents distilled at a somewhat
greater rate than the pure ethyl ether, which may account for
the slightly higher results of the former. To test this and to
show that the inferiority of petrol is not due to a time factor,
we extracted two further portions of the sample for 8 days, one
with petrol and the other with ethyl ether. The amount extracted
by petrol was 8.38 per cent. and that by ethyl ether 10.66 per cent.

When using the mixed solvents, the portion of tetrachloride
distilling over with the ether will depend upon the ratio of the
capacity of the Soxhlet tube to the volume of solvent employed.
In a test case 50 cc. each of ethyl ether and carbon tetrachloride
were mixed in a Soxhlet flash and 50 cc. of the distillate, when
collected, were found to consist of approximately three volumes
of ether to one of tetrachloride. If the ether contains much
water, a turbid solution may result upon mixing with the tetra-
chloride. In our work water-free ether was used.

As representative of another type of leather, a piece of chrome
calf containing some sulphonated oil was analyzed. Extraction
by the ether-tetrachloride mixture showed a fat content of 6.10
per cent., while the petrol extract showed only 4.85 per cent.
Similar differences were obtained with numerous leathers, the
petrol figure always being low. It was found that a partial
separation of the fats in a leather could be effected by extracting
first with petrol and then with ethyl ether.

In connection with this work we had occasion to try out the
modified method of fat extraction proposed by Levi and Orth-
mann,! which is as follows:

! This JOURNAL, 10, 445 (1915).
2
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“Place 10 grams of the finely divided leather into a 250 cc.
bottle, add 200 cc. of petroleum ether, stopper the bottle well,
and let digest 24 to 72 hours, according to the time allowed for
reporting the result, during which time shake the bottle and con-
tents frequently. Then withdraw 100 cc. and place into a tared
dish or flask, evaporate the ether, dry and weigh in the usual
manner, multiply the weight by 20 which gives the per cent. of
fat.”

From purely theoretical considerations one would expect this
method to give lower results than the Soxhlet method, since
some of the fats probably remain adsorbed by the leather. The
comparative figures given by Levi and Orthmann show this to
some extent, but are inconsistent in that, in a few cases, results
are obtained which are actually a little higher than those obtained
by the Soxhlet method. They mention having experienced diffi-
culty in some cases of obtaining concordant results by the Soxhlet
method. Although all of our leather analyses are made in dupli-
cate, we have not experienced any difficulty in getting nearly
identical results for the same sample. In order to illustrate this
and at the same time to compare the two methods, we divided
a well prepared sample of leather into six parts for determining
the fat by each method in triplicate, using petroleum ether as
the solvent. Table II shows the results.

TABLE I1.—FAT EXTRACTIONS IN TRIPLICATE.

Levi-Orthmann method Soxhlet method
;.86 7.83 7.88 8.48 8.49 8.49
average, 7.86 average, 8.49

Concordant results are readily obtained by either method, but
the effect of adsorption is clearly shown by the difference between
the average results. It should be noted in the Levi-Orthmann
method that there is danger of losing some of the petrol by
evaporation while the bottles are not stoppered. This may ex-
plain why they obtained results in some cases slightly higher
than by the Soxhlet method. What has been said concerning
the inferiority of petrol as a solvent holds also for the Levi-
Orthmann method, but if ethyl ether were used in this method,
the danger of getting high results through evaporation would
naturally be increased.
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SUMMARY AND DIscussioN.

Petroleum ether is unsuitable for the estimation of fat in
leather because it does not dissolve all of the fats.

Carbon tetrachloride is a better solvent than petrol, but its
high boiling point requires that care be exercised in its use lest
the leather itself be attacked. A portion of the leather used in
preparing Table I was extracted for 8 hours with carbon tetra-
chloride, but the electric hot plate was regulated so that the
solvent siphoned over about twelve times per hour. The fat
determination showed 9.85 per cent., which is in agreement with
the determination of 9.88 per cent. where the distillation was
carried on at only half the rate. But, where the higher tempera-
ture was used, the extraction thimble was found to have been
attacked (when dried, it could be crumpled to dust in the hand),
the water-soluble matter in the leather rose to 7.10 per cent. and
possessed a dark color and unpleasant odor not found in the
other water extracts.

Ethyl ether is the best pure solvent examined, but it has the
disadvantage of being very inflammable.

A mixture of equal volumes of ethyl ether and carbon tetra-
chloride was found to be fully as good a solvent as ether alone
and to possess the advantage of not being readily inflammable.
If a lighted match be held over some of the mixture in a watch
glass, the ether will burn in periodic puffs as it leaves the
mixture, but will not continue to burn when the match is removed.

"“The method proposed by Levi and Orthmann was found to
give lower results than are obtained by the Soxhlet method.

We recommend that a committee be appointed to consider the
advisability of substituting a mixture of ethyl ether and carbon
tetrachloride for petroleum ether in the official method for the
determination of fat in leather.
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AN EXTRACTOR FOR WATER-SOLUBLE IN LEATHER.
By Lloyd Balderston and 1. K. Alsop.

Among desirable features for an extraction apparatus to be
used in determining water soluble materials in leather are the
six enumerated below.

1. Provision should be made for maintaining the extractor at

the required temperature.

2. The apparatus should be so arranged that the leather sample
will be covered with water during the extraction.

3. The flow of water through the sample should be capable of
being regulated by means of a single stop cock.

4. There should be an independent water supply for each
sample, so that continual watching to prevent flooding will
not be necessary.

5. All parts should be easily accessible for washing, and the
construction as simple as possible.

6. Alundum thimbles should be provided to hold the samples,
that may be easily removed, and may be weighed after
extraction.

The apparatus shown in the accompanying cuts has been de-
signed with these qualifications in view. The sample is placed
in the alundum thimble a, Fig. 2, fitting loosely in a copper cylin-
der b, which is soldered in place in a copper vessel ¢ (Figs. 1 and
2), projecting a little at the top, to prevent water from acci-
dentally running in. The copper flask 4 holds the water for
extraction, a suitable quantity of water at 50° being placed in it
when it is time for the percolation to begin, and the flask then
inverted in the position shown. The rate of flow is now regu-
lated by means of the screw pinch cock e. The vessel ¢ is filled
with water, heated to 50° by a large burner, which is then turned
out, and the temperature maintained by a small burner controlled
by a Roux gas regulator. It has been found unnecessary to use
a gas regulator as the temperature is easily controlled to within
a degree with the burner used to heat the water to the required
temperature. After the percolation is started, the hood d is
lowered so as to cover the flasks. Inside the hood is an incan-
descent lamp controlled by the switch g which serves to keep up
the temperature of the water in the flasks. By choosing a suit-
able size of lamp, the temperature inside of the hood may be kept
very close to 50°. The incandescent lamp feature, while con-
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venient is not really necessary as the required temperature is
practically maintained without it and if not can be controlled by

FIG. 1.

the temperature to which the water in the bath is heated. Fig. 1
shows two extractors, each holding five samples, one with hood
up and one with it down. By making the tank a little wider it
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could be made to hold ten samples by having a row of five ex-
tractors on each side and the burner in the middle between them.
The whole apparatus is supported on an angle-iron frame riveted
together, and the tank ¢ is at such a height as to permit a 2-liter
flask to stand directly under the extraction cylinder, as shown.

FI1G. 2.

If twenty samples are ready to be analyzed, ten may be placed
in the apparatus in the afternoon and left over night to digest
cold. The other ten may be placed in their thimbles and stood
in suitable cylinders over night. Next morning the apparatus
is heated and the extract taken from the first batch in the morn-
ing hours. These thimbles are then withdrawn, and the other
set placed, with the water in which the samples have been soak-
ing, in the apparatus. Thus the twenty samples can be finished
in one day.
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ACTIVATED SLUDGE AND THE TREATMENT OF PACKING
HOUSE WASTES.*

By Langdon Pearse,
Division Engineer, in Charge Scwage Disposal Investigations,
the Sanitary District of Chicago.
INTRODUCTION.

With the concentration of packing houses near or in large
cities, the problem began of treatment to avoid nuisance. In
Chicago this condition arose in the early 60’s. In other localities
the difficulties appear of more recent origin. Economies enforced
by competition have now reduced the losses so that in the large
houses every possible by-product is sought. However, organic
material escapes with floor washings, paunch manure, etc., which
is troublesome, both as suspended matter or in solution. In the
treatment of these liquid wastes the activated sludge process
appears particularly promising.

Raw SEwAGE.

The character of the raw sewage varies with the local condi-
tions. The experiments of the sanitary district have been con-
ducted on a mixed domestic and packing house sewage (Center
Avenue sewage), containing by volume perhaps 25 per cent. of
domestic sewage. The experiments of the packers have been
conducted on the efluent from individual houses, containing
considerably higher amounts of suspended matter as well as
organic matter in solution (Table I).

TESTING WORK—GENERAL,

The early tests on packing house wastes were made at Fort
Worth about 1901, on a strong sewage direct from the house.
The devices tried included single story settling and septic tanks,
intermittent sand filters and aeration. No direct record is avail-
able of the results, but the conclusions drawn by the packers
point to odors, expense and large areas required for works.

In 1912, the sanitary district began a campaign for the treat-
ment of industrial wastes and as part of the work, established a
testing station in which were tried grit chambers, screen (fine
and coarse), settling in single and two-story tanks, chemical pre-

* American Journal of Public Health, Jan., 1918.
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cipitation (both with alkali and acid), and sprinkling filters. The
results were published! at a time when the activated sludge
process was just being talked of. The testing work was therefore
extended to cover the activated sludge process. Preliminary
studies in cans 2 feet in diameter by 10 feet deep proved very
encouraging, Larger scale experiments were begun early in 1916,
and have been continued since. They have been successful in
demonstrating the adaptability of the activated sludge process
for handling packing house sewage mixed with domestic sewage.

TABLE I.— TYPICAL ANALVYSES OF PACKING HOUSE SEWAGE. PARTS PER
MILLION.

Nitrogen as—
- Suspended matter

Total Free Ni- Ni- Oxy. Chlo- ~ Alka-
Source org. Amm. trites trates Cons. rine Tot. Vol. Mixed linity
Center Avilday . ... 79 22 049 304 268 1100 505 461 144 291
night . . . .. . - A 163 112 51 ..
Halsted St.2 ., . | . . 260 28 .. . 257 365 428 344 84 340
Ashland Av3day ... 73 20 o.21 1497 245 920  B60 657 203 358
night . . k¥ 18 008 0.5 70 537 . . .. .. 237
Armour & Co.t. . .
Hog house day . . .. .. .. .. .. C. . 903
night . . . .. .. .. .. C. .. 449 . . .. .
Swift & Cobday. ... 56 26 .. c. 290 .. 937 815 122 278
night. . . 21 9 92 .. 222 151 41 210
Wilson & Co6 . . . .. 194 78 466 .. 1040 990 50 395
Armour & Co.,’ Fort
Worth , ... .. .. 3000

NoTE.—Chicago Analyses from Report Industnal Wabtes 1914 (I).
! Average, 1913.
? July 28, 1911, 4 hrs,
! Fourteen day samples, ten night samples, 1913.
¢ May 23 to 25, I19I1.
% June 6 to 10, I19I1.
¢ June 29 to July 1, 1911,
7 Verbal statement of W. C. Moore, chemlst Armour & Co., Fort Worth.

TESTING STATION—T'HE SANITARY DistTrICT OF CHICAGO.

The activated sludge plant originally consisted of a rotary
screen, four tanks in which the sewage is aerated, one tank for
settling the aerated sewage, one sludge storage tank, two blowers
with motors for supplying air, a sludge pump for returning the
sludge to the aeration tanks from the settling tank, or the sludge
storage tank, and a Venturi meter with recording apparatus for
determining the quantity of air used.
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The rotary screen is of the Weand type, cylindrical in shape,
2 feet 4 inches diameter by 4 feet 8 inches long, covered with
30-mesh brass wire screen, supported on a }5-inch mesh screen.
In the summer of 1917, the 30-mesh screen was replaced by a
20-mesh.

The four aeration tanks are each 6 by 23 feet in plan, 12 feet
deep, inside dimensions, of 3-inch Oregon fir, well bolted together,
with air distributors of filtros plates set in hopper bottoms of
concrete faced with hollow tile. The plates are arranged differ-
ently in each pair of tanks. The ratio of plate area to tank area
is approximately 1 to 0.3 in both the tanks with one row of plates
down the center and those with the rows transverse to the length
of the tank. After remodeling, the effective plate area was
found to be 1 to 8. The capacity of each tank is about 11,000
gallons to the flow line. The tanks were first connected in series
and provided with inlet and drain pipes, so that they can be
operated separately on the fill-and-draw plan, as well as a whole
with continuous flow. The air system is arranged with a main
header to each tank, from which branch pipes feed each set of
plates. Three small Venturi meters are provided to set on the
main header lines in a by-pass to check up the flow of air to each
tank. ]

The circular tank is 12 feet in diameter with 12-foot staves,
built with a hopper bottom of the Dortmund type, originally with
a slope of 0.6 vertical to 1 horizontal. The sewage enters the
tank in the center near the bottom, the settled sewage passing off
from the top around a peripheral weir. As the length of the
weir is great and the sheet of water passing over proved very
thin, “V” notches were cut in the crest to facilitate adjustment.
The tank is provided with a sludge pipe for discharging the
sludge onto the drying beds, and a suction pipe to the sludge
pump.

An old circular Dortmund tank, 8 feet outside diameter, with
10-foot staves, has been fitted up as a sludge storage tank. It
can also be used as a settling tank in connection with one of the
aeration tanks.

Two rotary blowers of the Connersville make, Boston type,
belt driven, supply the air for the plant, one with a capacity of
300 cubic feet per minute against a pressure of 6 pounds per

3
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square inch, driven by a 20 horse-power motor, the other with a
capacity of 150 cubic feet per minute against a pressure of 10
pounds, driven by a 10 horse-power motor.

After considerable experiment, the settling tank was remodeled
and the bottom hopper slope made 60° with the horizontal. A
straight flow settling tank was also added, with steep hopper
bottom slopes. Later the plant was changed again to permit of
separate aeration of the sludge followed by settling before pump-
ing the concentrated sludge back to mix with the incoming
sewage. The period of aeration in contact with the sewage has
been cut. The amount of air used is somewhat less than when
the sludge was aerated entirely in contact with the sewage.

SUMMARY OF ACTIVATED SLUDGE RESULTS.

The sanitary district experiments® on the activated sludge up
to March, 1917, have shown that the following conditions must
be met:

1. The sewage should be screened with a fine mesh screen.
Thirty-mesh has been used. This removes from 600 to 1,000
pounds of dry material per 1,000,000 gallons of day flow.

2. The screened sewage can be aerated in continuous flow
tanks using 4 cubic feet of air per gallon of sewage, with an
8-hour contact period of sewage and activated sludge. This will
produce an effluent, practically stable in summer conditions.

3. Sufficient sludge storage capacity in the aeration tanks
should be provided to care for at least 140 per cent. of the
sewage entering the tanks. Actually from 40 to 8o per cent. of
the incoming flow is returned from the settling tanks, as a
mixture of sludge and sewage.

4. The depth of the tanks has been taken at 16.5 feet over
the plates. The air distribution proposed is through filtros plates
set in unit boxes of cast iron, the ratio of filtros plates to the
superficial area of the tank is 1 to 6.

5. The system provides the following approximate recovery of
solids :

Grease as scum 360 pounds per 1,000,000 gallons, as grease
47 pounds per 1,000,000 gallons.

Screenings 6oo to 1,000 pounds of dry material per 1,000,000
gallons of flow.
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Sludge 2,000 to 3,000 pounds of dry material per 1,000,000
--allons.

TesTING Work—ARMOUR & Co., Swirr & Co,,
WiLson & Co.

Armour & Co. have made an extensive study of the treatment
of individual house effluents both on the hog house at Chicago?®
and on the combined outfall for Armour and Swift at Fort
Worth.* The results sought have been largely from the stand-
point of determining the availability of material recovered for
fertilizer. The Chicago results approximate those of the sanitary
district.

At Fort Worth, however, a very strong sewage has to be
handled, because owing to the scarcity of water, waste is cut to
a minimum. The trend of the experiments as judged from the
published data® and a personal visit to Fort Worth, indicates that
for the strong packing house waste at Fort Worth:

I. Preliminary screening is necessary. Thirty-two mesh wire
screen has been used.

2. Preliminary sedimentation, accompanied by grease removal,
is desirable.

3. Dilution of the strong sewage will facilitate treatment.

4. In the aeration of the sludge contact with the liquid, 35 per
cent. sludge is desirable.

5. Re-aeration of sludge in a separate tank improves the sludge.

6. A stable effluent, well clarified, can be made.

7. The air consumption will be high, averaging from 6 to 9
cubic feet of air per gallon of sewage with a 10-hour period of
contact.

8. The use of acid in de-watering the sludge coagulates the
sludge both quickly and readily, reducing the moisture content
below 85 per cent.

Wilson & Co. (when known as Sulzberger Sons Co.) ran a
small testing plant on the effluent of part of the packing house.
Quantitative data is not obtainable, but examination showed clari-
fication accompanied by recovery of solids.

Swift & Co. have built an extensive experimental plant on a
sewer containing typical concentrated packing house sewage.
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Although practically completed a year ago, the plant has not been
operated to date, owing to press of war business.

ARRANGEMENT OF TANKS.

The best arrangement of plant is not yet determined. Two
schemes have been tried by the sanitary district, one in which the
sludge is aerated entirely in contact with the sewage, the other
in which the sludge and sewage are aerated for a short time,
the settled sludge, however, being re-aerated and re-settled before
return to the initial point. The latter arrangement has shown
somewhat smaller requirements in the amount of air, and a
reduced volume of sludge to be returned.

STABILITY OF EFFLUENT.

The amount of air noted in the experiments of the sanitary
district (4 cubic feet per second per gallon of sewage) is appar-
ently sufficient to produce a practically stable efluent in summer
weather. In the winter, with the same amount of air, the efluent
is of lower stability, when tested by incubation at room tempera-
ture. If a stable effluent is then required, 6 cubic feet or more
of air per gallon of sewage may be needed, according to the
temperatures of the sewage and air.

Mi1xEp vs. UNDILUTED WASTES.

Although the evidence to date is not absolutely conclusive, the
indications are that a mixed domestic and packing house sewage
is more amenable to treatment than the strong packing house
sewage. This indication is apparently confirmed by the results
at Fort Worth.

AIR DISTRIBUTION.

The distribution of air appears at present to be best served by
the use of filtros plates. Perforated pipes have been tried both
at Chicago and Fort Worth. More air is required than with the
filtros. The ratio of gross area of plate to tank area at Chicago
was I to 6.3 with net area of 1 to 8. At Fort Worth 1 to 7 has
been used.

ﬁ
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BAFFLING AND AGITATION. TANK DESIGN.

Considerable study is required on both domestic and industrial
sewage to determine the best design of tanks. In this connection
the design of the bottom of the aeration tanks deserves attention.
In England, Jones and Attwood have worked out a saw tooth
design.® In the United States, Nordell at Milwaukee has worked
out a design with a curved bottom, the plates being placed eccen-
tric to the center of the tank.® At the Chicago testing station
simple baffling has been tried, with different arrangements of
shallow hoppers in the bottom. No directly comparable results
are available,

SLUDGE SETTLING.

Following aeration of the mixed sludge and sewage, the sludge
is settled out. The experience of the sanitary district indicates
that the period may be short, 74 to 1 hour, and that the bottom
slopes of hopper bottom tanks should be about 60° with the
horizontal. Velocities should be low. The sludge may be re-
moved continuously by air lift or centrifugal pump. Flat slopes
around 45° or lower appear to encourage ‘“hanging” and con-
sequent septic conditions. A straight flow settling tank worked.

The required settling period, however, depends vitally on the
condition of the sludge and may vary also with the season of
the year.

SLUDGE TREATMENT.

The handling of the sludge is probably the most knotty prob-
lem of all. In the sanitary district work, with screened sewage,
exclusive of screenings, about 46,500 gallons of liquid sludge
containing 99.2 per cent. water accumulated per 1,000,000 gallons
of sewage over a period of 9 months. This is equivalent to 2,420
pounds of dry solid per 1,000,000 gallons. The amount of dry
solids per 1,000,000 gallons appear to vary between 1,100 and
4,500 pounds exclusive of screenings. The screenings caught on
a 3o-mesh screen will vary from 500 to 1,200 pounds of dry
material per 1,000,000 gallons of day flow. During a period of
6.5 months the reduction of suspended matter was 2,820 pounds
as against a sludge removal of 2,680 pounds of dry material per
1,000,000 gallons.



152 LEATHER CIIEMISTS ASSOCIATION

The essential point is to remove the water. Various expedients
have been tried, which may roughly be sub-divided into (1)
settling, (2) the use of coagulants, including both alkali and
acid, (3) filter pressing. Centrifuging has not yet been tried at
Chicago.

With very liquid sludge, direct filter pressing is difficult,
owing to the large amount of liquid to be handled. Preliminary
treatment by settling with or without acidification is very help-
ful. Quiescent settling from 3 to 6 hours will reduce the moist-
ure content to 98 or 98.5 per cent. The addition of about 6
pounds of sulphuric acid per 1,000 gallons of sludge (containing
98 per cent. moisture) seems to aid in filter pressing, and makes
a sludge which leaves the cloths cleaner. A 2.5-hour pressing
with acid treated sludge is equivalent to 314 to 4-hour pressing
with settled sludge. Moreover, acid treated sludge apparently
keeps better and shows a somewhat higher nitrogen content.

The effect of acid on activated sludge is not at all the same
in different places. Apparently on the sanitary district sludge,
the effect of acid is a minimum, whereas at Fort Worth, on
packing house activated sludge, the addition of acid produces a
rapid coagulation, with immediate flotation of the sludge, the
moisture content being quickly reduced. The water used in the
packing houses there is very high in alkali. The sludge can be
further reduced by drainage and retreating to about 85 per cent.
moisture or lower. This phenomena does not appear at Chicago.
Furthermore, it is estimated at Fort Worth that about 11,000
pounds of dry material can be recovered per 1,000,000 gallons.

Plain settling has considerable value in reducing the moisture
content. However, the effectiveness is conditioned on the condi-
tion of the sludge. The settling is not as marked as on domestic
sewage at Milwaukee or on packing house sewage at Fort Worth.

Filter pressing has been tried by the sanitary district on a
small “Simplex” press, with plates 15 by 15 inches square, loaned
by the Simplex Ejector Co., and demonstrated by Mr. Buckley.
This press was the one used at Milwaukee, the results there being
described in reference 6, with the addition of six radial ribs on
each plate. The plates in the press have perforated steel strainer
plates over the corrugations. Cakes from !4 to 174 inches have
been made in from 2 to 4 hours pressing, with pressures varying
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from 20 to 150 pounds, according to the character of the sludge
and the preparatory treatment. Occasional steaming helped in
keeping the cloths clean. The moisture content of the cake was
varied, in general being around 8o per cent.

SLUDGE ANALYSES.

There appears to be considerable fertilizer value in activated
sludge. Analyses show a high nitrogen content, compared to
the screenings (Table II). Occasional analyses show press cake,
particularly with acidified sludge, running from 5 to 6 per cent.
of nitrogen on the dry basis.

TABLE II.—TYPICAL ANALYSES OF SCREENINGS AND SLUDGE, THE
SANITARY DISTRICT OF CHICAGO.

Calculated to dry weight FEther soluble
Per cent. ~ -

Source moisture Fixed Volatile Org. N. ’ Acidified Remarks
Screenings . . . . . . 8o0.71 4.7 95.3 2.18 5.9 9.4 Average 3 mos.
Sludge . . . .. ... 99.15 37.4 62.6 4.17 6.00 9.25 Average g mos.

! Moisture content average of 9 months.

SCREENING.

The value of fine screening as a treatment preliminary to aera-
tion is worth consideration. Our experiments show that a 3o0-
mesh screen will remove from 500 to 1,200 pounds of dry
material per 1,000,000 gallons of day flow. The screenings con-
tain about 80 per cent. moisture after natural drainage. The
nitrogen content is low, equivalent perhaps to barnyard manure
(Table II). The material is largely paunch manure. The mate-
rial removed is the coarser suspended matter, consequently the
amount of depositing material is lessened, which may tend to
collect in the depressions of the aeration tanks. From the oper-
ating standpoint the removal of this material by screens seems
desirable, as it is largely inert, of vegetable origin and slow to
decompose. From the standpoint of handling the sludge, how-
ever, when the screen is running the sludge is somewhat harder
to press. The screenings seem to act as a fibrous binder which
aids pressing.

RECOVERIES.

The general indications at Chicago are (Ref. 2, p. 27-27) that
grease and fertilizer may be recovered. The grease may be worth
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about 4 and 7 cents a pound at normal and war prices. The acti-
vated sludge, dried, if containing regularly 5 per cent. of ammo-
nia may be worth about $12 per ton dry, under normal conditions,
or possibly $18 per ton under present war conditions.

ODORSs.

The activated sludge testing plant operated at Fort Worth,
at Chicago by Armour & Co. and by Sulzberger & Co., and by
the sanitary district have been remarkably free from odor. The
sewage tested in all cases has been fresh.

CosTs.

The exact costs of plants for handling packing house wastes
have still to be determined. Approximate estimates made by
W. D. Richardson and the author for the conditions in Chicago®
are subject to revision as better data is obtained, particularly in
the costs of handling the sludge. As yet no large scale plant has
been operated as a complete unit. For the 50,000,000-gallon daily
plant, the first cost, exclusive of land, was estimated at $3,752,000.
The annual cost, including interest, depreciation, and operating
charges was estimated at $822,000, of which $270,000 was for
electric power. The power was figured on a sliding scale which
averaged about 0.7 cents per kilowatt hour. Including power
the annual operating charge was estimated at $455,700.

Recoveries are uncertain in both value received and amounts.
However, at normal prices an income of $150,000 to $300,000
may result, and at war prices $250,000 to $450,000, depending
on the quality and quantity of material recovered. These results
will help reduce the gross annual cost given above.

FURTHER DEVELOPMENTS.

Further development in the activated sludge process appears
to be along the lines of reducing the amount of air used, improve-
ment of settling tanks, and the more rapid reduction of water
content of the sludge. Such development will tend to reduce
both construction cost and operating charges.

The reduction in the use of air may be obtained along the
lines of development in the design of tanks, to promote mixing
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and distribution of air, and possibly along the line suggested in
England of intermittent application of air.

The improvement of settling tanks is in a transition stage. The
steep hopper bottomed tanks are effective. However, other de-
vices may be workable, such as the Dorr tank, particularly where
the returned sludge is re-aerated separately and re-settled before
return to the inlet.

Ways and means of reducing more rapidly the water content
of the sludge should be studied, either in preparation for filter
pressing or as a direct preliminary to drying. This is a complex
problem, verging on the domain of physical chemistry.

CONCLUSION.

The activated sludge process offers the best promise of a solu-
tion of the problem of treating packing house waste of any sug-
gested up to the present time. For the study of conditions in
Chicago the constructiorr of a unit plant has been recommended
to handle 1,500,000 gallons per 24 hours, to obtain working results
on a large enough scale to determine the design of the final plant.

In conclusion the writer wishes to acknowledge the courtesy
of the chief engineer of the sanitary district of Chicago, Mr.
George M. Wisner, for the use of information, and the assist-
ance of Mr. J. J. Newman, assistant engineer, who has charge
of the experimental work under the author’s direction.
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ANALYSIS OF VEGETABLE SOLE LEATHER.*

The analysis must be done in complete duplicate and the aver-
age reported. Where the sample supplied is insufficient for this
purpose, or if in any case the two results differ by more than
I per cent. on the sample and for some reason a re-determination
is impossible, a note to this effect must be included in the report.

Preparation of the Sample.—The sample must be finely divided
(with a spoke-shave or similar tool) into pieces sufficiently small
to pass into the mill or cutting machine used, so that the sample
taken for the determination of the original moisture may repre-
sent a fair average.

Original Moisture—Five grams (or more) of the well-mixed
shavings are dried in the vacuum oven at 98°-100° C., for 2
hours, or to constant weight in a water oven, and weighed in a
covered vessel.

The remainder of the sample or a fair representative part is
ground to a fine fluffy powder or where impossible to grind is
shaved to a thickness of about 0.5 millimeter and the whole thor-
oughly mixed. The sample so prepared is used for the following
determinations :

Moisture Determination for Calculation of Results to 14 Per
cent.—Five grams are weighed into a basin or similar receptacle
and dried and weighed as prescribed under “Original Moisture.”

Total Ash.—Five grams are ignited in a platinum, thin porce-
lain or fused silica basin, at a very low red heat with occasional
stirring with a platinum wire till a quite white ash is obtained.
- If this does not occur rapidly or if there is reason to suspect
fusible salts, the charred mass must be crushed finely and washed
on a small quantitative filter with 15-25 cc. of distilled water,
the filter and charred mass returned to the original basin, dried
and ignited completely. The wash water is added to the residue
in the basin, evaporated and the whole again slightly ignited,
cooled and weighed.

Determiration of Oils and Fats—Twenty-five grams are
placed in a large Soxhlet, lightly packed, and extracted with

* This method has been agreed upon by leading English leather chemists.
The method was published in the February issue of the Journal of the
Society of Leather Trades Chemists, galley proof of which was kindly sent
us by the editor.
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petroleum ether, boiling point 40°-60° C., for 6 hours on the
water bath heated so as to produce regular syphoning. The
solvent is distilled off the fatty residue which is dried in the
vacuum oven at g8°-100° C. for 2 hours, cooled in a desiccator,
and weighed.

Determination of Water Soluble—The fat-free leather is
spread on a plate in a warm place till the solvent has evaporated
and is then transferred to a Procter extractor (omitting the
sand), covered with water and allowed to stand over night. Next
day the extractor is heated to 45° C. and the sample percolated
with water at the same temperature to 1 liter in the course of
3 hours, the extractor not being stirred or allowed to run dry,
but filled up with the warmed water as required, while the rate
of flow is regulated by a pinch-cock to about 5.5 cc. per minute.
The solution is cooled to 15° C., filled tp the mark and filtered
clear through any good quantitative filter, the first 200 cc. being
reserved for sugar determination or rejected.

- Total Soluble.—Fifty cc. (or preferably 100 cc.) of the filtered
solution are evaporated to dryness on the water bath and dried
in the vacuum oven for 2 hours and the result entered as “Total
Soluble.”

Soluble Ash.—It is necessary to use platinum, fused silica or
thin porcelain dishes for the above determination, and the dry
residue is treated as described under “Total Ash.” If the sol-
uble ash does not exceed 1.5 per cent., its further analysis is
unnecessary. :

Insoluble Ash is obtained by deducting “Soluble Ash” from
“Total Ash.”

DETERMINATION OF NITROGEN.

Reagents.

Standard Acid Solution.—Fifth-normal hydrochloric or sul-
phuric acid.

Standard Alkali Solution—Fifth-normal caustic soda.

Sulphuric Acid.—Specific gravity 1.84—pure for analysis.

Strong Caustic Soda Solution.—Three hundred and fifty grams
in 1 liter.

Potassium or Sodium Sulphate—Finely ground.

Indicator.—Methyl orange, or preferably carminic acid.
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Place about 0.7 gram (not exceeding 1 gram) of leather in
a round-bottomed Kjeldahl flask. Add 8 grams potassium or
sodium sulphate, and 20 cc. pure sulphuric acid. Heat over a
low flame for about 15 minutes till frothing subsides, place a
loosely fitting pear-shaped stopper in the neck of the flask,
increase the heat till the mixture boils gently and continue
(usually for 4 to 5 hours) till the solution is water white or at
the very worst a faint greenish-yellow color, probably due to
traces of iron. If the boiling has been too rapid the addition of
5-10 cc. of sulphuric acid is sometimes necessary to replace
evaporation. In this case a corresponding addition of soda is
required for neutralization. When cool, dilute with water and
transfer to a distillation flask, connect with a condenser and run
in 100 cc. of the strong soda solution through a tapped funnel.
Distil with a good spray trap and preferably with the aid of
steam, and collect the condensate in 50 cc. of fifth-normal acid.
Titrate back with standard alkali.

cc. N/5 acid used X 1.573 = per cent. hide substance.

A blank test of the reagents is made with 1 gram of sugar.

Glucose.—To 200 cc. of the water-soluble extract add 20 cc.
basic lead acetate, shake occasionally during 15 minutes, filter
through an 185-centimeter folded filter and to 110 cc. of the
filtrate add 10 cc. saturated solution of sodium sulphate. Filter
through a 15-centimeter folded filter (No. § Whatman is suit-
able). All but the last trace of lead is removed by this pro-
cedure. To completely accomplish this add a very small quantity
of dry sodium carbonate (about 0.1 gram) and filter once more.
Pipette 50 cc. of the slightly alkaline filtrate into a small flask,
moisten a thin strip of blue litmus paper and place it at the
bottom of the neck of the flask. Add hydrochloric acid (specific
gravity 1.125—24.8 per cent. HCl) drop by drop, testing with
the litmus paper each time, 2 to 5 drops will be required to
make the solution just acid, and then add 5 cc. in excess. Heat
in the boiling water bath for 2 hours under a reflux condenser,
remove and neutralize with strong caustic soda solution (about
350 grams in 1 liter) the equivalent of which has been previously
determined by titration against § cc. of the HCl and a drop of
methyl orange in 50 cc. water. Cool, transfer to a 100 cc. grad-
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uated flask and make up to the mark. Fifty cc. are used for the
determination of reducing sugars by the A. L. C. A. method,
using Munson and Walker’s tables. See the A. L. C. A. annual
booklet of methods.

Milligrams glucose X 0.192 = per cent. glucose in leather.

A blank experiment must be made with the reagents employed,
and any copper found must be deducted from that found in
analysis before calculating glucose.

The following method of reporting is recommended :

Per cent.
Moisture of sample as received —— per cent.

Moisture calculated as ................... 14.0
Oiland fat ...................ccoeeiea.. —_
Soluble in water at 45°C................. —_—

Ash of soluble salts.................. —_

Glucoses .........oooiieiniiniiaann.. _

Other organic matter ................ _
Insoluble leather substance ............... —_

Hide substance by Kjeldahl........... _

Fixed tanning matters ............... —_

Ash of insolubles .................... _

100.0
(Fixed tanning matters obtained by difference.)

SUGGESTIONS ON SOME COMMON PRECIPITATIONS.*
By George H. Brother.

A number of my friends engaged in analytical work have spoken
to me about filtration difficulties they have encountered in some
of the most common determinations. According to their state-
ments, they are unable to get filters which will “hold” unless they
resort to the very retentive, but comparatively slow papers.
After considerable investigation of the subject, I have come to
the conclusion that their blame is Jargely misplaced. The fault,
in the great majority of cases, lies not so much in the paper used
as in the method of precipitation. For this reason I am giving a
few “tricks of the trade” which, I am sure, will be helpful to
any analyst not already acquainted with them, if used in standard

" %] I.and E. C., Feb., 1918.
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methods given in any reputable reference, such as Treadwell-
Hall.
BARIUM SULPHATE.

The sulphate solution should be about 200 cc. in volume and
weakly acid with hydrochloric acid (1 cc. 1.2 specific gravity to
a neutral solution). It should be heated to a temperature just
below boiling,* and about half of the solution of barium chloride
necessary for excess added drop by drop, stirring well mean-
while, and allowed to digest for about 5 minutes. The remainder
of the precipitant is then added (not necessarily so slowly, though
the solution should be stirred during the addition) and it is
allowed to digest 10 or 15 minutes longer. It is then ready for
filtration.

A precipitate formed in this way will be found quite crystalline
and will be readily retained by a paper of moderately close
texture. I have quite satisfactorily used Whatman 40, C. S. &
S. 589 “White Ribbon,” and Munktell’s o instead of the slower
Whatman 42, C. S. & S. 589 “Blue Ribbon,” or Munktell’s oo.
In this way time may be saved in the filtration as well as in the
much shorter period of digestion.

CaLciuM OXALATE.

Heat the solution of the calcium salt to just below boiling.
Add excess ammonium oxalate solution, then just enough hydro-
chloric acid (specific gravity 1.2) to dissolve the precipitate.
Add ammonium hydroxide solution drop by drop until distinctly
ammoniacal, then run in a good excess. Digest at a temperature
just below boiling for about 14 hour. Filter while hot and wash
precipitate with hot water.

The important point in this determination is the acid oxalate
solution from which calcium oxalate is precipitated by the addi-
tion of ammonia. The formation of calcium hydroxide is in this
way prevented and a crystalline precipitate of the oxalate insured.
The method works out the same if the original calcium solution
is made acid, the ammonium oxalate (or oxalic acid) added, then
the ammonium hydroxide solution, as above. The objection to

1 ¢ Just below boiling” gives all the advantages of precipitation and diges-
tion in hot solution and eliminates the risk of superheating and loss through
frothing or bumping.
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this procedure is, of course, the absence of an indicator to pre-
vent the addition of an unnecessary excess of acid. For volu-
metric lime determinations, where an ashless paper is an unneces-
sary extravagance, Whatman 3 and 30 or Munktell 100 will be
found quite satisfactory if the precipitation is done by this
method.

AMMONIUM PHOSPHOMOLYBDATE.

The principal difficulty with this precipitation is the adherence
of many analysts to the old rule, viz., heat the phosphate solution
to about 70° C., precipitate and digest at no higher temperature.
If this procedure is followed, digestion for several days is neces-
sary to secure a filterable precipitate, and even then success is
uncertain. I have found the method of Woy with modifications,
as given in Treadwell-Hall’s “Quantitative Analysis” (1915),
pP- 437, to be very satisfactory. The essential point of this method
is precipitation and digestion at a temperature just below boiling.
The phosphate solution should be made distinctly alkaline with
ammonium hydroxide, then nitric acid added to slight excess.
This is a convenient way to insure the presence of ammonium
nitrate in the solution and prevents the addition of too great an
excess of nitric acid. It should be heated to boiling, then, while
stirring, add the ammonium molybdate solution drop by drop
from a pipette. Digest on a hot plate at a temperature just below
boiling until the supernatant liquid is clear and colorless (usually
about 15 minutes). Decant, wash and filter as usual. Occasion-
ally when the precipitant is added, no precipitate immediately
forms, but instead the solution becomes colored yellow. Diges-
tion, as described above, will bring about complete precipitation
and conversion of the yellow solution to colorless, but in such
cases more than 15 minutes’ digestion is usually required. The
precipitate thrown down in this way is coarse enough to be
retained by quite open-textured papers, such as Whatman 1 and
31, C. S. & S. 595, or Munktell’s OB.

MAGNESIUM AMMONIUM PHOSPHATE.

Here, again, I think the difficulty lies in the use of old methods,
which called for the addition of magnesia mixture to an ammo-
niacal solution of the phosphate in the cold. The method of B.
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Schmitz, as outlined in Treadwell-Hall (Loc. cit.), p. 434, gives
much more satisfactory results. The phosphate solution is
treated with excess magnesia mixture solution, hydrochloric acid
added just to dissolve the precipitate and it is heated to boiling.
Ammonium hydroxide solution is added slowly until a crystalline
precipitate forms. If the precipitate is not crystalline, it should
be redissolved by the addition of hydrochloric acid and reprecipi-
tated with ammonia. When a distinctly crystalline precipitate
has formed, the solution is made ammoniacal, it is removed from
the hot plate and allowed to cool. When cold, add a volume of
ammonia (specific gravity 0.9) equivalent to about one-fifth the
volume of the solution, and at the end of about 10 minutes it is
ready to filter.

The reverse of these determinations, i. e., the determination of
magnesium by precipitating with a soluble phosphate, are carried
out analogously. A number of chemists in brass work are having
trouble with filtering tin dioxide. I’have undertaken to investi-
gate this determination, and hope to have some results on it
before long.

SOAP AND ITS USE IN FAT-LIQUORS FOR LEATHER.*
By A. Harvey.

Before considering the value of soap for fat-liquoring pur-
poses, it will be as well if the preparation and properties of soap
be first dealt with.

The making of soap is essentially a chemical process, and
depends upon the fact that alkalies such as soda and potash will
decompose “fixed oils,” such as cottonseed, cocoanut, tallow, cod,
and palm oils, with the production of a soap, together with the
liberation of glycerol. The process is termed saponification, and
may be illustrated by the following chemical equation, bearing
in mind that the “fixed” fats and oils may be spoken of as
glycerides of fatty acids:

/COOC JHyg /OH
CH COOC,.H“ + 3KOH = C;H—OH + 3(C,,H,COOK)
\COOC.H "\oH
Fat + Potash =  Glycerol -+ Soft Soap

* The Leather World, Jan., 1918,
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When such fats or oils are saponified with potash, the result-
ant soap is a “soft” soap, whereas the “hard” soaps are produced
as the result of saponification with soda.

Mineral oils cannot be saponified like the “fixed” oils or
glycerides. This is due to the difference in chemical composition.
The mineral oils are hydrocarbons, i. e., contain only carbon and
hydrogen.

With regard to resin, which is sometimes used for making
soaps, especially the cheaper kinds, this is the residue left in
retorts after the distillation of turpentine. It is not saponifiable
in the true sense of the term, but as it possesses acid properties,
due to abietic acid, it may be neutralized with soda or potash to
produce a substance having some of the properties of soap. As
explained above, a certain quantity of glycerol (glycerin) is
liberated or set free during the saponification process. On a
large scale, such as in the ordinary soap factory, the liquors con-
taining the glycerol are purified and concentrated in vacuo in
order to obtain the pure glycerine of commerce. Unfortunately,
in the preparation of soft soap, much of the glycerine is lost. At
the present time, however, a large quantity of soap is made
directly from the fatty acids themselves by a process of neu-
tralization. To obtain these fatty acids, the fats or oils are sub-
mitted to a splitting process whereby they are changed in fatty
acids and glycerine. The glycerine so obtained does not require
such an elaborate purification as does that obtained from the
ordinary saponification process.

The neutralization of fatty acids by alkalies to form soaps
may be illustrated by the following chemical equation, taking as
an example stearic acid:

C,H,COOH + NaOH -- C.H,COONa 4 H,0
Stearic Acid + Caustic Soda = Sodium Stearate + Water
(Hard Soap)

Thus two ways of making soap are available, and both may be
utilized by the leather manufacturer for making soap on a small
scale. It might be added that the advantages of making one’s
own soap are many: the quality is always the same, and a cer-
tain amount of economy can also be effected.

It is usual for fat-liquoring purposes to use soft soap, so that
the only alkali required is potash. At the present time, however,
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potash is somewhat scarce and expensive, and might be partly
substituted by soda, but not wholly.

The quantity of alkali necessary to completely saponify a given
weight of an oil may be ascertained from the analytical figure
known as the “saponification value.” This number is the quan-
tity of potash in milligrams required to saponify 1 gram of the
oil. In the following table are given the saponification value of
some of the more common oils, together with the quantities of
soda (for hard soaps) and potash (for soft soaps) required to
saponify 10 pounds of the oil:

énp. Soda Potash
Qil value NaOH KOH
Pounds Pounds
Cocoanut Oil.ceevereenonns 257 1.83 2.57
Tallow...... Ceeeeieee eee . 19§ 1.39 1.95
Cottonseed 0il - cceeeeveenne 193 1.37 1.93
Sesame Oil.ccoecraceccans . 192 1.36 1.92
Bonefat..oeeeeeeeevnancnns 190 1.35 1.9
Castoroil..ceeeeereinennns 180 1.28 1.8
Arachis oil (peanut)........ 193 1.37 1.93
Linseed oil -cevvvvveennnnn. 190 1.35 1.90
Neats-foot 0il......cvvvenns 195 1.39 1.95
Soya bean oil....c.ouin.nn . 192 1.36 1.92

As a general rule the quantity of soda (caustic soda) required
may be obtained by multiplying the quantity of potash by the
factor 0.713.

For the preparation of soap by saponification, the oil is weighed
out and heated in a steam-jacketed pan, and the alkali, previously
dissolved in as small a quantity of water as possible, added with
constant stirring of the mixture. Saponification will soon be
complete, and the mass will set solid, or nearly so, even in the
case of soft soaps. This is due to the absence of the large amount
‘of moisture which is usually present in commercial soft soaps.
As a matter of fact, 1 pound of soft soap prepared as above will
be equivalent to about 115 pounds of ordinary soft soap.

When preparing soap from fatty acids by neutralization, the
alkaline carbonates may be used instead of the more expensive
caustic alkalies. The quantity required must be first ascertained
from an estimation of the acid value of the fatty acids. When
adding the alkali liquor to the hot fatty acids, care must be
taken, or the mixture will froth considerably, due to the evolu-
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tion of carbon dioxide gas. When using carbonates for neutral-
izing, the reaction can be expressed by the following equation,
taking stearic acid again as an example:
2C,,H,,COOH 4+ Na,CO, = 2C,;H,COONa + CO, + H,0
Stearic Acid + Soda Carb. = Hard Soap + Carb. + Water.
Dioxide

So far only the preparation of soap has been considered; the
next thing is the properties of various soaps. Soaps should dis-
solve readily in hot water, and the potash or soft soaps are more
soluble than the hard or soda soaps. The properties of a soap
depend also upon the nature of the fatty acids from which it is
made.

Soap made from castor oil is very soluble in water, more so
than many others, and the soda or hard castor oil soap is a good
substitute for a non-potassic soap. This is due to the low solidi-
fying point of the fatty acids of this particular oil.

Cottonseed oil is used in cases where soft soap with the char-
acteristic “fig” is required, although it cannot be said that
“figged” soaps have any advantage over non-“figged” for fat-
liquoring purposes. The figging is probably due to the separa-
tion of the potash salts of some of the fatty acids having a high
solidifying point, i. e., partial crystallization of the soap.

For many reasons, which cannot be entered into at the present
moment, one of the best soft soaps may be made from linseed oil.

When using salted egg yolk as a constituent of a fat-liquor in
conjunction with a hard soap, one made from cocoanut or palm
nut oil is to be recommended for the following reason: The salt
in the egg yolk is liable to precipitate some of the soap in the
form of a curd, due to the insolubility of the hard soaps in salt
solution. The hard soaps from the two oils mentioned above are
exceptions to this general rule, hence the reason why they should
be used in the presence of salted yolk. It will not be of much
service to give the quantities of other soaps for fat-liquoring
purposes, as it seems probable to the present writer that the
stability or otherwise of an oil soap emulsion is to a large extent
dependent upon the method of emulsification, which resolves itself
into an engineering question. Still, much information can be
gained by the leather dresser by making a few experiments, using
pure soaps prepared as stated above.
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ABSTRACTS.

On the Conservation of Skin by Desiccation. Epn. Nimouvr. J. S. L..
T. C., Jan., 1918. In the October number of the J. S. L. T. C., Mr. A.
Seymour-Jones has called attention to the probability in the future of a
deficiency of raw skins. It is therefore especially important to improve
throughout the conditions of cure so as to ensure a minimum loss of
hide substance.

Though cure by drying has always been in use, and will be increas-
ingly important in remote districts without salt and with difficulties of
carriage, it has always been disliked by the tanner, principally from the
difficulty of judging quality, and the danger of conveyance of anthrax.
Some believe that injury to the skin is due to the sun; others blame both
this and humidity. On the other hand, Seymour-Jones and Abt consider
that solar light and heat destroy anthrax and do not favor the production
of spores.

It does not seem impossible to avoid condensation of moisture on the
grain, by raising the skins above the ground, so as to expose both sides to
draughts of air and by avoiding drying over ground covered with vegeta-
tion, which is necessarily cool and damp. Hann states that in tropical
countries dry ground may reach temperatures of 75°-85° C., so it should
not be difficult to dry sufficiently rapidly to prevent putrefaction, if the
skins are not tainted before exposure. Putrefaction cannot fully set in till
the tissue is completely dead, and the skin cells retain vitality for some
time after flaying. Dr. Carrel has maintained life for months in frag-
ments of tissue artificially supplied with nourishment within certain limits
of temperature, and the cells in the skin are for some time under these
conditions.

The aughor next considers the direct effect of the sun’s light and heat.
The visible light comprises radiations of wave-lengths varying from 7o0uu
in the extreme red to goous in the extreme violet, but beyond these at
either end are invisible rays of longer or of shorter wave-lengths which
the eye cannot perceive. All these radiations when absorbed may be con-
verted into heat, those at the red end being most powerful in this respect,
while the violet and ultra-violet have usually the greater effect in causing
chemical change. When a series of waves falls on anything capable of
vibrating in harmony, it sets it in motion, as a note sung will set in motion
the corresponding wire of a piano, and the shorter waves thus harmonize
with the periods of vibration of certain atoms and molecules, and induce
such violent oscillations as in many cases to overcome the chemical attrac-
tions which unite them and lead to decomposition or rearrangement. As
regards the heat effect, experiments on monkeys at Manila have shown
that they are killed in one or two hours if quite unprotected from the
direct rays of the sun, but if the head alone were exposed the animals re-
main well, although the temperature of the hair itself reach 47° C. (very
much above blood heat) and no change took place in the skin tissues. The
temperature in man does not rise nearly so much, owing to the greater
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_development of the sudoriferous glands, but 37.4° was observed on
Malays. In white men the temperature rises to a less extent but more
rapidly, acting on the nerve-extremities in the skin, and causing there an
increased flow of blood and a consequent rise in its temperature. They
are also from the whiteness of the skin more exposed to the chemical
action of the radiation.

Another effect of chemical action mentioned by Gibbs is the transfor-
mation of oxyhaemoglobin to methaemoglobin. This latter is a product of
oxidation and the reaction is not reversible, but the body is further de-
composed by ultra-violet rays into hematine and albumin. This to a large
extent is prevented by the pigmentation of the skin of black races, and
still more by the hair on hides.

Once the tissue is dead, the bacterial activity has free play and the
enzymes specially attack the labile tautomeric substances which transform
calorific into chemical energies. The propagation of the bacterial organ-
isms themselves is however limited by temperature, each species having an
optimum temperature of growth. For most of them, the temperatures
reached in tropical sunshine are too high, and to many the effects of light
are fatal. In the living tisues enzyme-actions proceed analogous to those
produced by bacteria, but usually in opposite sense, building up rather than
hydrolyzing and breaking down.

Besides the effect of heat just noted, more direct effects occur, such as
coagulation of albumin and increased viscosity or hardening of tissues
preventing the propagation of bacteria. These occur principally on the
surface also checking the ready escape of moisture and allowing the moist
interior to reach high temperatures, but the author is of the opinion that in
absence of ammonia which facilitates the change, there can hardly be
sufficient to change the fibrous structure into gelatine, and he considers the
changes which lead to holes and blisters rather due to incipient putrefac-
tion and the formation of bacterial zooglea.

As regards direct chemical action of the light, the rays of short wave-
lengths (violet and ultra-violet) are the most active and affect many
organic substances, and especially those which rotate polarized light, and
which usually are capable of change between ketonic and enolic forms, and
this is specially the case with the proteid constituents of skin. Many
bacteria are thus almost instantly killed by the ultra-violet radiations of
the mercury vapour lamp. The ultra-violet rays are also capable of pro-
ducing ozone, hydrogen peroxide and nitrous acid which have marked
bacteriocidal powers and may penetrate the skin to parts which the direct
rays cannot touch.

Sodium Sulphate (Glauber Salts) in Leather. THOMAS MANN. /. S.
L. T. C., Jan., 1918. Suggestion by the British Government to fix a limit
for sodium sulphate in leather has caused the author to question what
object is gained by this limitation. He decides that the presence of other
sodium salts is just as harmful and that the quantity of such alkali bases
should be determined. The usual method of determining sodium sulphate
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by calculating from the sulphuric anhydride is open to many objections.
He suggests a method of determining all the sodium oxide present and
figuring this to a sodium sulphate basis. This method consists of ashing a
definite quantity of leather, treating the ash with an excess of sulphuric
acid, which excess is driven off by heat and the ash again weighed.
Barium sulphate, silica, sulphuric anhydride, and the oxides of iron,
aluminum, calcium and magnesium are carefully determined and the sum
of these deducted from the percentage of ash after treating with sulphuric
acid. The balance is taken to be sodium oxide and is calculated to glauber
salts.

 The Distillation of Wood. J. C. LAwrENCE. /. S. C. /., Jan,, 1918.
The author in a lengthy article gives a very complete description of the
history and methods used in the distillation of wood, together with the
yiclds obtained from different wood and the influences which affect such
yields.

A New Reagent for Phloroglucinol and Catechol. M. JOACHIMOWITZ.
Biochem. Zeitsch.,, 1017, 324-358; from J. S. L. T. C., Jan, 1018.
p-Dimethylaminobenzaldehyde dissolved in sulphuric acid is a reagent for
phloroglucinol, and gives a quicker and more localized reaction than
Lindt's reagent. It was applied (microchemically) to the investigation of
464 different plants to determine the distribution of substances giving a
coloration with it. Catechol gives the same reaction with this reagent and
investigation reveals the fact that in many cases the coloration produced is
due, at any rate partly, to this substance.

The Analysis of Oils. F. ERBAN. Seifens. Zeil., 1916, g69; abst. in
Coll,, 1917, 285; from J. S. L. T. C., Jan, 1918. The usual method of
determining neutral fat in soaps, turkey red oils, etc., is to shake out the
weakly alkaline solution with ether or petrol ether. In order to avoid the
solution of soap, and a consequently too high figure for neutral fat, it is
best to shake out the ethereal solution with dilute hydrochloric acid. The
small amount of fatty acid thus present in the ethereal solution can be
recognized by its acid value, and its amount determined.

Detection of Fish Oils in Mixtares. T. MARcussoN and H. V. HUBER.
Mitteilung des kgl. Materialprufungsamtes Gross-Lichterfelde, 34, 56;
abst. in Coll,, 1917, 285; from J. S: L. T. C., Jan, 1918. The octabromide
determination, up to the present regarded as reliable, cannot be used with
deodorized fish oils. In such cases the reaction of Tortelli and Jaffe may
be advantageously used. Further information is given by the specific
gravity which lies between 0.9494 and 0.9384 for fish oil fatty acids and
between 0.9314 and 0.9373 for fish oils themselves. It should be noticed
that other hardened oils, in particular hardened linseed oil, give the above
reaction. Hardened fish oils are identified with most certainty according
to Marcusson and Meyerheim by means of their characteristic component,
octadecylalcohol.
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Disinfection with Formaldehyde—Bleaching Powder as a Substitute
for Permanganate. D. W. HORN, Ph.D. Amer. Jour. of Public Health,
Feb.,, 1918. The permanganate method of disinfection is widely used in
this country. In the tanning industry it has found application in connec-
tion with the foot and mouth disease. The amount usually recommended
to disinfect 1,000 cubic feet of space is 75. cc. of formaldehyde gas.

This would require 500 cc. of formalin poured into 250 grams of
potassium permanganate. On account of the high cost of permanganate
the author has substituted bleaching powder.

He finds that 800 cc. of formalin poured into 620 grams of bleaching
powder will produce the desired quantity of gas to disinfect 1,000 cubic
feet (i.e., 75 cc. formaldehyde).

He compares the cost of this method with the permanganate method,
as well as the dichromate method recommended by the Pennsylvania
Department of Health.

To produce 75 cc. of formaldehyde costs:

Permanganate—formalin method ................. $2.29
Dichromate—formalin method .................... 1.14
Bleaching powder—formalin method .............. .39

Disinfection with Formaldehyde. C. G. STorM. /. /. £. C., Feb., 1918,
The author finds that soluble chlorates are a good substitute for per-
manganate. He has tried both potassium and sodium chlorates with
formalin and finds both to give good results.

The best proportion to use is 25 grams of chlorate to 100 grams of
formalin. This, however, requires heating to 65° C. to start the reaction.
This is easiest done by putting the formalin and chlorate in a pail properly
weighted and then placing this in a dishpan containing boiling water.

According to the author’s figures it would require about 300 cc. of
formalin and 75 grams of sodium chlorate to disinfect 1,000 cubic feet
of space.

The Reclamation of Grease and Oil. KEITH MERRILL, in Commerce
Reports.

(ABSTRACTOR'S Note.—The following article should be of interest to
tanners, as somewhat similar methods have been used in the recovery of
grease from scrap leather, floor scraping, etc.)

The grease removed in the cleaning of wheels, axles, and other parts
of motor omnibuses, trucks, and other motor vehicles, is now utilized by
the London General Omnibus Co. The process of reclaiming the oil is
described in the Commercial Motor, December 27, 1917.

Before the war kerosene was largely employed for the cleansing of
engines and other parts of vehicles, but now its consumption is restricted
to the barest minimum, the net effect being the saving: of five-sixths of
the former consumption. Kerosene, as a matter of fact, is now only
employed on certain parts of the mechanism for the cleaning of which
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there is no practical substitute. For the cleaning of wheels, axle casings,
and front axles, a weak solution of hot caustic soda is employed.

When engines, gear boxes, back axles, or any other parts are stripped
for overhaul, a very great saving is effected over former practice.

The unit is dismantled and the parts are placed in a cradle and
dumped into a tank of water into which a jet of steam is turned so as to
bring the water to boiling point. Caustic soda is added to the water until
a solution of about 3 per cent. strength is obtained. The whole of the
grease is removed from the parts in the process of boiling and comes to
the top of the water. Before the contents are removed the grease is
drawn off the top. This is done through an overflow pipe of large diam-
eter which leads into a barrel.

The cradle of parts is then transferred to a second tank of clean,
boiling water, which finishes the cleansing and, as the parts are drawn
out quite hot, they drain perfectly dry and absolutely clean.

The result, so far as cleanliness of parts is concerned, is considerably
better than if kerosene had been used. All minute parts of metal, dirt,
and grit go to the bottom of the first cleansing tank, where there is a large
drain cock, the tank occasionally being washed out and all the sediment
drawn away.

The London General Omnibus Co. has a central depot for reclaiming
oil and washing rags, and to this depot the barrels of waste oil, as they
are obtained from the various garages, and the rags, are sent.

At this depot there is a battery of three tanks erected over a furnace,
each of which is filled to about two-thirds with water, which is brought
up to the boiling point. The barrels of oil as they come in are drawn off
into the first boiling tank, a little being added at a time. The oil is
thoroughly boiled, and when it overflows into the second tank (by the
adding of more oil to the first) it has become almost fit for use again,
but it passes into the second tank and is given a second boiling, and then
on to the third tank where it goes through its final stage of cleansing,
and from the last tank it is drawn off and run into barrels.

As to rags, their price to-day is much higher than before the war,
when they were thrown away after being used. At present every rag is
collected in each garage and sent once® a week to the central cleaning
depot. The first process through which they go is the extraction of all
grease and oil in a centrifugal steam-heated chest like those in the ordi-
nary dry-cleaning establishments in the United States. All oil, by the
rotary action of this chest, is expressed from the rags, whence it runs
into barrels for the reclaiming process already described. The rags are
then put into a washing machine, and later into a rotary drying machine.

The oil gained by the reclaiming process is not entirely suitable for
use again as a lubricator, but as so much of it comes from a solid grease,
it is of a better quality than cleansed engine oil. It still has a value as
a fuel, however, as can be gathered from the fact that at the North Road
coach factory of the London General Omnibus Co., two 80 horse-power
Diesel engines are run from the output of the oil reclaiming depot, leav-
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ing a certain quantity in excess available for sale. This oil is particularly
good for Diesel engine work. It leaves the cylinder heads and valves
very clean and is entirely satisfactory.

The cleansing plant of the London General Omnibus Co. has paid
for itself in a very short time, because oil reclaimed may easily be sold
for blending or fuel. A small plant can be easily put up in any garage,
fuel for the furnace being rubbish and shop sweepings, or if the “raw
material” is too small in quantity for economical handling on the spot, it
could be collected and dealt with in larger bulk at some central collect-
ing place.

Whale Fat for Margarin in Norway. Commerce Reports. On account
of the shortage of other materials for the margarin industry, experiments
have been made for some time with hardened whale fat. In Denmark
whale fat has been in use cver since 1914, but in Norway it has not been
necessary until recently to use this substitute for other fat. However,
since the supply of the usual raw materials for this industry to Norway
has now entirely ceased, the hardened whale fat will be used also by the
margarin factories here, and to this effect the whale catching off the
coasts of Norway is to be commenced for Government account. Whaling
off the coast of Norway has been prohibited for a number of years,
because the fishermen claimed that it scared the fish away from the coasts
and that, moreover, the offal from the whaling stations is detrimental to
the fish.

In 1914 Denmark used 20,000 barrels of hardened whale fat in the
margarin industry. This product has been proved to be well suited for
making a margarin that keeps well and tastes well and to be even better
suited for making lard. For the latter purpose it is only necessary to
add a smaller part of vegetable oil, such as cottonseed oil or soya oil, to
make the lard thus produced fully as good as the imported American lard.
In Denmark, where this fat has been used for nearly three years, no
injurious effects on the human organism have been observed.

Hide Market at Shanghai. Commerce Reporis. The greater propor-
tion of the hides that reach this market are of the hard, sun-dried kinds,
which come principally from Yangtze Valley points. Some dry-salted,
and a very few wet-salted hides come to Shanghai. Anthrax is rare in
China. A dealer here states that during thirty-five years’ experience in the
hide business he has personally known of only one case of anthrax.
Danger from anthrax would be much greater among the wet-salted hides,
but there is very little trade in this class of hides in Shanghai. If there
were any danger it would certainly appear before the hides left the
packers here.

Upon their arrival here the hides are carefully inspected and graded
under the supervision of expert foreigners, and the best selected, in two
grades, are sent to the United States. No poor grades are sent to that
country. There is a brisk demand from Italy for the poorer grades of
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hides. After selection for shipment, the hides are all carefully cleaned
by scraping and brushing. They are then disinfected by immersion in
an arsenic bath and are carefully and thoroughly sun-dried again before
they are packed in bundles for shipping.

The dry-salted hides come chiefly from the northern parts of Shan-
tung and Chihli Provinces, and the only trouble with these is likely to
come from inexperienced handlers in outside cities. No tare allowances
are made by exporters except for the weight of the hoops around the
bundles and the burlap that protects the corners. The hides are well
flayed, resulting in the removal of every particle of meat. There is no
tick except in Manchuria, and few hides come to this port from there.
The tails and hoofs, and part of the face—the nose and eyes—are taken
out. The hides are weighed separately to get the weights suitable for
various markets and manufactures. The principal selling centers are
Hankow, Shanghai, and Tientsin.

Wattle Bark in South Africa. C. pu PLESSIS CHIAPPINI. /. R. S. A.,
Feb. 15, 1918, The production of wattle bark is one of the chief agricul-
tural industries in the Natal Province. This bark, which is a splendid
tanning agent, and is stripped from the black ‘wattle tree (Acacia mollis-
sima) indigenous to Southeastern Australia, was introduced into Natal
about thirty years ago, and since its introduction an industry of first
importance has been established.

The cultivation of wattle trees has proved very remunerative to the
Natal farmer. The trees are ready for felling and the bark is stripped
off when they are about six years of age. The grower usually cuts his
trees in rotation, taking six or seven years to go through his plantation,
when he commences again ab initio. The trees are self-sown, and, with
a little care, again come to maturity in the usual time.

At present there are about 160,000 acres of land devoted to wattle
growing, and the annual yield is approximately 65,000 tons of bark, which
output is expected to increase considerably. The average price realized
for dried bark, bagged and chopped, is from £5 to £6 per ton at Durban.
The export of bark in 1907 amounted to 354,500,000 pounds, valued at
£139,400, and during 1917, 93,532,000 pounds, valued at £225,722.

Wattle bark contains from 28 to 30 per cent. of tannin acid. One
of the most valuable by-products is the timber, which is in great demand
at the mines for pit props, the sale of which, in some instances, more than
recompenses the growers for the cost of producing the bark.

Prior to the war very little wattle bark was used by the English
tanners, and practically the only market was in Hamburg; but since the
outbreak of hostilities the bark has been used in England with considerable
success.

Shortly after the war broke out, some enterprising persons established
factories in Natal for the manufacture of wattle extract; two factories
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are now producing the extract, and the new industry has proved to be
very remunerative. The extract is of high tanning value and realizes
good prices on these markets.

It is anticipated that the bulk of the bark produced in Natal will,
after the war, be consumed by the local extract factories, and that more
of these will be erected. ’

Recovery of Potash from Wool Scouring Waste. R. S. WESTON.
J. S. C. I, January, 1918. Wool scouring waste is one of the most befoul-
ing and greasy liquids which streams receive. It fouls the banks and
bottoms, clogs sewers and outlets and increases the growth of aquatic
vegetation. Its purification while important before the war, is doubly so
now on account of the increased prices of the grease and potash which
can be recovered from the waste.

Before the war the usual treatment was to precipitate with sulphuric
acid and sodium sulphate. In this method the potash was lost. Since the
war niter cake has been used in the place of sulphuric acid, but this also
prevents recovery of the potash. The three main processes embodying
the recovery of the potash which can be used are:

1. Precipitation Process.—The dirt is removed by settling, the grease
by centrifuging, some other impurities are precipitated out by chemicals,
and the potash recovered from the remaining liquor by evaporation, cal-
cination and lixiviation,

2. Cardem Process—This is a process used to reduce sulphate pulp
liquor and tanning extracts to'a powder.

The apparatus consists of a series of chambers through which hot
flue gases are passed and into which the settled and centrifuged waste is
sprayed through special nozzles. The potash is then recovered from the
dried product.

3. The settled and degreased liquors are concentrated in an evapora-
tor to 65 per cent. solids and the concentrated liquor coked in an open
furnace, the potash being removed from the coke by lixiviation.

Various improvements have been made in the wool scouring mills
which have improved their efluent, but still a recovery plant is not only
necessary but profitable. The value of the products obtained, even at
prices before the war, will more than pay for the process,

The Melting Point of Coal Ash. J. T. Dun~N. /. S.C. 7, Jan., 1918. The
author made a series of tests on the melting points of coal ashes. On
account of the variation of the melting points, analyses were made of
the ashes. These analyses together with their melting points are given in
a table. The melting points run from 1,020° to 1,500° C. These deter-
minations were made for a briquetting plant for iron ore, .where the
briquettes are taken in wagons through the furnaces. In the course of’
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this operation considerable trouble resulted when a change of coal was
necessary because of the failure of the usual supply, from the ash of the
coal with which the furnaces were being fired being deposited in the
wagons until they clogged up and jammed the furnaces. In the discussion
which followed this paper, considerable stress was laid on the importance
of the melting point in determining the value of coal.
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THEORY OF TANNING—A REPLY.

By John Arthur Wilson.

In the discussion of a subject so deeply involved as the theory
of tanning, it is not surprising to find one mistaking lack of un-
derstanding for disagreement. Bennett, in his recent contribution
to this subject, “The Lyotrope Series and the Theory of Tan-
ning,”! states that he is in profound disagreement with the
author’s views on tanning, but the author feels impelled to ex-
press his belief that Bennett has not comprehended the theory of
vegetable tannage evolved by Procter and Wilson? in consequence
of which the equations given later by the author® might well ap-
pear to him unjustified.

On several occasions the author’s attention has been drawn to
persons unable to grasp the ideas contained in the recent publica-
tions of Procter and his collaborators because of an attempt to
visualize conditions obtaining at equilibrium without the aid of
mathematics. 1f the reader will refer to “The Acid-Gelatin
Equilibrium”* he will find the equation

2=y + =) (1)
expressing the ionic relation existing when gelatin is in equilibrium
with dilute hydrochloric acid solution, where in the external solu-
tion x represents the concentration of hydrion or chloridion and
in the solution absorbed by the gelatin y represents the concentra-
tion of hydrion and y 4 z the concentration of chloridion. This
relation is fairly readily visualized and indeed the principles un-
derlying its derivation are to be found in numerous text books.
But it has been stated that the total concentration of ions, 2 y 4 2,
of the jelly is greater than the ionic concentration, 2 x, of the ex-
ternal solution. This fact is perhaps not so readily visualized,
but is easily proved by applying to the above equation the well-
known theorem of algebra: If the product of unequals is equated
to the product o/ equals, then the sum of those unequals is greater
than the sum of the equals. In other words, it was by an appli-

1J.S. L. T.C. 1, 130-136 and 169-182 (1917); This JOURNAL 13, g1
(1918).

2 J. Chem. Soc. 109, 1327 (1916); This JOURNAL 12, 76 (1917).

3 This JOURNAL 12, 108 (1917).

¢ J. Chem. Soc. 109, 307 (1916); This JOURNAL 11, 261 (1916).
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cation of mathematics that we learned that y + (y + 2) is
greater than » 4 x and obtained the equation

2rxr +e=27y+ = (2)
Now the relations existing between the volume of the solution
absorbed by the jelly, the amount of electrolyte combined with
the gelatin, and the various ionic concentrations are so compli-
cated that it is doubtful if any mind could picture them clearly
without the use of mathematics. This will be illustrated to a
striking degree later in this paper by an equation giving the
volume of absorbed solution as a function of the hydrion concen-
tration.

Returning now to Bennett’s paper, we find him avoiding any
quantitative treatment of the subject and attempting explanations
without the aid of mathematics. He has incorporated into his
paper a number of views expressed by W. W, Taylor,® especially
" those dealing with what is called lyotrope influence. Salt solu-
tions are found to be less compressible than pure water, but equal
concentrations of different salts of one anion or of one cation are
found to produce effects of different degrees and we can arrange
the ions in order of the effect produced ; thus

CO, > SO, > C1 > Br > NO, > I and
Na > K > Li > NH,.

Because the effect is probably due to some action of the salt
upon the solvent, Taylor refers to it as lyotrope influence. The
same or a very similar order of ions is observed in their effects
upon many other actions, such as the hydrolysis of esters, precipi-
tation of sols, gelation, etc. Although this series is generally
known by the name of its discoverer, Hofmeister, Taylor
throughout his book calls it the lyotrope series. Now Bennett
uses [yotrope influence as a sort of magic term which in itself is
supposed to explain any action of any salt, whether it be on the
compressibility of a solution or the contraction of a swollen jelly,
two actions which the author is convinced are quite different.
Bennett insists that this lyotrope influence is of primary import-
ance to any satisfactory theory of tanning and yet he does not
offer any explanation as to the molecular mechanism of this
mysterious influence. One might equally well contend that no

5 The Chemistry of Colloids (Longmans Green & Co.).
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satisfactory theory of tanning could be evolved which did not in-
clude a consideration of the relative migration velocities of the
ions, temperature, or any secondary influences.

The lyotrope or Hofmeister series, however, is a fact and one
is tempted to speculate as to why the order of ions should be
practically the same for so many different actions. Taylor notes
that certain salts lower the gelation temperature in the order

Cl < CI0, < NO, < Br < I

and that Pappada found neutral salts to accelerate gelation in the
order

Cs > Rb> K > Na > Li.
To one who has followed recent work on the determination of
the degrees of hydration of the ions, these series present asfamiliar
appearance. In Table 1 are given some figures calculated by
Smith® for the number of molecules of hydrated water held by
these ions at zero concentration. '

TABLE 1.
Molecules of Molecules of
Ion hydrated water Ion hydrated water
CSeveeeneccnnnins 3.7 Cliceeionees wen 9.6
Rb.coeeieeennnns 6.4 ClOgecevevenennns 9.3
) ‘P, 9.6 NOg vveereonanns 8.9
Na.cooveeanionnn 16.9 b2 6.7
Liceiesoeeaannnns 24.0 i ) S T N 4.3

There is here an evident coincidence between the so-called
lyotrope series and the hydration series. More recently Kendall,
Booge and Andrews’ have concluded from their work that, for
acids in aqueous solution, hydration increases with the acidic
strength. For salts of these acids, however, the series appears to
be reversed, the salts of the strongest acids, such as NaCl, being
less hydrated than those of weak acids, such as CH,COONa and
Na,CO,. Taylor points out that the order of anions arranged
according to their precipitating power on neutral albumin is com-
pletely reversed if a trace of acid be added to the albumin, furnish-
ing another striking similarity between the hydration and lyotrope
series.

Kendall, Booge and Andrews hold that for aqueous solutions of
acids and bases, the extent of hydration increases with the acidic

¢ J. Am. Chem. Soc. 37, 729 (1915).
1]. Am. Chem. Soc. 39, 2303 (1917).
2
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or basic strength ; in other words the greater the degree of hydra-
tion the greater the degree of ionization. If this could be ex-
tended to all electrolytes we should find equimolar concentrations
of different salts furnishing different ionic concentrations follow-
ing the lyotrope order and this in itself would be sufficient to ac-
count for the series. But unfortunately for this view, uni-
univalent salts appear to be about equally dissociated while hydra-
tion values are apparently widely divergent. One awaits with in-
terest the promised publications by Kendall and his collaborators
on the question of salt hydrates. Meanwhile the fact remains
that as yet no entirely satisfactory explanation of the molecular
“mechanism responsible for the lyotrope series has been forthcom-
ing and we should hardly be justified in trying to explain the
action of tanning by means of this series, the mechanism of
which is itself not understood.

Turning now to the subject of adsorption, the author objects
to Bennett’s free use of the term without his offering an explana-
tion as to what is that mechanism of adsorption upon which one
can build a satisfactory theory of tanning. The author questions
Bennett’s authority for the statements: ‘‘Moreover, the adsorp-
tion law is not merely empirical ; whatever its origin, it now rests
upon as sound a basis of theory as the ionization theory. The
adsorption law 1s almost a necessary deduction from surface ten-
sion phenomena and rests upon equally well founded assump-
tions.” Ever since Gibbs showed that, where a solute lowers the
surface tension of a solution, the concentration of the solute must
be greater at the surface than in the bulk of solution, there has
been a strong tendency to use this proof as an explanation of the
fact that substances of great specific surface reduce the concen-
tration of solute in many different kinds of solutions with which
they are brought into contact. It cannot be emphasized too
strongly that Gibb's work applies only to true solutions. Since it
has generally been found impossible to determine the actual con-
centration of solute in the layer of solution in direct contact with
the surface of the adsorbing agent, any conclusions as to the causes
of such adsorption have been open to question. Differences of
opinion have arisen because of our imperfect understanding of
the nature of the forces involved in surface tension, which may
not be different from those resulting in solvation or in the union
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of NH, and HCl. It is quite possible, if not probable, that many
cases of adsorption are actually chemical combinations of por-
tions of the solute with the surface molecules of the adsorbing
agent. In accounting for the electrical charge possessed by col-
loidal particles Burton® says: ‘““There can be no doubt that this
charge is due primarily to some chemical combination followed
by a partial dissociation of a portion of the colloidal unit.” He
refers further to a paper® in which he “has given evidence to show
that the charge possessed by the metallic particles of the Bredig
electrically prepared solutions is due to a chemical reaction be-
tween the medium and the metal followed by dissociation.”
Zsigmondy® “has come to the conclusion that the adsorption and
dissociation of ions by the particles offers the only rational ex-
planation of the coagulation and peptisation by electrolytes.”
Ostwald!! says: “If it is asked what forces bring about these
concentration changes in surfaces, it can only be answered that a
whole_series of different kinds of energy plays a role.” The sub-
ject is indeed involved and agreement upon it is not yet complete.
With such a state of affairs, it is easy to devise numerous theories
which will fit the facts qualitatively. Consequently such theories
are of little weight compared to one which explains the facts
quantitatively. Bennett makes no attempt at a quantitative treat-
ment of the subject.

Because of the enormous complexity of the problem, it has
seemed to the author that deductive reasoning from a simple
hypothesis offers the only hope of a satisfactory solution. Such
an hypothesis has been furnished by Procter in his quantitative
treatment of the acid-gelatin equilibrium, from which he con-
cluded that gelatin forms a highly ionizable chloride with HCL
Procter is not alone in holding this view; for example on page
219 of Zsigmondy’s book (loc. cit.) we find the following equa-
tions given for the action of acids and alkalis on proteins.

® The Physical Properties of Colloidal Solutions (Longmans Green &
Co.) p. 181.

® Phil. Mag. 11, 425 (1906).

19 Chemistry of Colloids (John Wiley & Sons, 1917) p. 73.

I Theoretical and Applied Colloid Chemistry (John Wiley & Sons,
1917) p. 121
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NH,*
R < + HCl = R < + cr
COOH COOH

NH,
R< + NaOH = R< + Na+ + H,0.
COOH coo’

(These are not very different from the equations which Bennett
termed “blood curdling.”)

In a paper soon to appear'? W, H. Wilson and the author have

* reasoned out, without regard to experiment, what should result
when an elastic jelly is immersed in a solution of a uni-univalent
electrolyte with which it combines chemically after the manner of
protein and HCI in the above equation. The equations which
have been derived are very general and apply to suspensoids as
well as emulsoids, but special emphasis will be laid here upon
their application to the hydrochloric acid-gelatin equilibrium, the
reader being referred to the paper mentioned for a more general
treatment. Complete ionization of the gelatin chloride and
hydrochloric acid is assumed, for otherwise the relations become
exceedingly complicated. However, since only concentrations
less than N /5 will be considered, very little error will result from
this assumption.

It is clear that equations (1) and (2) apply and therefore need
not be rederived. V is defined as the number of cubic centi-
meters of solution absorbed by, and therefore also the increase in
volume of one millimole of gelatin. All concentrations are in
terms of moles per liter. Two constants are involved, defined
as follows:

e

C=+ (3)

which gives a measure of the modulus of elasticity of the gelatin.
unhydrolyzed gelatin] X [Ht

K — L y y ge ] [H*] (4)

[gelatin ion]

which corresponds to the constant governing the dissociation of
ammonium ion into ammonia and hydrion.!?

12 Colloidal Phenomena and the Adsorption Formula. /. Am. Chem.
Soc.,(June, 1918).

3 NoTE: A better understanding of this work will result from reference
to ‘ The Swelling of Colloid Jellies;”” This JoURNAL 11, 399 (1916), or to
‘‘ The Acid-Gelatin Equilibrium " (Joc. ait.).
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Since we are dealing with one millimole of gelatin,
[unhydrolyzed gelatin] = % —z

where z is the concentration of gelatin ion, and since the concen-
tration of hydrion in the jelly is represented by y, we have

(9
K="
or Vz(K+y9)=y (5)
From (1), (2)and (3) £=CV 4 2 y/Cvy (6)
And substituting (6) in (5)
VX + 9NV +2yTvy) =y (7
Likewise from (1), (2) and (3)
x=y+ yovy. (8)

Equations (7) and (8) can readily be solved simultaneously, giv-
ing V as a function of x, but the resulting equation is so un-
wieldy that it is preferable to keep them separate. By running
successive portions of standard HCI into a gelatin solution of
known volume and determining the hydrion concentration by
means of the hydrogen electrode, after each addition, Procter and
Wilson obtained the value K = 0.00015. The constant C was
determined from e and V and was found to decrease with rise
of temperature being about 0.0003 at 18°C. Substituting these
values in the equations we get the curves shown in Fig. 1 and 2.
In these figures are also indicated actual determinations made by
Procter’* before these constants were known.

It is important to note that the comparison of theoretical and
experimental values in Fig. 1 does not require a knowledge of the
molecular weight of gelatin. The experimental values for con-
centration of gelatin chloride are taken as the difference between
the concentrations of chloridion and hydrion in the jelly.

As for the comparison of results in Fig. 2, it is necessary to
know the molecular weight of gelatin.  Since the author has
found that if gelatin be considered as a monacid base its molecular
weight would be 768, Procter’s values for V have been altered so

W /. Chem. Soc. 105, 317 (1914) ; This JOURNAL 9, 212 (.1914).
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as to indicate the amount of solution absorbed by 0.768 gram
gelatin.

The two figures really constitute separate proofs, Fig. 1 that
the hypothesis is correct and the constants reasonably accurate,

o
o

G

o% . B o *
FIG. 1.

jv K=.0001S a3 C=.0003

and Fig. 2 that the molecular or equivalent weight of gelatin is at
least of the order of magnitude of 768. Such agreement between
pure reasoning and experimental facts can hardly be called acci-
dental and whoever has an alternative theory to propose, or de-
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fend, should first examine it to determine whether or not it will
explain the facts quantitatively as does this one.
The author regards the foregoing as the strongest kind of evi-

dence that with gelatin and acids we are dealing with ionic re-
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actions and that in acid solution the positive electrical charge on
gelatin or hide is due to the ionization of a gelatin or collagen
salt of that acid. This conception is the basis of the theory of

vegetable tanning of Procter and Wilson and furnishes the

2

> L + o >



186 LEATHER CHEMISTS ASSOCIATION

author’s reason for believing vegetable tanning to be an ionic re-
action. If Bennett agrees with Burton’s view (loc. cit.) con-
cerning the origin of the electrical charge on colloids, the author
would like to have him explain his distinction between chemical
and electrical equivalence.
As for chrome tanning, the author has been entirely unable to
grasp the procedure by which Bennett changes the sign of the
electrical charge on colloidal chromic oxide, making it capable of
precipitation by positively charged collagen. Furthermore, it has
yet to be proved that the chrome in a one-bath liquor is in the
colloidal state. In a private communication Dr. A. W. Thomas
of Columbia University informed the author that a determination
of [H+] = 0.00076 had been obtained by means of the hydrogen
electrode for a commercial chrome liquor rendered basic until the
chrome had begun to precipitate. It was found that such a liquor
would tan slightly acid pelt without any further addition of alkali.
Even in neutral chromic oxide sols the particles are positively
charged, while in this solution the hydrion concentration is 7600
times as great as that of a neutral solution. Because colloidal
- chromic oxide as well as collagen is positively charged in acid
solution and since chrome tanning takes place entirely in acid
solution, the author was forced to abandon the idea of mineral
tanning being a colloidal coprecipitation. The idea that it is
merely a coating of the fibers with chromic oxide will not suffice
in view of the resistance of chrome leather to boiling water. Col-
lagen is converted into gelatin by immersion in water at the boil-
ing point, but chrome leather is practically unaltered by this
treatment, an indication that what was collagen in the leather has
undergone chemical change. The only rational possibility left, in
the author’s opinion, is that the chrome combines with the col-

“lagen forming an actual compound, possibly analogous to chromic
acetate. The author has from time to time carried out experi-
mental work on this subject and intends to continue the work as
opportunity is afforded.

And now for a final word on the subject of the Freundlich ad-
sorption formula. This equation apparently does represent the
facts approximately. Bancroft!® says, “no formula is strictly
accurate, and the simplest one seems best for the time being. If

18 /. Franklin Inst., 185, 203 (1918) ; Abstract this JOURNAL, this issue.
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the curves really bend round parallel to the axis of ordinates,
the simple formula is necessarily wrong.”

Our curve for gelatin chloride in Fig. 1 can be represented
very closely by

z2 = 0.1 x°%3,
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Since it agrees with the empirical formula, are we to call the

combination of gelatin and HCI adsorption? If so, then such
3
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adsorption is really chemical combination. Mr. Wm. Harrison
calls attention to the fact that it is not z, but V(y 4 2) which is
determined in certain adsorption experiments. The curve for
V(y 4+ 2) as a function of x is given in Fig. 3 along with the
curve for 7.33 x°4? which would be that of the empirical formula.
The difference between these curves is of about the same order
as is generally found between observed results and those calcu-
lated from the empirical formula. By a suitable juggling of con-
stants in this formula, which is quite permissible, the two curves
can be made to approximate each other over wide ranges.

The author’s real objection to the empirical formula is not that
it does not represent the facts approximately, but rather that it
does not explain the facts as a true formula should do. There
is reason to believe that adsorption is due primarily to chemical
combination, whether by means of primary or residual valencies,
between the adsorbing agent and substance adsorbed and that
further development of the mathematical relations given above
will ultimately result in a formula which will give a true and
exact explanation of the adsorption of dissolved substances by
colloids.

The more specific details of Bennett’s papers are left untouched
because they are for the most part corollaries of the main points
and it is considered unwise to run the risk of befogging funda-
mental issues by a mass of detail.

SUMMARY.

It is contended that Bennett’s disagreement with the author’s
views on tanning is due to a lack of understanding of the recent
work of Procter and Wilson. Such failure to comprehend this
work has been common and is attributed to an attempt to avoid
the mathematical treatment of the work.

An apparent relation between hydration and so-called lyotrope
influence is indicated, but objection is raised to using this term
as an explanation of the molecular mechanism of any action until
the mechanism of this influence is itself understood.

The origin of the electrical charge on colloids is discussed.

By pure reasoning from the hypothesis that gelatin combines .
chemically with HCI forming a highly ionizable salt, an equation
is derived which is in rigid quantitative agreement with experi-
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mental observations. Since many theories will explain the facts
qualitatively, it is argued that any alternative theory proposed
should be in as close quantitative agreement with the facts. This
is Bennett’s weak point.

Strong evidence is given that the electrical charge on gelatin
or hide in acid solution is due to the ionization of a protein salt
of that acid, which conception is the basis of the theory of vege-
table tannage of Procter and Wilson.

The theory of chrome tanning is discussed and the opinion’
given that the formation of a chromium salt of collagen offers
the only rational explanation as yet given.

A discussion is given concerning the Freundlich adsorption
formula.

ANALYSIS OF SULPHONATED OILS.
COMMITTEE REPORT, 1917-1918.

By V. K. Alsop.

The Council requested me to act as chairman of this commit-
tee in order to make such recommendations in reference to
changing our provisional methods as seemed advigable in view of
last year’s committee report. This was to be done without un-
dertaking any further analytical work this year.

An article on Sulphonated Oil Analysis by Ralph Hart was
published in the Journal of Industrial and Engineering Chemistry,
Sept., 1917, and reprinted in this JourNAL October, 1917, p. 550."
This paper described some methods which it seemed might be
applicable to the class of oils used in the tanning trade and I have
- decided to recommend that they be investigated by a committee
and in the meantime that it is not advisable to make recommenda-
tions in reference to changing the present methods. Some tests
with the methods proposed by Mr. Hart have been made in the
laboratory of the Elk Tanning Co. and the paper by Mr. Schultz
in this number gives results as compared with the present methods
and may be of assistance to the committee appointed to take up
the matter.
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ANALYSIS OF SULPHONATED OILS.
By G. W. Schultz.

The method of R. Hart (J. Ind. and Eng. Chem., Sept.,
1917; this JournNar, Oct., 1917, p. 550) was used with several
additions and modifications to make it applicable to the analysis
of all sulphonated oils and to include several other determina-
tions.

Hart’s use of the acid value of the fatty acids from the
original oil for calculating the total fat should make his results
too low, as it is well known that the saponification value of the
fatty acids from a sulphonated oil is much lower than the acid
value of the fatty acids from the same oil before sulphonation.
This difference varies for different oils and with the degree of
sulphonation. Even in the case of castor oil the average likely
would be nearer 180 than 190.

The additions and modifications used are as follows:

Unsaponifiable.—About 20 grams of the sulphonated oil is ac-
curately weighed into an erlenmeyer flask and saponified with 75
cc. of standardized alcoholic KOH approximately by boil-
ing for 1 hour under reflux. Titrate the excess of KOH with
N/2z acid using phenolphthalein and calculate to milligrams
KOH/gram = saponification value of sample. Make the solu-
tion strongly alkaline again and add sufficient water to give a
50 per cent. alcoholic solution and boil for a few minutes under re-
flux, cool, transfer to a separatory funnel washing flask with
successive portions of 50 per cent. alcohol and finally with petro-
leum ether. Extract soap solution at least three times with petro-
leum ether. The petroleum ether extract is then washed
thoroughly, poured into a tared beaker, evaporated, cooled and
weighed.

Saponification Value of Fatty Acids—The extracted soap so-
lution from above determination is boiled to dryness in an evapo-
rating dish, stirring constantly to prevent scorching. The soap is
dissolved in boiling water and boiled to expel alcohol. The fatty
acids are precipitated with dilute acid and boiled until the liquids
are clear. Transfer to separatory funnel and extract with ether.
Wash the ether extract with concentrated Na,SO, solution until
free from mineral acidity. Distill off ether, evaporate to dryness
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by using small quantities of alcohol—filter through hot water fil-
ter and collect about 3 grams in a tared erlenmeyer. Weigh ac-
curately and determine the saponification value in the usual man-
ner. The saponification value is determined because there will
be lactones or anhydrides present that have been formed by hy-
drolysis and the acid value would not give the desired result.
Several examples are given below to show the difference between
the saponification value and acid value of these fatty acids.

Combined and Free Fatty Acids—If NH, be present in the
oil it is necessary to determine the acidity in this manner—about
10 grams of the oil accurately weighed are dissolved in 50 cc. of
95 per cent. alcohol and titrated with N/2 NaOH to end point
with phenolphthalein. The mixture is then boiled until free from
NH, (about 5 hour) cool—add N/2 NaOH again to end point
and boil again until no more NH, is evolved, cool, add sufficient
N/2 NaOH to give the end point indication. Dilute largely with
water and titrate with N/2 H,SO, to acid end point with methyl
orange. From the number of cubic centimeters of N/2 H,SO,
used (to neutralize the alkali combined as soap) is calculated the
number of milligrams KOH per gram of oil necessary to neutral-
ize the free fatty acids and those combined (originally) as soap.

If no NH, be present it is only necessary to determine the acid
value of the sample in the usual way and add to this the number
of milligrams KOH /gram corresponding to the total alkali com-
bined as soap.

This value is used to calculate the per cent. of neutral fat in the
sample as follows:—Take the saponification value of the sample,
minus the negative alkalinity, due to NH,, expressed in milli-
grams KOH/gram; from this subtract the combined and free
fatty acids, expressed in milligrams KOH/gram; divide this re-
sult by the saponification value of the fatty acids, and multiply
this result by 100. The product is the per cent. of neutral fat.

Below are given the results of the analysis of four different
samples of sulphonated oils using this method compared with the
method used by the A. L. C. A. Committee last year. The former
method is designated as “new” the latter as “old.” All deter-
minations of the new method were run in duplicate and were
check determinations while those of the old method were not.

The results for neutral fat are higher in every case by the new
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method and in spite of the great difference between the results of
the two methods I am inclined to accept those of the new method -
as correct. These results for neutral fat can be checked very
satisfactorily which is more than I can say for the “old” method.

——A—— —~——B——— —-C

—— ——D———,
Old New Old New OuMd New OId New

Moisture. - ccceeven-aans «14.34 21.29 34.65 32.34

Ash ..covvennne. Ceeeeaas 2.84 ; 403 0.05 4.56

NHj coenen ennnnannn o 0.30 0.23 0.24 0.2§ I1.37 1.23 none mnone

Unsaponifiable.......... 25.98 26.20 0.72 0.68 0.24 0.24 14.49 14.50

Total SOy.veeeevvennnnnn 3.27 4.28 4.57 1.57

SOy insalts..ccoveennn.. 0.29 0.35 0.65 0.20

Combined SOy -+ -...... 298 2.75 3.93 3.74 3.92 3.63 1.37 I.15

Sulpho-fatty acids...... 14.15 13.07 18.67 17.77 18.62 17.24 6.50 5.46

Total fatty matter....... 52.27 54.57 71.06 69.84 57.56 56.88 47.87 45.00

Neutral fat-............ 15.54 24.60 22.60 33.68 6.86 14.67 g.00 15.91
Sap. value of fatty acids.. 188.2 190.0 188.1 202.9
Acid value of fatty acids .. 162.7 165.0 172.2

These are cod oils or mixtures with this oil as the principle ingredient.
The determinations that are necessary by the new method are:
(1) Moisture and ash according to the old method.

(2) Total alkali—alkali combined as soap expressed in milli-
grams KOH/gram.

(3) Alkali with NH,—expressed in milligrams KOH /gram.

(4) Unsaponifiable and saponification value expressed in milli-
grams KOH/gram.

(5) Saponification value of mixed fatty acids.

(6) Combined SO,.

ELk TanNiNG Co. LABORATORY,

April, 1918.

THE ACIDITY OF CHROME LIQUORS.
Arthur W. Thomas, Ph. D., and Mabel E. Baldwin, M. A.

A series of careful measurements of the concentrations of hy-
drogen ion of chrome liquors and chromium sulphate solutions,
by the electrometric method, shows that the “basicity” ratio is an
inadequate and in fact misleading method of expressing the re-
action of chrome liquors. '

The increasing use of chrome tannage has made necessary more
accurate chemical control and greater knowledge concerning the
chemistry involved. Throughout the studies that have been made



THE ACIDITY OF CHROME LIQUORS 193

of the methods of analysis of chrome liquo’rs there has frequently
been felt a need of an accurate knowledge of the actual acidity of
the liquors, that is, the exact concentration of hydrogen ion, as
can be obtained only by the electrometric method. The methods
now in use which consist of titrating with standard alkali in the
presence of an indicator and which vary among themselves not in
principle but in details of manipulation all measure the “total
acidity.” By “total acidity” is meant all the acid hydrogen both
ionized and unionized while by “actual acidity” is meant only the
ionized hydrogen. Since the hydrogen ion is the active principle
of all acids and acidic properties are in direct proportion to the
concentration of hydrogen ion we should expect that wherever
the acidity of a chrome liquor has influence on its tanning power
this influence would be mathematically related not to the total acid
hydrogen but to the actual concentration of hydrogen ion. This
idea that it is “actual acidity” and not “total acidity” which func-
tions in the tanning process is not new. That it has been appre-
ciated before is seen in the mention that is now and then made of
the probability of a relationship between swelling effect and
“actual acidity.” It has not been so much a lack of realization of
the difference between the total acid hydrogen and the exact con-
centration of hydrogen ion as a lack of equipment for measuring
the difference that has hindered progress toward a better under-
standing of the relationship between the “actual acidity” and the
tanning power of chrome liquors.  Although Wood, Sand, and
Law* have made careful measurements by the electrometric
method their work has been on tan liquors and not on chrome
liquors. They compared the results thus obtained with those ob-
tained by titrating in the presence of indicators and even while
believing that the actual concentration of hydrogen ion func-
tioned in the tanning process, at the end of their paper they said,
“It still remains to interpret the results in terms of direct value
to the tanners.” ’

Because of the demand for accurate measurements of the con-
centration of hydrogen ion in chrome liquors we present the data
which follow, as the first of our series of researches on the
chemistry of chrome tanning.

* Wood, Sand, and Law, /. S. C. /., 30, 3, 872 (1911); this JOURNAL, 6,
114, 428 (1911).
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In the tables which follow are measurements of the exact con-
centrations of hydrogen ion in a chrome liquor under conditions
which were these: First, solutions were made from a stock
chrome liquor by adding water in increasing amounts so as to
give a series of dilutions. Then at a given dilution a series of
solutions were made containing definite amounts of acid and
alkali. For each solution the value of the concentration of hy-
drogen ion in moles per liter was determined. These solutions
were allowed to stand from 2 to 9 days and the concentrations of
hydrogen ion again determined. Then after from 30 to 50.days
the determinations were repeated. All these results are com-
pared with the “basicity value,” and prove the inadequacy of the
latter.

The stock chrome liquor which was used in making these solu-
tions gave by analysis 230.9 grams Cr,O, per liter and 214.6 grams
SO, per liter by the methods outlined in the Official Methods of
the American Leather Chemists Association (1917). The
‘‘basicity’’ value is then 1.076 and the formula Cr(OH),,-
(504)039-

The experiments upon the stock chrome liquor were duplicated
with pure chromium sulphate. A concentrated solution of pure
chromium sulphate was made by dissolving the crystals in water
and filtering. The most concentrated solution thus obtained con-
tained less chromium than the chrome liquor but the dilutions
were made so that corresponding solutions contained equal quan-
tities of chromium.

EFFECT OF DILUTION.

The values of the logarithms of the concentrations of hydrogen
ion in Table I and the curves B and C represent the change in
the concentration of hydrogen ion of a stock chrome liquor upon
dilution, while the change taking place in a chromium sulphate so-
lution is shown in Table I and the curves E and F.

These dilution curves have for abscissas the number of times
the original liquid was diluted and for ordinates the logarithms
of the concentrations of hydrogen ion. The values termed the
logarithms of the concentrations of hydrogen ion (Log. Cu-+)
are the negative exponents to which the number 10 must be raised
in order to express the concentration of hydrogen ion in gram
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TABLE II.

Conc. Ht Conc. H+

Log.Cy+ in moles per liter Log.Cy + in moles per liter
1.60 0.02512 3.09 0.00081
2.13 0.00741 3.17 0.00068
2.26 0.00547 3.23 , 0.00059
2.30 0.00501 3.26 0.00055
S 2.31 0.00490 3.27 0.00054
2.33 0.00468 3.30 0.00050
2.43 0.00372 3.31 0.00049
2.44 0.00363 3.32 0.00048
2.58 0.00263 3.60 0.00025
2.63 0.00234 3.61 0.00024
2.80 0.00158 4.11 0.00008

2.96 0.00110

molecules (moles) per liter. For example, the expression, Log.
Cu+ = 3.3 is identical with the expression, concentration of hy-
drogen ion = 10-33 moles per liter or 0.0005 moles per liter. As
the value, Log. Cy+, represents negative exponents the smaller

the numerical value of Log. Cy+ the larger the concentration of
hydrogen ion.
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In plotting curves of this kind it is convenient to use, not the
absolute values of the concentrations of hydrogen ion, but their
logarithms. In fact if the unit of ordinates were any absolute
quantity of hydrogen ion it would hardly be possible to represent
graphically the relation between dilution and concentration of hy-
drogen ion. If, for example, the quantity 10-* = 0.001 moles per
liter is taken as the unit of ordinates, then a change in ionic con-
centration from 10-* to 10-? would on the axis of ordinates be
equal to a change from 100 to 10 while a change from 10-* to
10-* would be equal to a change from 0.1 to 0.01. On the other
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Number of Times Diluted
FIG. 2.—THB EFFECT OF DILUTION UPON THE ACIDITY OF A

CHROMIUM SULPHATE SOLUTION.
hand, when the ionic concentrations are represented by their
logarithms a change from 10-! to 10-2 signifies a change equal to
that from 10-* to 10-°. Although it is for convenience that the
logarithmic values are used for ordinates it may be that the hy-
drogen ion enters, not with its absolute value, but with the
logarithm of its value, into the equation which expresses the re-
lation between the concentration of hydrogen ion and dilution.
From a study of these results it is evident that a change takes
place in a chrome liquor when it is diluted which is in no way in-
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dicated by the “basicity” value. —Moreover, this change is a
change in the concentration of a constituent which, according to
the consensus of opinion, is a very important factor in the tan-
ning process, namely, the hydrogen ion.

In the original stock chrome liquor (dilution number 1) the
concentration of hydrogen ion was 0.0049 moles per liter. When
this liquor was diluted 20 times (dilution number 3) and a de-
termination made immediately the concentration of hydrogen ion
was 0.0008 moles per liter. After this solution (dilution number
3) had stood for 7 days and the concentration was again deter-
mined there were 0.00055 moles per liter. Readings taken after
one week indicated practically no further change. The change in
actual acidity taking place in a chrome liquor upon dilution is,
therefore, not complete immediately after dilution but continues
throughout several days, the chrome liquor becoming gradually
less acid until finally ionic equilibrium is reached. Meanwhile
a precipitate settles out. When the original liquor was diluted
800 times (dilution number 6) the concentration of hydrogen ion
was 0.00025 moles per liter. In solutions as dilute as this equi-
librium is reached almost immediately. For each one of these
solutions the “basicity” value was found to be 1.076.

In the most concentrated chromium sulphate solution (dilu-
tion number 100) the concentration of hydrogen ion was 0.02512
moles per liter. When this solution was diluted 476 times, giving
the same concentration of chromium as solution number 6, the
concentration of hydrogen ion was, immediately upon dilution
0.00008 moles per liter, and after 9 days 0.00059 moles per liter.
These figures show that, after a chromium sulphate solution has
been diluted the acidity increases slowly until finally ionic equilib-
rium is reached. No precipitate settled out from the pure
chromium sulphate solutions. For each one of these solutions
the “basicity” value was o0.7;0. )

By comparing these figures it is evident that there is a consider-
able difference in ‘“‘actual” acidity between different dilutions of
the same chrome liquor and the “basicity” value, being the same
figure for each dilution, is inadequate for expressing this differ-
ence.



199

THE ACIDITY OF CHROME LIQUORS

€ 31 ' 2aInD) (y) € "B D 2aand (y) ‘€ Bid ‘g 3am) (;) € B4 ‘v 2and (4)
*Al 21qu], 235 1231 13d s3jowm ui uot n>801pAy Jo uo BB Uy +H “30T Jo Injua 104 o

*$308]d oM} £1UmOISND Y3 0} JO puIjsui s308[d |BUIIIIP 314} 0} PIIV[NI[LD seM anjua ,, (PIseq ,, ay) Bunjord uy Loesndoe J0q
‘sawipy %8 PAAN[IP 1 ‘ON I 1z "ON uonn[os

mw-« NW-N Nh-m mmw.o 8.0~ mv-ma g-m— ”»” " o-o (3] ”» ” ” O-WN Y 9y Y ¥y ¥y NN
91°¢ lo¢ liz 1£6-0 gg'br  StEve 98°€I w e STI, " v ss ST 4y 4y wy 9 9z
12°¢ €1t of‘z LS6°0 gv-v1 Shtzl 9g8°€1 w9 OSI . 1 9 OO0 4y 0y 4y g 4y Sz
fz't g1'¢ 4 A Sg60 go'vr  St-tol 98°€1 s ey STLI . wo S L e vz
Nﬂ.ﬂ ﬂﬂ.ﬂ 09'c ﬂ—O.n S.Wn WQ.M;W@ g.mu ”» » 0°0T -f " LA ] oS (RN L B R I ] £z
1€°¢ 9zt 6z £vo1 ge'€1  St'fog 98°€I w o STTT,, vy P e Tz
£e¢ 1£°¢ 61°¢ 9lo'1 gg'er  StEtg . o981 QOFH "33 0°Sz 4+ 'OS*H S/N 9200 + 12 "2 St 11
: ‘0 ‘0
sup of 1233u  sAep € 1ayyu AuIpsmwy  '0s 1y 1ad sy 33d a3y 1ad PAPPV PRV jo junomy pus =o_:_:az =c_.=wm
4 Hy'30'p + HD3 301  + HO'Bo’T 30%1) FO$ ‘w9 PRBZIN 'dD 07D w9
«(¥) «(£) «(z) 1) .
6¥°¢ OO.ﬂ ley zz€1 wv.nvn S-S 8”— ’ y OO ,, " T RET) oSt I TR T IR TIEY) Wﬂ
b€ pS-€ 16'€  t¥lz ggor  SPEYS 9g'€t ,, ,, Sz, e o 1w STy e S¢
g.m hv.ﬂ wﬁ.m wﬂﬂ.m xﬂ.mn WQ.NO% 8.m~ " 3] O.W.— 1] ”" " " O°OL 44 4y 4y 1y 9 Avﬁ
Le-€ 6¢°¢ 1§°¢ 13481 goTI WV.MOO @Wﬂn »w oy OOT,, " (DY) 05 s e £€
Se-t Se-¢ (1 oI1'r ghzr Sv€zg 9g°'€1 »w o STT,, ' R X 2, et
£e-¢ 1£°€ 61°¢ 9lo’1 g88z1  Shthg 98't1 Q*H 92 0°Sz - HO®BN S/N '990°0 + 1z "3 Sz I
s&up o8 13)u sAupz 1ayu LpPupawwr _fos 19y 1ad 1y .“oa 9311 13d P3PPV EY]V JO junowy pus =o==:wuz =o=ﬂWw
.,.wvmu.uo._ .&:F&S ..&» Hjy 80 :woru ¥0s ‘w9 pRUZ/N 'ID FOHD WY

qonby] amoiy) o018
IIVN'IY ANV dIDV d¥aay 40 IDFIIF—°II1 A'1dV.L



200 LEATHER CHEMISTS ASSOCIATION

EFFECT oF ADDED ACID AND ALKALL

The values of the logarithms of the concentrations of hydrogen
ion in Table III and the Curves B, C, and D, represent the change
in concentration of hydrogen ion taking place in a stock chrome
liquor when increasing amounts of acid and alkali are added. In
Table V and the Curves F, G, and H, are the results of the dupli-
cate experiments upon chromium sulphate.

TABLE IV.
+ +
Log. Cy+ in mgl(;n;e:l liter Log. Cy+ in nsgl:cb:' liter

1.72 0.01906 . 3.27 0.00054
2.17 0.00676 3.31 0.00049
2.30 0.00501 3.33 0.00047
2.44 0.00363 3.35 0.00045
2.51 0.00309 3.37 0.00043
2.60 0.002§1 3.39 0.00041
2.89 0.00129 3.44 0.00036
2.92 0.00120 3.45 0.00035
3.07 0.00085 3.47 0.00034
3.13 0.00074 3.49 0.00032
3.16 0.00069 3.51 0.0003 1
3.18 0.00066 3.54 0.00029
3.19 0.00065 3.60 0.00025
3.21 0.00062 3.68 0.00021
3.23 0.00059 3.67 0.00011
3.26 0.0c055§ 4.27 0.00005
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FIG. 3.—THE EFFECT OF ADDED ACID AND ALKALI UPON THE ACIDITY
OF CHROME LIQUORS.
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TABLE VI.

Log. Cy+ in mgﬁn&:{l;er Log. Cy+ in :gglneci)g ;i-ter
1.31 0.04898 2.58 0.00263
1.54 ’ 0.02884 2.63 0.00234
1.66 0.02188 2.64 0.00229
1.69 0.02042 2.69 0.00204
1.88 0.01319 2.72 0.0019I
1.93 0.0117§ 2.75 0.00178
2.05 0.00891 2.77 0.00170
2.15 0.00708 2.82 0.00151
2.16 0.00692 2.86 0.00138
2.18 0.00661 2.89 0.00129
2.31 0.00490 3.04 0.00091
2.33 0.00468 3.60 0.00025
2.36 0.00437 3.92 0.00012
2.42 0.00380 4.15 0.00007
2.43 0.00372 4.29 0.00005
2.50 0.00316 4.38 0.00004

2.51 0.00309

‘thm of The tration of Hydrogen Ion (F,G,H)
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FIG. 4.—THE BFFECT OF ADDED ACID AND ALKALI UPON THE ACIDITY
OF A CHROMIUM SULPHATE SOLUTION.

When the stock chrome liquor was diluted with standard
alkali and water so as to contain 15 cc. N/5 NaOH in 50 cc. of
solution, dilution number 11, and the hydrogen ion concentration
determined immediately there were 0.00005 moles per liter. The
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“actual” acidity of this solution increased slowly, while standing,
until, after 50 days, ionic equilibrium was reached at a concentra-
tion of 0.00032 moles per liter. When 25 cc. N/5 H,SO, were
contained in 50 cc. of chrome liquor, dilution number 11, and the
concentration of hydrogen ion determined immediately there were
0.01906 moles per liter. The “actual” acidity of this solution
finally reached equilibrium at 0.00129 moles per liter.

In the case of pure chromium sulphate the behavior is similar.
When 15 cc. N/5 NaOH were contained in 50 cc. of chromium
sulphate solution, dilution number 111, the hydrogen ion concen-
tration, when determined immediately, was 0.00004 moles per liter.
After standing 50 days this became 0.0017 moles per liter. When
25 cc. N/5 H,SO, were contained in 50 cc. of chromium sulphate
solution, dilution number 111, the hydrogen ion concentration
when determined immediately, was 0.04898 moles per liter, while
after 50 days it was 0.02042.

In these solutions the “basicity” value varied regularly with
the amount of acid or alkali added, but here likewise it is not
a measure of the ‘“actual” hydrogen ion concentration. More-
over it is the same value whether determined immediately or after
several days whereas the concentration of hydrogen ion is de-
cidedly different.

The changes in “actual” acidity which the electrometric method
has shown take place in a chrome liquor, upon dilution, and while
standing after the addition of acid or alkali, are of such magni-
tude as to prove that the “basicity” value is too inadequate and
misleading to be used as the only criterion of the tanning power
of a chrome liquor and that accurate chemical control can be
attained only after determinations of “actual” acidity have been
made an essential part of the method of control.

We are indebted to Messrs. A. F. Gallun and Sons, of Mil-
waukee, for their generous support of this research, and to Mr.
John Arthur Wilson for his helpful suggestions.

LaBorATORY OF CoLLOID CHEMISTRY,
Havemeyer Hall, Columbia University,
New York City. April, 1918.
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NOTES ON THE PROCTER-HIRST TEST FOR
SULPHITE-CELLULOSE.

The following communication has been received by the editor.

Dear Sir:—

Some doubt has been occasioned in our minds, by the results
obtained from the so-called Procter-Hirst test for sulphite-cel-
lulose in the presence of natural tannins; it having been assumed
by most leather ehemists that the aniline-hydrochloric acid test is
one which indicates, if positive, the presence of the sulphite-cel-
lulose products.

Below you will find a tabulated statement, as to the actual re-
sults obtained by following the Procter-Hirst test on various
materials : :

Sumac extract (filtered).........co.ciiiiiinn No precipitate
Solid ordinary quebracho extract (filtered)...... No precipitate
Treated quebracho. ccoovnvneneiviiaiiiiiiinn, Slight precipitate
Chestnut extract No. 1 (filtered) ............... No precipitate
Chestnut extract No. 2. cccovveeees covevnnnnnns No precipitate
Spruce extract «.cceieiiitiiiiiiiiiiiiieiinen Precipitate
Liquid muskegon extract (filtered) .......... ... Precipitate
Powdered muskegon extract (filtered)......---- Precipitate

A sulphoacid ¢eeveeieniiiiiiiiiian, Precipitate
Neradol {

Bsulphoacid «.vvoevevnnnnnninianann, Precipitate
Hemlock extract (filtered).......coovveennenen, No precipitate
Oak extract (filtered) .... ...cocovieiainaa.n. No precipitate
Sulphite-cellulose liquor, specially treated...... Precipitate

The only one that seemed in doubt, although it showed the
characteristic tendencies to a slight degree, was the treated
quebracho, which we have no doubt was sulphited. The reaction
in this instance was very slight.

While the writers do not propose to state that lignones gener-
ally do not react to the Procter-Hirst test, it would seem apparent
that this reaction was due to the presence of the SO, radicle in an
organic complex, and does not make a differentiation between
the organic bases.

We purpose to make further investigations along the lines of
determining the actual cause of this reaction, if possible, but at
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the present we believe that naturally produced tannins do not re-
act to the Procter-Hirst test, whereas practically all the products
having the SO, radicle attached, do show this reaction.

Yours very truly,
Joun H. Yocuwm,
EwMIL S. NELSON.

THE NOMENCLATURE USED IN COLLOID CHEMISTRY.
A PLEA FOR REFORM.*

Colloid chemistry is no longer considered as a mere collection
of mysterious\ substances and ‘“‘abnormal” reactions. It is an
important branch of chemical and physical science possessing a
fairly well established working basis and is rapidly acquiring new
students.

It suffers, however, like all virgin sciences, the affliction of su-
perfluity of terms used to describe essentially the same things,
careless and loose use of some expressions, and confusion of
nomenclature in general. This condition results in a great handi-
cap to new students. It is very difficult for them to acquire clear
conceptions from their first readings of the various works on the
subject. :

It is time that this matter be taken in hand by some commniittee
of our Chemical Society for the purpose of removing this need-
less handicap and confusion by defining the various terms used
in colloid science, eliminating unnecessary ones and by standard-
ization of the terminology in general, just as was done with the
terminology of the proteins by the biological chemists some years
ago.

The paragraphs which follow attempt to point out some of the
cases of malusage of terms.

No objection can be raised against the word ‘“colloid.” It is
distinctive, but the use of the expression “colloidal solution” is to
be strongly condemned, since it is so evident that substances in
the colloidal condition are not dissolved, in the strict sense of the
term. Colloidal particles are in a condition midway between so-
~ lution and mechanical suspension, and they are held in this pecu-
* Science, N. S., Vol. XLVII., No. 1201, p. 10-14, January 4, 1918.
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liar state of dispersion by virtue of their surface energy, electri-
cal charge, their kinetic energy as manifested by the Brownian
movement, and the adsorbed ions of electrolytes which are es-
sential to the stability of all colloids.

The general term “dispersion,” as suggested by Wo. Ostwald,
is to be preferred to the special term “solution,” e. g.,

“Mechanical suspensions” are coarse dispersions,

“Colloidal solutions” are colloidal dispersions, and

“True solutions” are molecular dispersions.

The particles, or “internal phase” of these systems are known
as the “dispersed phase,” and the liquid in which they are dis-
persed, the external phase, is known as the “dispersion medium.”

The present usage of the word “sol” and of its modifications—
“hydrosol,” “alcosol,” etc., to describe a colloidal dispersion, is the
same as that of Graham, their originator. I have noticed, how-
ever, that the word “sol” has been used by a few writers in the
sense of the dispersed phase, . e., the particles in colloidal disper-
sion.. Is this use of the term to be permitted? Graham invented
it as a short and convenient substitute for colloidal “solution”
and a perusal of the works by Bechhold, Cassuto, Freundlich,
Hatchek, Ostwald, Taylor and Zsigmondy shows that the original
sense of the expression has been retained by these writers.

The use of the term “gel,” however, and of its modifications,
“hydrogel,” ‘“‘alcogel,” etc., is deplorably loose and confusing.
This term was coined by Graham! and first used by him in dis-
cussing the “pectization” or coagulation of the hydrosol of silicic
acid. Therefore, if we are to limit the use of “gel” to its original
sense, we should use it only when speaking of the definite coagula
of sols. This is not the case, however. Any substance which
resembles a jelly in appearance is called “gel,” although in chemi-
cal and physical properties it may be entirely different from the
kind of matter which Graham had in mind when he invented the
term. This use of the expression is exceedingly popular and
would be very difficult to overcome.

Let us take up a case or two to show how unscientific this latter
usage of the term is. For example, consider the dissolution or
dispersion of gelatine in hot water. It forms a very mobile “so-
lution” or rather dispersion, and in this form is called a hydrosol

! Proc. Roy. Soc., 13, 337 (1864).
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or sol. If this hydrosol be allowed to cool, it becomes very
viscous and “sets” to a jelly-like mass. In this stiffened form it is
popularly known as a “hydrogel” or “gel.” If it be warmed again
its viscosity decreases, it becomes mobile and is called a “sol.”
Now if this use of the term “gel” (which is not as Graham in-
tended) is to be permitted, then what is the line of demarcation
between the sol and gel states? A change in state has occurred,
it is true, for in the sol condition the water was the external
phase whereas in the so-called gel state the gelatine became the
external phase and the water internal. The change is very
gradual, however, and our change of terms to suit the change in
appearance of the system is exceedingly arbitrary and unscientific.
Furthermore no chemical change in the nature of the gelatine has
taken place.

If some alum or a trace of mercuric chloride be added to the
gelatin hydrosol, a coagulum is obtaiped which is correctly
termed a gel according to Graham. lenis is a coagulated com-
~ pound, however, a chemical reaction has taken place. It will not
redissolve in water and is, therefore, entirely different from the
case discussed above, which is also commonly called gel.

To further complicate matters, the dry pieces of gelatine (and
in fact any other colloid which will “dissolve” readily) which
were used to make the original sol are also quite commonly called
“gel.” Lottermoser called attention to this several years ago and
suggested that such pieces of gelatine, or of any other dry
“soluble” colloid be called “solid sol.” This suggestion is obvi-
ously bad. Why apply any special term at all?

When a hydrous ferric oxide sol is allowed to evaporate spon-
taneously, it will go through a jelly-like stage and finally become
a hard scaly residue when all or nearly all of the water has left
it. 'The jelly-like form will redisperse when warmed with an ex-
cess of water, while the amorphous form will not. Yet both
forms are called “gel!” Zsigmondy distinguishes between these
two different forms by calling the first one “hydrogel” and the
second, “gel.”

A review of the texts on colloidal chemistry shows the follow-
ing conceptions of this term.

Cassuto? calls a gel the gelatinous precipitate obtained from a

2 “Die Kolloide Zustand der Materie.”
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sol by means of an electrolyte, heat or evaporation; i.e., a gel is
formed by coagulation of a sol. He calls stiffened sols (or jel-
lies), “gelatines.” . ’

Bechhold® remarks the loose use of the word “gel” and states
that he restricts it to the description of the coagula from sols. To
the stiffened sols or jellies he applies the term “Gallerte,” which in
English might be called “jelly.”

Freundlich* says that systems of solid dispersion media and
liquid dispersed phase are gels as distinguished from the reverse
which are suspensions or emulsions. In other words he applies
the word “gel” to jellies.

Hatschek® refers to the fact that Graham applied the name
“gels” to the products obtained by the coagulation of sols, but
later on in his book he calls jellies, gels also.

Ostwald in his “Handbook of Colloid Chemistry,” considers all
colloids as gels when the system becomes “microscopically
heterogeneous.” That is to say, he applies the term promiscu-
ously.

Taylor® uses “gel” in the same loose general manner as Ost-
wald, Hatschek and Freundlich.

Zsigmondy in his “Kolloidchemie,” limits the word “gel” to the
dry residue which will not redisperse in a solvent, but he applies
“hydrogel” to the jelly-like mass formed by removal of the dis-
persion medium or by salt coagulation.

Hardy” recognized the difference in properties of substances
called “gels” and he qualified the term—"gels by coagulation”
and “gels by stiffening.”

I feel confident that Graham did not apply this term as loosely
as is popular at the present time. In his remarks on the proper-
ties of colloidal tungstic acid® he says: “It is remarkable that
the purified acid is not pectized by acids or salts even at the boil-
ing temperature. Evaporated to dryness, it forms vitreous scales,
like gum or gelatine.” Note that he describes the dry residue as
“scales, like gum or gelatine” and not as gel.

3 “Kolloide in Biologie und Medizin.”

¢ “Kapillarchemie.”

8 ““Introduction to the Physics and Chemistry of Colloids."’
¢ “‘Chemistry of Colloids.’’

T Z. physik. Chem., 33, 326; 385 (1900).

8 L. c., p. 340.
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It is evident, then, that the original meaning of the term gel
has not been adhered to and in fact is more often applied to the .
state best described as jellies. Shall we adhere to Graham’s def-
inition or shall we discard it, restricting the term gel and its
modifications to jellies, as popularity favors, and do away with
any special terms to describe coagula from sols by electrolytes,
or residues formed by evaporation to dryness? Special terms to
describe these last two cases are obviously unnecessary and serve
only to encumber colloid chemistry.

Lately the word “peptization” or “peptinization,” as originated
by Graham, has shown tendencies of wider use than formerly.
Graham used this expression to describe the formation of a sol
from a gel by the influence of a small amount of foreign reagent
as, for example, the formation of a hydrous ferric oxide sol from
a coagulum of ferric hydroxide by treatment with a small amount
of hydrochloric acid or ferric chloride. He named it “peptiza-
tion”’ because it resembled the hydrolysis of egg white to peptone
by acid.

Cassuto, Hatschek, von Weimarn and Zsigmondy preserve the
original sense of this term. Bancroft® has recently proposed,
however, that we use peptization to describe all cases of trans-
formation of gel (using this term in the present popular sense)
to sol and not restrict it merely to cases where a foreign electrolyte
has been added to accomplish the change; e.g., when dry gela-
tine is “dissolved” in water Bancroft would call it a case of gela-
tine being peptized by water. This usage has its merits because
it eliminates the word “dissolve” and the implication of “solu-
tion.” '

Ostwald defines peptization as the phenomenon opposed to
coagulation.

Taylor prefers a new term, “solation,” which he applies to all
cases of gel »— sol transformations, and incidentally he urges the
adoption of ‘‘gelation’’ to define all cases of sol »— gel transforma-
tions instead of coagulation or pectization.

“Pectization,” another of Graham'’s terms, is rapidly dying out.
The word “coagulation” covers all cases of pectization and there-
fore why preserve an unnecessary term? Furthermore, why
adopt the new term “gelation” proposed by Taylor. “Coagula-

® J. Phys. Chem., 20, 85-117 (1916).
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tion” is adequate. Of course, if it is decided to name jellies
(stiffened sols) “gels,” then the word “gelation” would be a good
one to describe the “setting” of the gel or the stiffening of the sol.

Elimination of some synonymous terms is decidedly necessary
from the list of names applied to the two more or less distinct
classes or systems of colloid dispersions. For example, these two
systems are variously named as follows:

The terms ‘“emulsoid” and “suspensoid” are very popular.
“Lyophilic” and “lyophobic” are very expressive. The “stable-
unstable” and the ‘“reversible-irreversible” terms should be
abolished, since they describe the conduct and changes in state of
colloids when subjected to external conditions and are not al-
ways sharply defined. For example, hydrous ferric oxide sol is
fairly stable in the presence of neutral electrolyte (much more so
than colloidal gold or platinum), while it is irreversible when
evaporated to dryness. Most writers classify it with the suspens-
oids, although Taylor calls it an emulsoid (since if it be evapo-
rated not quite to dryness it is partially reversible). In reality it
belongs to neither of these two generally accepted classes; its
properties place it midway between the two, nearer the suspensoid
than the emulsoid class: All the hydrous oxides of the basic or
acidic elements act similar to hydrous ferric oxide. '

On account of this confusion of classification Bancroft* has
suggested that the distinction between these two groups be done

Authors
Noyes¥® ., . . ... ... ..... Colloidal solutions Colloidal suspensions
Hardy,! Zsigmondy? . . . . . . Reversible colloids  Irreversible colloids
Billitzerts . . .. ... .. . . Baser colloids Typical or genuine colloids

P e Hydrophilous colloids Anhydrophilous colloids

Henri%. . . ..., ....... Stable colloids Unstable colloids
Perrin, Freundlich,!* Neumann'¢ Lyophilic colloids Lyophobic colloids
Bary? . .. .. ... ... Dissolving colloids  Electrical colloids
Wo. Ostwald!® . . . . ... ... Emulsion colloids Suspension colloids
von Weimarn®®. . . . . ... .. Emulsoids Suspensoids
Burton® . . .. ... ...... Gelatinizing type Non-gelatinizing type

away with. He prefers to classify colloidal systems according
as to whether water or the more mobile phase, is the internal or
the external phase and states: ‘“While we are reasonably sure
that colloidal gold is a solid and that colloidal oil is a liquid, the
two behave exactly alike when both are suspended electrically.”
This suggestion is along the proper lines, but is too sweeping,
since colloidal gold and colloidal oil do not behave alike.
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After a consideration of all the terms, it would seem that
“lyophilic” and “lyophobic,” or their more special derivatives,
“hydrophobic” are the least objectionable terms, since most col-
loids answer to one of these designations. When our knowledge
of colloids becomes exact enough to sharply differentiate between
these two classes then we may find names for those systems
which now seem to have properties which place ‘hem in neither
of the above.

Before concluding, attention is directed to the irritating, al-
though not very serious, mistake in the.translations of the Ger-
man terms “disperse” and “dispersions Mittel” by some authors.
The German adjective “disperse” is “dispersed” in English, not
“disperse,” and “disperse Phase” is ‘“‘dispersed phase,” while
“dispersions Mittel” is “dispersion medium” and not “dispersion
means.” These mistakes are like the old one of translating
“Wanderung der Ionen” “wandering of the ions” instead of
“migration of ions.”

ARrTHUR W. THOMAS,
Department of Chemistry.
Columbia University.

0 7. Am. Chem. Soc., 27, 85 {1905).
" Proc. Roy. Soc., 66, 95 (1900).

1* ©Kolloidchemie.”’

W Z. physik. Chem., 45, 307 (1903).
W Z. physik. Chem., 51, 29 (1905).
13 “*Kapillarchemie.”’ /

16 Koll. Z., 3, 80 (1908).
17 J. Chim. Phys., 10, 437 (1912).

18 **Handbook of Colloid Chemistry.”

19 “‘Grundziige der Dispersoidchemie.”

* “‘Physical Properties of Colloidal Solutions.”
2 7. Phys. Chem., 18, 549-558 (1914).

\
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ABSTRACTS.

Outline of Colloid Chemistry, II. W. D. BANCROFT. Jour. Franklin
Inst., 188, 199-230 (1918); cf. this J., 13, 125 (1918). Part II of this
paper is divided into thirteen parts and contains 146 references.

Adsorption from Solution by Solid—In contact with a solution, a
solid may adsorb the solvent and solute to different extents. This selective
adsorption is exhibited by filter paper, which adsorbs numerous dissolved
substances to a greater extent than it does water, so that dilute solutions
of such substances as barium and calcium hydroxides should not be
filtered if they are to be used in quantitative work.

The usual method for determining adsorption is to shake a known
solution with a weighed amount of adsorbing solid, pipette off some of
the supernatant liquid, analyze, and calculate the amount of adsorption
from the decrease in concentration. Results by this method will be too
low, if any of the solvent is adsorbed by the solid. Leighton tried to
avoid this error, in his work on the adsorption of electrolytes by cotton,
by centrifuging and then analyzing the cotton; but this method will give
too high results unless all the unadsorbed solution is removed. With a
solution of 200 grams NaOH per liter, Leighton found an adsorption of
0.27 gram NaOH per gram of cotton by the titration method and of
0.75 gram by his own gravimetric metholl, the true adsorption lying
between these values.

Osaka’s experiments on the adsorption of potassium and sodium salts
by blood charcoal show that when allowance is made for the adsorbed
water, adsorption is found to decrease in the order

I> NO; > Br > Cl > SO,
the potassium salts being more strongly adsorbed than the corresponding
salts of sodium. The selective nature of adsorption is shown by the
fact that barium sulphate carries down large amounts of barium nitrate
and only small quantities of barium chloride.

The Adsorption Isctherm.—An approximately quantitative expression

for adsorption from solution is given by the equation
(xm)m = kc

where r is the amount of solute adsorbed by m units of the solid adsorb-
ing agent, ¢ is the concentration of the solution and n is a constant, not
necessarily an integer, though experimentally never less than unity.
Other formulas have been proposed or discussed by Freundlich, McBain,
Schmidt, Georgievics, and others, but no formula is strictly accurate, and
the simplest one seems best for the time being. If the curves really bend
round parallel to the axis of ordinate, the simple formula is necessarily
wrong.

Abnormal Adsorption.—Changes of adsorption have been observed in
a number of cases due to flocculation or coarsening of the adsorbing
medium. In the adsorption by silver iodide of dissolved potassium iodide,
it has been noted that for concentrations up to about N/3oo the expo-
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nential formula holds fairly well, but beyond this concentration the amount
of adsorption actually decreases, the silver iodide becoming denser and
more granular and showing signs of crystallization. On the other hand,
silver nitrate is adsorbed by silver iodide without producing this change
within the concentrations studied.

Osaka found that NaNOQ, KBr, KI, and KNO;s are adsorbed posi-
tively by blood charcoal, while NaCl, Na,SO,, and K.SO are apparently
adsorbed negatively, the solutions becoming more concentrated after being
shaken with charcoal. Mathieu observed negative adsorption with a
number of dilute solutions when adsorbed by capillary tubes. With
normal solutions the concentrations in the capillary tubes were often
only tenth-normal. The difference in concentration increases with de-
creasing radius of the capillary tubes and Mathieu considers it quite
possible that with very fine tubes water alone would be adsorbed, a
conclusion of distinct importance for the theory of semi-permeable mem-
branes. It is clear that we get osmotic phenomena in two distinct ways
depending upon whether we have a continuous film or a porous one. In
the case of a continuous film it is essential that the solvent shall dissolve
in the membrane and the solute shall not. With a porous film we get
osmotic phenomena only in case the pore walls adsorb the pure solvent,
and the diameter of the pores is so small that the adsorbed film of pure
solvent fills the pores completely. Under these circumstances the dis-
solved substance cannot pass through the membrane unless adsorbed by
the latter. :

Reversibility of Equilibrium.—While the adsorption equilibrium is
theoretically a reversible one, there are conditions under which there may
be apparent or actual irreversibility. If charcoal takes a dye out of solu-
tion to such an extent as practically to decolorize the solution, no amount
of washing with water will give a colored solution, even though dye is
being taken out all the time. In this case the adsorption is strictly
reversible, the difiiculty lying in the interpretation of the results.

Specificity of Adsorption—Adsorption is specific, the amount of
adsorption varying with the nature of the adsorbing agent, the liquid,
and the substance adsorbed. Charcoal and ferric oxide adsorb benzoic
acid about ten times as strongly as acetic acid, while chromium oxide
adsorbs the two acids about equally and platinum black adsorbs acetic
acid a little, but benzoic acid practically not at all. Salts seem to show
distinct adsorption for their own ions. Thus silver bromide adsorbs
silver nitrate or potassium bromide, but not potassium nitrate. Charcoal
adsorbs both acid and basic dyes; alumina readily takes up acid but not
basic dyes; silica and tannin adsorb basic more readily than acid dyes.
Wool adsorbs many dyes strongly without a mordant, hut cotton rela-
tively few.

In general an ion of higher valence is adsorbed more strongly than
one of lower valence, but this is not invariably the case. lons of the
same valence may be adsorbed to quite different extents. Davis found
that not only does charcoal adsorb iodine from ditferent solvents to
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different extents, but the order of effectiveness for the solvents is not the
same for different kinds of charcoal. At least two factors govern this
effect of the solvent: the extent of adsorption of the solvent by the
adsorbing agent and the solubility of the dissolved substance in the solvent,
the greater the solubility of the substance, the less is adsorbed. In gen-
eral the amount of adsorption is also decreased by rise of temperature.
Adsorption of Several Solutes.—\Vhere two dissolved substances are
present, it is usual to find that they will be adsorbed to different extents
and that neither will be adsorbed to the same extent as when present
alone. A substance which is more strongly adsorbed will usually displace
one less strongly adsorbed.

-~

Chemical Action.—Selective adsorption connotes the possibility of
chemical decomposition as a result of adsorption. A neutral salt solu-
tion will become acid, if shaken with a solid which adsorbs the base more
strongly than the acid, alkaline if the acid is more strongly adsorbed
than the base, but will remain neutral if the extent of adsorption of acid
and base is the same, which is due to the fact that all salts are hydrolyzed
in aqueous solution to some extent, however small. An anion is more
readily adsorbed in the presence of a readily adsorbed cation and a cation
in the presence of a readily adsorbed anion. An acid dye will be taken
up more readily in an acid than in a neutral solution and will be taken
up least in alkaline solution. With basic dyes the reverse is true.. Sub-
stances which poison catalysts are probably so strongly adsorbed by the
catalysts that they prevent the adsorption of the reacting substances.

Adsorption from Solution by Liguid.—This is complicated by the pos-
sibility of the solute dissolving in the adsorbing liquid. Chloroform
adsorbs hydroxyl ions from alkaline solutions, which accounts for the
wetting of drops of chloroform by an alkaline solution.

Adsorption and Surface Tension.—The surface tension at a liquid-
vapor surface is altered by dissolving a substance in the liquid, cither
increasing or decreasing. Since different solutions of the same density
do not have the same surface tension, a hydrometer graduated for sul-
phuric acid solutions will not be accurate for hydrochloric acid solutions
because the amounts of solution which will rise up the stem depend upon
the surface tensions which are not the same in both cases. Changes in
surface tension are accompanied by changes in concentration, the surface
film of solution having a different concentration from the remaining
mass, the rule being that the concentration in the surface film tends to
change so as to decrease surface tension. Conditions at equilibrium are
expressed mathematically by the equation

' =— T’L -
where a is the interfacial tension, # the chemical potential of the dis-
solved substance in the aqueous phase, and I' the mass of solute per unit
area of interface (unspecified thickness) in excess of that corresponding
to the concentration in the mass of the solution. This equation applies
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only to a substance really in solution, a point which is apt to be over-
looked in papers on colloids. Such substances as soap, saponine, and
gelatin are probably not soluble in water to any appreciable extent, but
form colloidal solutions with surface tensions lower than that of pure
water. In these cases the concentration of the added substance will be
greater in the surface film than in the bulk of solution, but the Gibbs
formula will not apply. As a matter of fact, the adsorptions in the sur-
face are twenty to one hundred times those calculated from the formula
with sodium glychocholate, Congo red, methyl orange, and sodium oleate.

From the fact that the lowering of the surface tension is accompanied
by an increase in the concentration of the surface film of a true solution,
Freundlich draws the conclusion that this is true in all cases, and that
if a dissolved substance lowers the surface between the solid and the
solution—whatever one may mean by that—the dissolved substance is
adsorbed; conversely, that the dissolved substance is adsorbed only in
case it lowers the surface tension at the interface. The conclusion may
or may not be right, but the logic is faulty, because the two cases are
not parallel. ‘The Gibbs relation holds for a true solution, where the
difference of concentration is entirely inside the solution phase. Freund-
lich is extending the relation to a heterogeneous system in which the
adsorbed substance is presumably on the outer surface of the solid and
by definition cannot diffuse into it, because we should then have a solid
solution. It is very difficult to prove or disprove Freundlich’s conclusion
experimentally, but it is a great pity to have people believe, as many now
do, that the generalization is based upon sound thermodynamics.

Brownian Movement.—The more finely divided a solid is, the more
slowly will it sink to the bottom of a liquid, but extremely finely divided
bodies apparently will not settle out in any finite length of time. Micro-
scopic observations reveal that very small particles of any solid suspended
in water exhibit irregular motions remarkably like those of bacteria.
The view is taken that Brownian movements are due to the incessant
bombardment by the molecules of the liquid; that the Brownian move-
ments tend to make finely divided, suspended particles distribute them-
selves throughout the liquid; that the uniform distribution is affected by
the force of gravity as in the case of a gas; and that the Brownian
movements, though causing diffusion, give rise to no appreciable osmotic
pressure. If enough of the particles coalesce, the force of gravity may
cause the resulting mass to settle out.

Coalescence of Liquids.—Since two small drops of a pure liquid
readily run together to form a larger drop, it is concluded that the larger
drop is more stable than the two smaller ones. \Ve should, therefore,
expect small drops to distill over to, and condense upon, a larger drop,
which is equivalent to saying that the greater the curvature of the drop,
the higher its vapor pressure.

Coalescence of Solids—Although not so apparent, the rule noted
above for the coalescence of liquids applies also to solids. When enclosed
in a container for a long time, very small crystals have been found to
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have been replaced by larger ones. A substance is more soluble, if
extremely finely divided than when coarser. Two parts of a broken plate
do not coalesce when pressed together because a film of condensed air
prevents actual contact. Two pieces of platinum, however, may be welded
together at a temperature far below the melting point.

Plasticity.—A plastic substance is one which can be moulded by pres-
sure, which connotes that any break due to deformation is self-healing.
A mobile liquid is not plastic because it will not retain its shape, but with
increasing viscosity a liquid becomes plastic. In mixtures of solid and
liquid, as the concentration of solid increases, there is a change from
viscous flow to plastic flow. Bingham makes the distinction that with
viscous flow, any shearing force, however small, will produce permanent
deformation, whereas in the case of plastic flow, it is necessary to use a
force of finite magnitude in order to produce a permanent deformation.
It is reasonable to assume that zero fluidity corresponds to the point when
liquid enough is present just to scatter the particles; i. ¢.,, when enough
liquid is added to fill the voids. J. AW,

The Sulphonation of Fixed Oils. L. G. RADCLIFFE and S. MEDOFSKI.
Jour. Sociely of Dyers and Colorésts. Feb. 1918. The paper opens with
a brief historical survey of Turkey red oils, their production, methods
employed and uses; and a resumé of the various theories advanced as to
the constitution of sulphonated oils, also extensive references to bibli-
ography pertaining to all phases of the subject.

Radcliffe and Medofski studied the effect of sulphonation on various
oils. The specific gravity, saponification value, acid value and iodine value
were first obtained on the fixed oil. The fatty acids were then obtained
by saponifying with alcoholic soda, dissolving the soap in boiling water,
boiling off the alcohol,rand liberating the fatty acids by the addition of
HCl. The fatty acids were then washed with hot water to remove
mineral acidity and the following constants of the resulting acids were
determined: Solidification point (by titer test), iodine value, neutraliza-
tion value from which the mean molecular weight of the acids was cal-
culated, and the acetyl value.

The oils were sulphonated with different quantities of concentrated
H.SO,, usually 100 grams of the oil with 35, 50 and 75 grams H.SO..
The oil was contained in a jar surrounded by ice water, the temperature in
the experiments not being allowed to exceed 15° C. The H.SO, was
added drop by drop from a separating funnel and the mixture was kept
agitated by an electrically driven stirrer. After all of the acid had been
added the mixes were stirred 2 hours longer, after which the jars were
corked and allowed to stand for some hours. The products were then
washed with a saturated solution of Na.SO: to remove excess of H,SO..
Finally the oils were heated in a water oven until they became clear. In
some case, notably with sulphonated rape and linseed oils, this part of
the treatment had to be eliminated because of charring and decomposition.
The fatty acids were then prepared from the various sulphonated oils in
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the manner described above. The following constants were determined
on these fatty acids: titer value, iodine value, neutralization value,
saponification value and acetyl value.

The data for the various oils is tabulated and that of the fatty acids
from the original oils and of those from the sulphonated oils are com-
pared and interpreted as follows: An increase in the temperature of
solidification and a corresponding decrease in the iodine value, which in
most cases is very marked, shows that the H.SO. has caused the forma-
tion of saturated solid compounds. The increase in the acetyl value indi-
cates the formation of hydroxy compounds while the marked difference
between the saponification value and the neutralization value of the fatty
acids from the sulphonated oils shows the presence of lactones or anhy-
drides. Sesamé oil, cottonseed and olive oils, oleic acid, rape, whale,
castor and linseed oils were studied in this manner.

The authors then studied the “power of oils to combine with H.SO.”
About 5 grams of oil are accurately weighed into a small flask and a
known quantity of concentrated H.SO, is added under their conditions
for sulphonation. After standing for 2 hours the mix is titrated with
standard alkali. The acid values of the H.SO, and of the oils and acids
used are obtained and the difference between the number of milligrams
of KOH, which would be required if no combination had taken place
and that actually found, per gram of oil or acid taken gives a measure
of the combining power of the oil with HySO. and is called the sulphona-
tion number. They find that the combining power of oleic acid is greatest
and decreases for oils with decrease in per cent. of oleic acid contained
in the oils, while palmitic and stearic acids have the lowest values which
are almost nil. They give rape oil as an exception, its “combining power”
is high and its oleic acid content very low.

From these results, the acetyl value of the regenerated fatty acids and
the iodine value of the original fatty acids of the various oils, the authors
conclude that “the ease with which the H.SO, acts upon oils and fatty
acids depends not upon the ‘degree of unsaturation’ but upon the per cent.
of olein or oleic acid present; also that the saturated acids have no action
with H.SO..” As further proof of the latter statement pure tripalmitin
was prepared and sulphonated in the usual manner when the palmitin
appears to be regenerated unchanged. The very small decrease in titer
test and a small increase in acid value showed that a cerfain amount of
saponification had taken place. Pure myristic acid was also sulphonated
with the same result.

An unsuccessful attempt to sulphonate Chinese wood oil (Tung oil)
is recorded, also an attempt to prepare pure linoleic acid.

The authors summarize with their theory of sulphonation of oils as
follows: “The data obtained show that the most easily sulphonated oils
are those containing olein or oleic, and that the products of the reaction
after saponification contain lactones or anhydrides and hydroxy acids.

“In the case of highly unsaturated oils, such as linseed oil, the action
of H.SO, is probably either to form unstable addition products (sulpho
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compounds) or to cause polymerization, the polymers also being easily
broken down. ’

“With all of the oils, the H.SO, acts to some extent (the amount is
small at the low temperature employed in the sulphonations) as a saponi-
fier, the glycerine being found in the mix, either in the free state or

combined with the H.SO, as sulpho-glycerine compounds.”
G. W. S

The Indian Hide and Leather Trade. SIR HENRY LEDGARD, /. R. S. 4.,

. March 8, 1018. The author in a very comprehensive article describes the

state of the trade. On the hide situation he speaks of the inferiority of

the Indian oxhide, due to their heavy brands and cuts, and the hard work
they must do.

When an animal is killed, or dies, immediate treatment to preserve
the hide is necessary. In the central parts of India, the Bombay Presi-
dency, the United Provinces, the Punjab and Sind, where a dry climate
prevails, the hides are usually what is termed arsenicated, 1. e., they are
cleaned of flesh, fat, etc.,, and sun or shade dried. Before baling for ex-
port they are dipped in a bath of arsenic solution and again dried. The
arsenic acts as a preservative and prevents insects attacking the hides.
This is considered the best method of treatment, as the hides keep well
and there are not the opportunities for adulteration or weighting afforded
by other cures.

In the damp climate of Bengal, and during the rainy season in other
provinces, drying is diflicult, so the hides are usually salted. The result
is not always satisfactory; often a great deal of flesh and fat is left on the
hide to absorb an excessive weight of salt. I have known a dry-salted
hide weighing 15 pounds after the soaking in water, dissolving the salt,
removing dirt, etc., which when again dried was found to weigh only 9
pounds, or a loss of 60 per cent. The purchase of salted hides on a weight
basis under these circumstances is not satisfactory. For this reason, in
the United Provinces, where dry arsenicated hides are usually sold per
20-pound weight, hides salted during the monsoon are valued by the.
piece, after selection and classification.

For many years the Indian Government purchased large numbers of
cattle, kept them where troops were stationed, fed them well for about
three months, and then slaughtered them to supply beef to the British
soldier. The hides from these, known as “Commissariats,” were sold by
public tender for a year to three years in advance, and these were the
best in India. They were branded on the neck with the letter “C,” and a
number corresponding with the month when bought, and realized the high-
est prices. Many years ago the Indian Government discontinued buying
cattle, but this term “Commissariat” remains in the trade and indicates
the highest grade of hide. The next grade, known as “Slaughtered,” sig-
nified that the hides were from slaughtered animals as distinguished
from those which have died a natural death. The third grade was
termed “Deads;” and still lower are “Rejections.” These trade terms
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are still used by the chief hide markets in the central parts of India, the
Central Provinces and the Punjab—though the classification has changed.
For instance, Commissariat, though non-existent, still represents the best
hides, and “Slaughtered” include the next lower grade of slaughtered
hides and the best of those from animals that have died. The hides of
Bengal, Maherpore, Chittagong and other districts have each their dis-
tinctive characteristics and are classified accordingly.

Of goatskins there are in India several varieties. The best are from
the Province of Behar and known as “Patnas.” They are fine in grain,
and ideal for the production of glacé kid skins. Further east, in Dinage-
pore, Bengal and Eastern Bengal (including Dacca), the skins are some-
what larger and heavier in grain and texture, but still suitable for glacé
kid. Passing westward into the United Provinces and Rajputana we find
the skins also larger and rather coarser than Patnas, the lighter ones
only of value for glacé kid. The heavier are suitable for “Moroccos” for
the upholstery trade, but unfortunately, many have holes made by the
pricks of thorns on trees where the animals feed. Further north in the
Punjab the skins are known as “Amritsars.” They are large, strong and
heavy, and best adapted for upholstery. In the south, Hyderabad and
Deccani skins are of fair quality, chiefly purchased by the Madras tan-
ners, and tanned in Southern India.

A great many hides are tanned annually in India.

“The primary processes, i. e., softening, liming, unhairing, fleshing and
bating generally, resemble the methods which obtained in England until
the introduction of labor-saving machinery. In India, where labor is rela-
tively plentiful and cheap, the Indian tanner still adheres to the more
primitive methods.

The tanning material chiefly used in Madras and Bombay is the bark
of the Cassia Auriculala shrub, commonly known as tarwad. It grows to
about 6 to 8 feet in height, and has no trunk, the shoots breaking out a
little above the ground. Shrubs of three to four years’ growth are cut
and the bark removed. Fresh shoots grow and are again ripe for cutting
in about three to four years. Trees are usually destroyed when bark is
taken from them for tanning purposes, so in this respect there is a dis-
tinct advantage in the use of tarwad.

No tanning material more suitable than tarwad where softness and
pliability in the leather are desired is known by the author.

In the Bombay and Madras Presidencies it is the practice only par-
tially to tan the hides, about half tanned according to our Western ideas;
no exception is, however, taken to this as the European currier is able to
complete the tanning to suit his requirements. There are some large and
up-to-date tanneries at Cawnpore. The tanning materials used here are
the Acacia Arabica or babul and the Terminalia Chebula or myrobalan
nut.

For firm leathers babul tannage is very suitable, and when toned
with other tanning materials can be used for upper leather. Chrome tan-
ning is carried on to a very limited extent.
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Owing to the great impetus given by the war to tanning, the cutting
of tarwad has been very much increased, and there has been a consider-
able rise in price. In the north, the Cawnpore tanneries have year by
year to go further afield in search of babul. Neither of these two tan-
ning agents, so important to the industry, are systematically cultivated.
Tarwad is a jungle plant, flourishing in the central parts of India. Babul,
a tree scattered over a wide area, chiefly in the northern parts of India, is
not ripe for cutting until ten to twelve years old.

Private enterprise will not cultivate the babul tree and wait so many
years for a return, nor has any enterprising Indian tanner taken in hand
the plantation cultivation of tarwad. It is obviously the business of the
Indian Forest Department, and it is trusted the Government of India will
realize the importance of the tanning industry, and assure to it an ample
supply of tanning. India can produce the bark, but its exploitation
should not be left to private enterprise.

In addition to the tanning centers of Bombay, Madras, and Cawnpore,
there still exists, mainly to supply the local needs of the districts, the
primitive system commonly known as “country tanning,” carried on in the
villages. The hides and skins, after the usual preparation, are sewn into
a bag, hung up, and filled with water and ground bark. The liquid ex-
tract percolates through the hide; 24 hours’ suspension in the case of cow-
hides, and 48 with buffalo, completes the process. The hides are colored
and look tanned, but a true chemical combination has not taken place.
That they are not properly tanned is indicated by the unpleasant smell
they give off for a long time. This leather comes to London from time
to time in small quantities, where it is known and sold as “stitched hides,”
or “bag tanned.”

Of the three centers of tanning reviewed, the Madras and Bombay
Cassia Auriculata tannage is the largest, and meets an important demand
in Europe. The second is a sound tannage, but has a limited market. The
third is inferior, only of value where better leather is not available, and
will die out as the better tannages find a wider market in India.

The Properties of Fat in Leather. W. FAHRION. Chem. Umschau,
1917, 29; abstract through Coll., 1917, 325; J. S. L. T. C., Feb,, 1918. The
spued fat and the fat still in the leather were separated from pieces of
leather which had spued very badly. The two samples of fat were examined
as regards color, melting point, crystalline structure, fatty acids, and the
color, melting point, crystalline structure, molecular weight and iodine
value were also determined for the fatty acids. The acid value of the
speud fat was found to be lower than that of the residual fat in the
leather so that the spue does not necessarily consist of free fatty acids.
The spue was brighter in color, more of a crystalline nature, possessed a
higher melting point and lower iodine value than the -residual fat in the
leather. This indicates that spueing arises from fractional crystallization-
of the more saturated solid fatty acids. With due reservations the author
advances the theory that there is danger of spueing in the case of those
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fat-liquored or curried leathers which have been treated with a mixture of
glycerides from which a different mixture of glvcerides of low melting
point and high content of saturated fatty acids can be fractionally sepa-
rated.

Iron Tanned Leather. Der Gerber, 1916, 1010, 1012; 1917, I016;
through Coll., 569, 341; J. S. L. T. C., Feb., 1018. Dr. Bystron and Dr.
Karl Baron have been granted several patents for iron tannages, accord-
ing to which a 10° Bé. ferrous sulphate solution is oxidized by means of a
slow current of nitrogen peroxide or a mixture of peroxide and oxide.
The peroxide is obtained in the liquefied condition or by decomposing
nitrites. In practice, -1 per cent. alkali nitrite and 5-10 per cent. neutral
salt of an alkali are added to the ferrous sulphate solution together with
the necessary amount of sulphuric acid to decompose the nitrite. The
pelts are drummed in this solution. By passing air into the drum the re-
duced peroxide can be regenerated and further oxidation of the iron salt
ensues.

When the leather is tanned through it is freed from excess iron salt
by washing with solutions of neutral alkali salts, which remove exces-
sively acid salts and precipitate the strongly basic tanning compounds of
iron. Thus detrimental iron compounds are removed without at the same
time detannizing the leather which usually happens when the washing is
carried out with water alone or with alkalies. By repeated treatment with
solutions of neutral alkali salts the leather can be freed from the last
trace of acid iron salt, and hence the finished leather can be stored with-
out deterioration due to the grain becoming brittle. Sodium sulphate is
the best salt to use in this washing process.

Bystron and Vietinghoff have produced sole leather by this process.
The product “Ferroxleather” by name, closely resembles the vegetable
tanned leather, has a reddish-yellow cut, and gives the following results
on analysis . —

Per cent.
Water ...t e i 13.02
Ash 14.91
Fat ..o 2.61
SO: i e 18.97
Hide substance ........................ 55.71 (9.91 per cent. N)

The excess of 5 per cent. mﬂ,\' be due to a wrong conversion figure for the
nitrogen or possibly to oxidation in estimating the sulphuric acid.

Dr. Otto Rohm has marketed an iron compound called “Ferreon” for
tanning purposes. The properties of his iron leather are intermediate
between those of chrome and vegetable tannages. The leather has a tough
grain, a reddish-yellow color, gives a deep black with logwood, and can be
used for the most varied purposes from gloving to boot soles.

Stefan Begony offers a very simple process for iron tanning. Pickled
pelts prepared exactly as for chrome tannage are paddled or drummed in
a solution of .green vitriol mixed with acetic acid, until penetrated. The
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drained pelts are next treated with a soda solution, hung up to dry and
washed to remove soluble salts. Thus tanned, the skins permit of a beau-
tiful finish, will take up grease, and can be dyed.

The Detection of Tannins by the Formaldehyde Precipitation Method.
R. LaurFMaNN., Coll, 1917, 322; J. S. L. T. C. Feb. 1018. The author has
determined the percentage total solubles and percentage tans precipitated
in the Stiasny formaldehyde-hydrochloric acid reaction, for different tan-
ning materials, extracts and mixtures of extracts, with a view to deter-
mining the characteristic figures for the different materials. It was hoped
that these figures would have afforded a new method of tannin identifi-
cation.

Per cent. total sols Per cent. tans
nZRO- B, nHS. 1.
Pine bark.cevoeecieeinnretnnernnenns 59—65 92— 99
Pine bark extract.......c..cceven.. 40—49 66— 80
Oak bark «ccvoveeenveinnineennanans 61—80 82—101
Oak bark extract .............. .. 42—62 64— 89
Oak WOOd +reevvececnen tanevnannens 20—30 26— 36
Oak wood extract.................. 12—19 17— 26
Queb. extract.....cc.ccocornes onnn 94—396 105—107
. Oak bark ext.
:::s g:eb. . k :xt. g ...... 62 (Calc. 55) 82 (Calc. 74).
4 pts. Oak bark ext. )..... so (Calc. 47) 72 (Calec. 67).
1 pt. Pine bark ext. z ...... 62 (Calc. 60) 87 (Calc. 83).

Although both quebracho extract and pine bark extract are pure
catechol tans and as such should be completely precipitated, they give dif-
ferent precipitation figures. The higher figure with quebracho extract

. cannot be attributed to simultaneous precipitation of non-tans, since its
non-tan content is so small. It must be due to the tannins in the two
extracts being of fundamentally different constitution. Pine bark figures
are very close to those of oak bark extract. The former should be com-
pletely precipitated and the high figures with the latter may be due to
simultaneous precipitation of some of the pyrogallol tan or to different
constitution of the two tannins.

The figures obtained with extracts are appreciably lower than those of
the respective materials. This indicates that tannin extraction or the de-
colorizing and clarifying of extracts partially removes the substances
forming insoluble products with formaldehyde or it partially transforms
them into such compounds as do not give an insoluble condensation prod-

. uct with formaldehyde.

The precipitation figures vary within rather wide limits for the same
material and are 4 per cent. higher with mixtures than would be antici-
pated by calculation. The experiments show that with the tanning ma-
terials and extracts used, the formaldehyde precipitation figures can only
have a very limited sphere of usefulness for identifying tannins, but they
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are useful in many cases, taken in conjunction with the results of other
methods of testing tannins for identification purposes.

The Estimation of Chromium in Chrome Salts, Liquors, Leather Ashes
and Residues. K. SCHORLEMMER, (o/l., 1917, 345 and 371; /. S. L.
T. C., Feb,, 1918. The gravimetric estimation of chromium is involved,
inaccurate, and takes up much time. The chromium hydroxide always
carries down with it some of the soluble alkali salts present; these are
very diflicult to remove by washing, in fact, traces always remain and
form chromate on igniting the hydroxide. Chromium estimations should
only be done volumetrically. The chromic salts should be oxidized to
chromates either with sodium peroxide or alkali and hydrogen peroxide.

- The author recommends the latter method. He finds that with iron-free
chrome salts, the oxidized solution is reduced by acidifying. He thinks this
is*due to some hydrogen peroxide always remaining in an iron-free solu-
tion, whereas a trace of iron salt functions as a catalyst facilitating the
oxidization and hastening the decomposition of the excess peroxide.

The oxidized chromium salt can be estimated by

1. Adding potassium iodide, acidifying and titrating with standard
thiosulphate.

II. Adding excess of N/1o ferrous ammonium sulphate and deter-
mining excess by means of standard permanganate.

II1. Titrating with N/10 ferrous ammonium sulphate and deter-
mining end point by spotting on a tile with potassium
ferricyanide.

The first is the simplest, quickest and most accurate, but it is rather
costly. The permanganate method is fairly exact but the decomposition
of the permanganate solution necessitates frequent testing of it against
the iron solution. The third method is simple in practice, but it requires
more time and is not so accurate.

The above methods are only suitable for chrome salts and liquors.
Chromium in leather ashes must be converted into chromate by fusion
with magnesia and sodium carbonate. In the case of chrome liquors con-
taining impurities such as organic matter, dyestuffs, etc, the oxidation
cannot be effected by means of peroxide solutions. The solution must be
rendered alkaline with caustic soda, treated with concentrated perman-
ganate solution and boiled. The reddish-violet color of the permanganate
disappears on boiling and more permanganate must be added and the so-
lution boiled again. This process is repeated until the red color finally per-
sists even after boiling. The small excess of permanganate is removed
by warming the solution with two drops of alcohol. The solution is
filtered, the filter well washed, and the chromium determined in the fil-
trate by one of the above methods.

The author has verified the work of Lamb and Harvey on the effect
of iron on the determination of chromium in leather ash, He points out
that any iron present with the chromium will not affect the result if the
ferrous ammonium sulphate method is employed. He suggests that the
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chromium in the solution should be estimated by Methods 1. and 111.
Where iron is present Method 1 gives a higher result. The lower figure
should not be regarded as the correct estimate, but the solution should be
freed from iron and the chromium should be re-determined by both
methods. The figures now obtained should agree and they represent the
true chromium content of the solution. Very often these agree with. the
result obtained with Method 111. on the solution containing iron. The
author has noticed many instances where this is not the case and these
are at present under further investigation.

Critical Examination of Tanning Materials, Extracts, Chrome Liquors
and Leathers. R. LAUFFMANN. (0/l., 1917, 377. Tanniug Malerials and
Extracts; J. S. L. T. C., Feb,, 1018. After giving detailed methods of es-
timating sand and iron in ground tanning materials the author proceeds
with his review. The value of tanning materials and extracts depends
not only on the tannin content, but also on the proportion of tans to non-
tans, and in the case of extracts on the degree of clarification and de-
colorization. Badly clarified extracts reveal an appreciable content of
insolubles on analysis and these separate out in fairly strong solutions, as
used in practice. Liquors made from such extracts must be clarified by
settling before use, otherwise the insolubles will choke the pores of the
hide resulting in a slow poor tannage and an inferior product. Many
German war-time extracts either cannot be clarified by settling or take a
very long time and they are not very useful for tanning purposes. The
official method for estimating insolubles is not a suitable criterion for
practical purposes since the liquors in practice are very much stronger.
Paessler and Keit's method (Coll., 1908, 295) is much more adapted to
practical strengths. A good test consists in diluting 20 parts extract with
80 parts water in a 100 cc. measuring cylinder and allowing to stand over-
night. Tanning extracts of suitable quality should give no precipitate or at
most only a few cubic centermeters while the supernatant liquor should be
 as clear as possible, otherwise it will be very difficult to clarify the liquors
in practice.

For comparative color tests the Lovibond tintometer is recommended
for liquors, and tanning tests with calf or hide split for the color of the
tanned leather. Insuthciently clarified or decolorized extracts give a badly
colored tannage. This tanned leather can be used to determine the in-
fluence of light on the color (Coll., 1912, 265). The tanning of the hide or
calf piece will also give some indication of the speed and degree of tan-
nage given by the particular extract.

Sulphited extract can be detected by the smell of sulphur dioxide on
warming a little diluted extract with acid, or by means of lead or iodate
starch paper. To estimate the sulphite two determinations must be made.
The sulphites in a weighed quantity of extract must be first decomposed,
the sulphur dioxide expelled, and the sulphuric acid estimated in the
residue. Secondly, the sulphites in a fresh portion must be oxidized and
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the sulphuric acid again estimated. The difference gives the sulphites as
sulphuric acid.

The total sugary matter should be determined by von Schroeder's
method. The addition of glucose to the extract can only be assumed
from this result if it is greatly in excess of the normal sugar content of
that material and if the sugar content appears very high compared to the
other non-tans.

Magnesium sulphate and other mineral products are estimated in the
usual way. Details of the ordinary analytical procedure with chrome
liquors are provided. With regard to vegetable tanned leathers, more than
2 per cent. sugary matter points to.adulteration, as also does an ash ex-
ceeding 1.5 per cent.

The Estimation of Iron in Lactic Acid. A.¥WHarvev. /. S. L. 7. C,
Feb., 1918. The author calls attention to the fact that none of the articles
or methods published by the A. L. C. A. has considered the determination
of the iron present

In a colorimetric method potassium sulphocyanide will not work in the
presence of lactic acid. The author proposes a method using potassium
ferrocyanide as an indicator in its place.

The method now suggested is as follows:—25 cc. of the sample are
diluted to 300 cc. in a graduated flask and 25 cc. of this solution pipetted
into a “Nessler” glass, such as is used for the estimation of ammonia in
water, and diluted to 100 cc. One cc. of a 10 per cent. solution of potas-
sium ferrocyanide is added, and the solution allowed to stand for about 3
minutes, in order that the color may develop. The tint is now matched
against a series of standard colors produced from known volumes of the
standard iron solution—previously diluted to 100 cc. and treated with 1 cc.
of 10 per cent. potassium ferrocyanide. These should be made up at the
time of the experiment so as to ensure uniformity of conditions.

The standard iron solution used was made by oxidizing 0.7 gram of
pure ferrous ammonium sulphate with a small quantity of nitric acid and
the solution made up to 1,000 cc. with distilled water.

In examining the very dark samples which are sometimes met with,
it was found that the colored organic matter present interfered somewhat
with the estimation. With such samples this method cannot be applied.

Treatment of Anthrax. G. D. DubLEY, /. A. M. A., Jan. 5, 1918. The
author gives an excellent description of localized anthrax infection as it
gradually develops. He states that anthrax is seldom fatal. When treated
properly, few, if any, patients die. Three methods of treatment are de-
scribed : 1. By excision after previous treatment with 8 per cent. phenol,
afterwards painting with pure phenol, followed by absolute alcohol and a
wet dressing. 2. When excision fails, injecting more 8 per cent. phenol,
and incising freely, inserting gauze drains and applying an ice bag.
3. Use of anti-anthrax serum prepared by the U. S. Bureau of Animal
Husbandry. Stimulating treatment is used in conjunction.
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Sampling Coal for Analysis. GRORGE S. POPE. Technical Paper 133,
Bureau of Mines, U. S. Dept. of the Interior. The author in this paper
shows the importance of proper sampling and gives very detailed in- °
structions how the proper sampling should be done.

Production of Substitute Soles in Germany. ' Commerce Reports.
The supply of substitute soles in Germany is controlled by the Soling
Substitutes Co., which in turn is subordinate to the Imperial Ministry of
Economics. The decision as to what kinds of soles not wholly of leather
in a single piece, what kinds of preservers and protector made partly of
leather, and what kinds of leather substitutes may be produced rests with
the Soling Substitutes Co. There are now, says the Hamburgischer Cor-
respondent, about twenty-five firms engaged in the manufacture of substi-
tute material for soles. It is estimated that these firms can turn out soles
for 100,000,000 pairs of boots per annum.

From January to September, 1917, there were produced soles (includ-
ing flexible half-soles) for 1,000,000 pairs of footwear; uppers of paper
cloth for the same number; toe-caps for 8,500,000 pairs; and inner soles
for 500,000 pairs. During the next three months (October-December) it
was expected that the output would be 10,000,000 pairs of uppers and
5,500,000 pairs of toe-caps and inner soles, all for new footwear. From
January to September, 10917, 14,500,000 pairs of substitute soles for the
repair of footwear were disposed of by the Soling Substitutes Co., and
4,000,000 pairs (chiefly of wood) in the open market. The supply for the
period October to Dccember is estimated at 24,000,000 pairs. In connec-
tion with the manufacture of half-wood soles, which are disposed of in the
open market with the permission of the Soling Substitutes Co., sixty-five
firms are engaged, with a weekly output of 1,000,000 pairs.

There are one hundred eighty firms employed in the manufacture of
whole-wood soles for new footwear, with an average weekly output of
400,000 pairs. From January to September, 1917, there were sold, roughly,
8,000,000 pairs of soles made entirely of wood. Beech wood has been
chiefly used, but any other hardwood, with the exception of oak, would
serve equally well. The consumption of wood for soles in the period
from January to September was about 63,000 cubic meters [cubic meter
= 35.314 cubic feet]. The Soling Substitutes Co. proposes to deal with
no less an amount than 600,000 cubic meters during 1918.

Of the boot and shoe factories which were in existence before the
war only about 400 are now at work; of these 25 per cent. are working for
the army administration alone, 25 per cent. are employed in connection
with the manufacture of gloves and similar articles, and the remaining
50 per cent. have the task of meeting the civilian boot and shoe require-
ments,
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PATENTS,

Bark Peeling Machine. U. S. Patent 1,254,362. P. C. SCHAANNING,
Christiana, Norway. :

Tanning Compound. U. S. Patent 1,254,364. O. ScHMIDT and A.
ANDRES, Germany, assigned to Badische. The process and product, when
phenolic bodies, sulphuric acid and an aldehyde or phenol, paraldehyde
and sulphu{ic acid, are made to react together.

Machine for Bending Leather Edgewise. U. S. Patent 1,255,366. JoHN
N. WEIMER, Indianapolis, Ind.

Leather Stamping Machine. U. S. Patent 1,256,351. B. J. MILLER,
Milwaukee, Wis.

Tanping. U. S. Patent 1,256,718. R. N. MoOoORE, Thorp Spring,
Texas. A tanning solution composed of 2 pounds of gum gambier, 1 pound
of Epsom salts, 1 pound of pulverized alum, 1 pound nitrate of sods, and
water.

Tanning. U. S. Patent 1,256,789. LEwIs T. HALL, Houston Heights,
Texas. Hides are tanned in an infusion of tillandsia (southern moss).

Tanning Fish Skins. U. S. Patent 1,256,974. K. BENDIXEN, Copen-
hagen, Denmark. The process consists of soaking in a solution of arsenic
and sodium sulphide for three days; then liming three days, bating, pick-
ling and tanning with sumac. .

Utilizing Waste Leather. U. S. Patent 1,257,025. MARTIN REICH-
MAN, Germany. The leather is cut to pieces of equal size; threaded on
wires into bands, and such bands interwoven one with the other.

Leather Softener. U. S. Patent 1,257,355. K. H. HUNTER, Great
Bend, Pa. A mixture consisting of 74 parts first press moellon, 25 parts
vacuum oil, 15 parts wool grease, and 30 parts of an aqueous solution having
7 pounds of soap and 7 pounds of soda to each 150 gallons of water.

Softening Hides. U. S. Patent 1,257,402. OTTO ROHM, Darmstadt,
Germany. Consists in treating the hides in a solution of the fat and albu-
men dissolving enzyms of the pancreatic glands (about 0.05 per cent. pan-
creatin) with or without 1 per cent. soda ash.

Machine for Finishing Leather. U. S. Patent 1,257,595. J. U. FLAN-
AGAN, assignor to F. F. &locomb & Co., Wilmington, Del.

Leather Treating Composition. U. S. Patent 1,258,729, J. F. WINNEUR,
Rochester, N. Y. A mixture of approximately 400 parts of kerosene, 3
parts sassafras oil, 64 parts citronella oil, 1 part wintergreen oil, 1 part
mirbane oil, 1 part birch oil and 46 parts raw linseed oil.

Reinforced Leather. U. S. Patent 1,259,180. M. W. WHITE, Clifton-
dale, Mass., assignor to U. S. M. Co.
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Leather Dampening Machine. U. S. Patent 1,259,199. E. B. AVRES,
assignor to Philadelphia Textile Mach. Co.

Leather Whitening and Buffing Machine, U. S. Patent 1,260,436. T. J.
O. KEEFFE, Cambridge, Mass.

Leather. British Patent 110,750. O. ROHM, Germany. Skins are
tanned with an aluminium salt of a lower fatty acid (formic or acetic).

Oxalic Acid. British Patent 110,837. ALLEN Bros. & Co., London.
Oxalic acid and oxalates are obtained from ‘‘sal bark" (the bark of skorea
robusta). After leaching out the tannins, the bark is treated with a mineral
acid to break up the calcium oxalate contained therein, and the liberated
oxalic acid recovered. The bark can then be used for paper making by
treatment with an alkali.

Tanning Compound. British Patent 111,141. ]. Y. JoHNsoN, London,
assignor to Badische. Practically same as U. S. Patent 1,254,364 (see above).

Leather. British Patent 111,304. W. C. BraTz, Wilmington, Dela-
ware. White leather is made by filling the skin with an insoluble white
salt of one of the alkaline earths, preferably barium sulphate, during or
subsequent to the process of tanning or tawing. This can be done by dip-
ping alternately in barium chloride and sodium sulphate.

Purifying Sulphite-cellulose Liquor. British Patent 112,395. A. G.
BLIXAM, London. Treatment with an alkali carbonate followed by sul-
phuric acid.
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FIFTEENTH ANNUAL MEETING.

The fifteenth annual meeting of the American Leather Chem-
ists Association was held in conjunction with the semi-annual
meeting of The National Association of Tanners at Atlantic City,
May 15, 16, 17 and 18th.

The following organizations also participated in the meetings
of The National Association of Tanners:

Tanners Council.

Morocco Manufacturers’ National Association.

Patent and Enameled Leather Manufacturers’ Association.
National Association of Importers of Hides and Skins.

The chemists’ meeting, opened Thursday, May 16th with an
address by the president of the Association, Mr. C. R. Oberfell.
This was followed by the report of the secretary and treasurer,
Mr. H. C. Reed. Mr. J. S. Rogers then gave his committee re-
port on “The Determination of Free Sulphuric Acid in Leather,”
which was followed by considerable discussion. The meeting
then adjourned for a joint luncheon with all participating organi-

zations present. After the luncheon the following program was
held :
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ToasT

“The President of the United States”..... Mr. C. F. C. Stout
Chairman, Hide and Leather Control Board.

“FoREIGN TRADE DEVELOPMENT.”

1. “Export Trade and the Webb-Pomecrene Law”

Proressor LiNncoLN HutcHinsoN, War Industries Board
2. “Practical Handling of Foreign Trade.”
Mgr. Staxtey H. Rosk, Manager Foreign Sales, The

Barber Asphalt Paving Company.

3. “Selling Heavy Leather Abroad”
Mr. E. G. Howrs, Howes Bros. Co.

On Friday, May 17th, a joint meeting was held, the program
being arranged so as to be of special interest to the tanners
present.

In the morning session the president first introduced Mr. J. B.
Churchill of the American Leather Research Laboratory to the
members. Mr. Churchill gave a brief talk expressing his appre-
ciation of the help given him by the tanners and chemists and
asking for their continued co-operation and assistance.

Mr. F. H. Small then read a very comprehensive paper on
“Problems for the Consideration of the American Leather Re-
search Laboratory.” Mr. Fred A. Vogel then read a paper on
“Upper Leather for Army Shoes.”

Major Kenneth A. Marlatt of the Canadian Army then gave a
very interesting talk on “Boots and Shoes Under Actual Trench
Conditions” and also a few of his experiences and observations on
the war in general. In the afternoon, papers were read by Dr.
Allen Rogers on “Shoe Leather for Army Shoes;” by I. L.
Wormley on “The Work of the Bureau of Standards in Leather,”
and by C. L. Peck on “The Profitable Recovery of Proteids from
Tannery Waste Water.” All these papers were followed by con-
siderable discussion.

The program continued Saturday morning, May 18th.

Messrs. H. R. Davies, C. R. Delaney, T. A. Faust, R. W. Grif-
fith and T. G. Greaves presented reports on their respective com-
mittee work A paper by Messrs. F. P. Veitch and R. W. Frey
on “The Preparation of Heavy Leather Samples for Analysis,”
was read.

In the executive session following it was voted that the sum
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of $250.00 be given from the funds of the Association to The
National Red Cross.

The convention concluded with the election of officers.

The following were chosen to serve for the next two years:

President, R. W. GRIFFITH.
Vice-President, W. K. ALsor.
Secretary-Treasurer, H. C. REED.
Council, J. S. Rogers, C. C. Snoor, I11.

All committee reports, papers and addresses presented at the
convention will be published in subsequent issues of this Jour-
NAL. The paper by Mr. Small and the paper by Messrs. Veitch
and Frey are to be found in this issue.

4

PREPARATION OF HEAVY LEATHER SAMPLES
FOR ANALYSIS.*

By F. P. Veitch and R. W. Frey.

Although the preparation of samples is known to be a factor
of the utmost importance in the correct analysis of leathers, very
little has been published concerning the subject. The variations
in results which may occur and the need of a standard method
of preparing leather samples are clearly shown by the results
which follow.

It developed upon inquiry among several of the leather chem-
ists that numerous means, among which may be mentioned chop-
ping, clipping, rasping, planing, grinding in a coffee mill, and
shredding by saws, are resorted to in the preparation of leather
samples. This state of affairs is certainly not conducive to uni-
formity and to agreement between laboratories, to say nothing of
the possibility of an injurious effect of some of the methods on
the sample giving rise to erroneous results on analysis.

Of the various procedures named above the one which probably
appeals the strongest for the preparation of samples of heavy

* It is desired to acknowledge the assistance in the analytical work of

Mr. I. D. Clarke.
! Read at the Atlantic City meeting of the A. L. C. A., May 18, 1918.
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leathers, not only because of the ease and speed, but also be-
cause of the excellent state of division in which the sample is
obtained, is that of shredding by means of a circular saw appa-
ratus. which consists in general of three or four circular saws
mounted, with their teeth staggered, on a shaft. The saws are
revolved and the leather is shredded by feeding it against them.

Just after the installation in this laboratory of a circular saw
machine, attention was called by an experienced chemist, through
correspondence, to the fact that he had found decided differences
between the moisture and soluble solids of the same leather when
planed and when sawed.

The planed sample, despite its comparative coarseness, always
gave the higher results on both constituents. Several samples
were immediately prepared in this laboratory both by planing and
sawing and determination of moisture and soluble solids con-
firmed this statement as shown in Table 1.

TABLE 1.
Moisture Soluble solids
L. & P. No. Preparation per cent. per cent.
34008 Sawed 4.0 22,0
34008 Planed 10.4 26.5
34014 Sawed 6.4 17.7
34014 Planed 9.0 23.8
34015 Sawed - 3.5 20.0
34013 Planed 11.2 20.8
34116 Sawed* 8.4 22.7
34116 Planed 1.8 24.0

*Saws were sharpened immediately before the preparation of Sample
No. 34116.

These results are somewhat surprising as ordinarily there
would be obtained a higher percentage of soluble solids when the
moisture content is lowered. The indications here, however, are
that under certain conditions marked changes in the composition
of the leather take place during its preparation. Since the mois-
ture is greatly reduced by sawing it seems natural to conclude
that this change in the leather is brought about by overheating.
In fact during the sawing of the samples a slight heating-up was
noticed, which it was realized would somewhat affect the mois-
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ture content, but it was not thought to be sufhcient to otherwise
alter the composition of the leather.

In view of these facts experiments were made to determine
the effect on the composition of the leather of a moderate heat
such as leather is subjected to in determining moisture. Two
leathers were heated for 6 hours at g8°-100°C. and then exposed
to the air for 18 hours. On analysis they gave practically the

same percentage of soluble solids as the corresponding unheated
portions.

TABLE 1L
Soluble solids,
Moisture moisture-free basis
I.. & P. No. ‘I'rentment per cent. per cent.
34544 Unheated 8.9 28.1
34544 Heated 7.8 27.4
34545 Unheated 9.0 28.8
34545 Heated 7.7 29.2

Since these results show no effect on the water soluble content
the indications are that the heating-up of the leather with certain
machines is momentarily much greater than is generally realized.
In this connection it would be interesting to go more thoroughly
into this phase of the subject and to determine the maximum
temperature to which leather could be heated without materially
affecting the water soluble content. It is regretted that the pres-
sure of other work has prevented doing this.

These experiments were carried out on finely shredded leather
prepared by the modified machine which is described further on.
In the preparation of these samples practically no change took
place in their moisture content.

Knowing that several laboratories were equipped with circular
saw machines, requests were sent out for descriptions of these
machines and also for samples prepared by planing and sawing
alternate strips from a block of leather, giving in this way a
planed and sawed sample of leather as nearly identical as possible
except for the method of preparation. Samples were received
from three of these laboratories and the results obtained on them
are given in Table 111
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TABLE IIIL
Soluble
Moisture solids
L.& P. No. Preparation per cent. per cent. Remarks
34110 Sawed in laboratory A 120 21.55 Exposed to air
15 minutes.
34110 Planed in laboratory A 122 22.40 Exposed to air
60 minutes.
34112 Sawed in laboratory B 89 16.50 Exposed to air
5 hours.
34112 Planed in labhoratory B 9.9 17.40 Exposed to air
5 hours.
34114 Sawed in laboratory C 109 27.70 Exposed to air
30 minutes.

34114  Planed in lahoratory C  11.7  27.60* Exposed to air
30 minutes.
*\'cry coarse and thiek shavings.

It will be noticed that the agreement here is decidedly better
than in Table I though here too, even under the conditions of ex-
posure of the prepared samples there is the tendency to lower
moisture and soluble solids in the sawed samples. It will prob-
ably be interésting to point out, as well as it is possible to do so
from information obtained through correspondence, how these
machines differ from the one in this laboratory, which is composed
essentially of four 8-inch saws each 1/16-inch thick and having a
very slight set. The saws are of the cut-off type with rather small
teeth, between three and four to the inch, and are driven by a 4
horse-power motor. The speed of the machine originally was
about 1,100 revolutions per minute when sawing, but this was in-
creased immediately before the preparation of sample No. 34116
to about 1,500 revolutions per minute. The approximate speed
when sawing is given as there is some slowing down from the
speed when running free, probably because of the low power
motor and also some slipping of the belt.

The machine in laboratory A has four 10-inch saws each 1/16-
inch thick. They are of the splitting-saw type with large teeth,
about one to the inch, and are driven by a 15 horse-power motor
at about 1,500 revolutions per minute.

Laboratory B has a machine made up of four 8-inch saws each
1/16-inch thick and without set. The teeth are of medium size,
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two and twn-thirds to the inch. The saws are driven by a 1 horse-
power motor at about 700 revolutions per minute. Definite in-
formation concerning the type of saws has not been obtained but
from a rough drawing they appear to be splitting saws.

The machine in laboratory C has three 8-inch saws each 1/16-
inch thick with a slight set. The saws are of the splitting-saw
type, with medium sized teeth, 'slightly less than two to the inch.
The speed of the machine is 3,100 revolutions per minute.

In all of the machines the saw teeth are staggered.

It need hardly be stated that there is very little similarity be-
tween the essential features of the machines, such as the size
and shape of the saw teeth and the speed at which the saws are
driven. Because of this it is difficult to determine just what
the controlling factors are in a machine which gives the best re-
sults. It will be noticed, however, that the last three machines
have larger saw teeth than the one in this laboratory and also
that at least two of these machines have “splitting” or “rip”
saws instead of “cut-off” saws. No such general statement can
be made concerning the speed. The indications are, therefore, that
the size and type of saw teeth are the most important factors in
preparing samples.

From the preliminary results given in Table III, especially
concerning the moisture percentages, it was decided to secure ’
several more samples prepared in laboratory A. A set of six
samples, three planed and three sawed, gave the following re-
sults: :

TABLE IV *
Moisture Soluble solids
L. & P. No. Preparation per ceut. per cent.
34316 Sawed 11.2 25.3
34316 Plancd I1.5 23.1
34318 Sawed ToILI 23.0
34318 Planed 11 23.5
34320 Sawed 10.7 26.6
34320 Planed 10.6 26.5

*The above samples were bottled immediately after they werd pre-
pared.

The time of preparation for each sawed sample being about 15
minutes and for each planed sample about one hour.
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The agreement between the sawed and planed samples is excel-
lent and it was decided, in view of these results, to modify the
machine in this laboratory so that it would agree in general with
that of laboratory A.

The old saws were replaced by four 10-inch ones each 1/16-
inch thick, of the splitting-saw type, and having large teeth, about
one to the inch. The saws have a very slight set and are driven
by a 2 horse-power motor at approximately 1,500 revolutions
per minute. Results on samples prepared by this machine to-
wether with those on duplicate samples prepared by planing are
given in Table V.

TABLE V.*
Soluble
Moisture solids Fats
L. & P. No. Preparation per cent. per cent. per cent.

34520 Sawed 9.2 27.9 2.9
34526 Planed 9.7 27.1 2.7
34527 Sawed 9 24.1 34
34527 Planed 9.7 23.2 3.3
343528 Sawed 8.9 25.3 1.9
34528 Planed 9.3 24.1 2.0
34529 Sawed 78 28.7 3.1
34529 Planed &5 27.2 3.2
34330 Sawed 8.4 26.7 2.4
34530 Planed 89 25.7 2.2
34586 Sawed B § ¥9) 19.4 2.4
34536 Plancd 12.4 17.3 2.7

. 34390 Sawed 11.4 26.4 2.3
34590 Plancd 11.3 24.7 2.4
34591 Sawed 10.9 27.5 1.2
34591 Planed 108 27.6 1.3

*All samples were bottled immediately after preparation.

The time of preparation for a sawed sample was about 15 min-
utés and for a planed sample about 45 minutes. The last three
leathers were taken out of a humidity room maintained at 65°F.
and 70 per cent. relative humidity, about 2 hours before their
preparation.

These results show a decided improvement over those obtained
by the old machine (Table I). The cutting action of the saws
was much better and only a barely perceptible heating-up was
noticed, in fact, no more than has been observed at times in
planing a sample. The larger saws, however, create a strong
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draught which blows a great deal of the leather dust out of the
machine. This is not only a nuisance but is also a menace to the
operator. It may be possible to prevent this scattering of dust
by a properly designed collection chamber although attempts to
accomplish this have not yet proved successful. |

It will be noticed that the moisture content of the sawed sample
is generally slightly lower than that of the corresponding planed
sample, the difference, however, is not great. As regards soluble
solids, figures are now reversed. The sawed samples giving in
every case, but one, decidedly higher percentages than can be
accounted for by the slightly lower moisture content. This in-
crease in the percentage of soluble solids could easily be ex-
plained as the result of the much finer division of the sawed
samples, if it were not for the results previously given on samples
prepared in laboratory A, which samples it will be noticed gave
almost identical figures on both moisture and soluble solids. No
satisfactory explanation can as yet be offered for the difference
between the results given in Tables IV and V. The samples
prepared with the machine of the Leather and Paper Laboratory
appear to be more finely divided and somewhat freer from hard
lumps than those prepared in laboratory A. This may account
for the somewhat higher soluble solids recorded in Table V.
There has been no opportunity, however, to secure more data,
especially along the line of preparing the same leather with both
machines.

It is possible that the loss of leather dust from the strong
draught, to which reference has previously been made, is greater
in the case of this laboratory’s machine, and that possibly a con-
centration of the heavier particles of leather containing more
water soluble matter takes place.

The results presented in this paper are of a preliminary nature,
but since it is not possible to go more thoroughly into the subject
in time for the annual meeting of the Association, it has been
deemed advisable to give those so far obtained, with the hope
that they will be of some value in a discussion of the subject.

There is need, however, for further study on samples of the
same leathers prepared with several different machines, using as
a basis for comparison a carefully planed sample of each leather.
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The importance of the proper preparation of leather samples
and the need of a standard procedure cannot be too strongly
emphasized, especially at this time when leathers are being so
largely bought on specifications covering composition. .

LEATHER AND PAPER LLABORATORY, .

Bureau of Chemistry,
Department of Agriculture,
Washington, D. C.

PROBLEMS FOR THE, CONSIDERATION OF THE AMERICAN
" LEATHER RESEARCH LABORATORY.*

By F. H. Small.

The words “Research Laboratory” have proved an “Open ses-
ame” to the pocketbooks of the tanners; but the magic has been
in the delightful vagueness of the picture they conjured rather
than in a clean-cut outlining of definite end to be attained.

The control and direction of the laboratory is in the hands of
a capable and competent committee made up of members from
both the National Association of Tanners and the American
Leather Chemists’ Association. This Committee can be trusted
to see that the laboratory is put to the best possible use. Until
such time. however, as the laboratory is started on a definite
program, it is to be presumed that the Committee will be glad to
entertain suggestions as to desirable lines of work that may be
undertaken by the chemist in charge, and the following is pre-
sented in the hope that it may support the claim for consideration
of a certain type of research, rather than of some particular
problem or problems. '

If we consider the various ideas we hear mentioned of what a
research laboratory should be or do, we find that they group
themselves pretty generally into three classes, which we may call
the commercial class, the practical class, and the idealist class.

The exponents of the commercial class suggest that the re-
search laboratory should do sampling, make analyses, adjust ana-
lytical disputes, determine whether merchandise is up to specifi-
cation; in short, should serve as a combination trade laboratory
and court of arbitration. \While it is conceivable that a labora-

*Read at the Atlantic City meeting of the A. I.. C. A., May 17, 1918.
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tory established for such purpose might serve a useful end, such
a laboratory could not be called with any accuracy a “Research
Laboratory.” It would be a profound pity for the laboratory
to concern itsel{ with such routine or trade matters, when there
is a real need in connection with our industry for “diligent,
protracted investigation especially for the purpose of adding to
human knowledge,” as the dictionary defines “Research.” It is
sincerely to be hoped that the laboratory may not be diverted
from the purpose implied in its name. There certainly is no lack
of subjects for study and of pressing importance, and no time can
afford to be wasted in merely commercial work for the handling
of which ample facilities exist in the various trade laboratories.

The exponents of the practical class call for the study of
problems of direct, immediate bearing on leather production, with
the intent that what knowledge is gained may be promptly turned
into dollars and cents and repay initial investment. The shortest
method which will secure the required knowledge is, therefore, the
most desirable, the primary idea being to get the answer regard-
less of whether one knows why it happens to be the answer.

The exponents of the idealist class would like to see the re-
search laboratory devote itself to a study of fundamentals,—of
the underlying laws governing the intricate phenomena attending
the conversion of hide into leather. For them, the problem at-
tacked would matter little and the results attained, regarded from
the point of view of immediate expression in terms of dollars and
cents, be a matter of comparative indifference. The real test
would be, whether a step had been taken toward the day when,
any given set of conditions having been formulated, the event
may be predicted; that is, the day when leather-making has be-
come an exact science.

To illustrate by an example, let us consider the swelling of hide
in acid solutions. For the one we have called the Practicalist,
the problem defines itself as a determination of the factors which
affect the swelling,—a knowledge to be gained probably by the
cut-and-try method. When the various acids are listed in the
ordet of the degree of plumping they produce, and the effect of
concentration, temperature, etc., is found, the problem is con-
sidered solved. For the Idealist, however, the actual experi-
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mental work may be the same as that of the practicalist but
the underlying thought for him is,—What is it that makes hides
swell? What are the fundamental causes? Are these capable of
expression in any general law? He would not consider the prob-
lem solved until he had found such a law. When he had found
it, he would have in his hands an answer to any question per-
tinent to the subject; no more cutting-and-trying would be
needed : the effect resulting from any set of conditions covered
by the law would be predicable. Of such character as this latter
was the investigation carried on by Professor Procter and his as-
sistants, on the swelling of gelatin in acid solution.

I would not argue for a moment that the sole purpose of the
laboratory should be the consideration of hypothetical questions
of remote practical interest. nor that such useful information as
may be gathered by the way should be neglected. Professor
. Procter’s researches on the acid-swelling of gelatin extended over

a period of some 20 years,—though during this time he was
doing much other work of immediate practical bearing,—and
it may well be doubted whether the patience of our tanner friends
would hold out for 20 years if no visible, tangible results
were apparent as a result of the work of the laboratory before
the end of such period. It is by no means necessary that the

" distinction between the practical and the idealist classes should
be absolute. Overlapping certainly is permissible, probably de-
sirable; but there is no doubt in my own mind that the thought
back of every research, should be the co-ordination of the specific
problem with our present knowledge of basic laws and the use
of experimental information gained, to amplify this knowledge.
This does not necessarily mean that one must determine the origin
of the life germ before one can make a start in studying the tan-
ning process even though such a course was thought desirable by
a man who had a tanning machine to sell and who began the
story of the virtues of the machine as follows:

“In reference to civil engineering chemistry which is now ap-
plied in the leather industry, I will cite some facts later and pre-
fer to reach back to the elementary Patachneological conditions
of the structure of an animal hide as a base of my object. T will
explain to you that the physiology of a skin already starts in the
creative embria. This of course is a archeotype process reaching

2
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far back to the Miocean and Geocean Periods, scientist are eager
to link the existence of the embria and huf animal life to the
Palaeozoic periods. This of course would mean hundred of mil-
lions of years since the production of animal industry started.
For an example: We have traces that the Souriers, the Dinou-
siers, the Mastodon, even the pedigree of the flying animals cov-
ered with hair and scale called the Majos Chopa, are all of the
same outcome. * * *
I O O T T

“A skin or a hide is composed of the epidermis, malpighi, recte
malpighi, the corein layers perforated as they are, the blood
corpuscles passing in for the respiration and the maintenance of
the temperature and assirilation of food. If I have shortly out-
lined of what a hide or skin is consisting, it is done more to make
a short story of these complicated material and now I am to re-
fer how marketable leather has been produced since the Med-
iaeval time and how the leather industry has benefitted by the
applying of up-to-date engineering chemistry.”

\While T do not advocate delving into the mysteries of pre-
historic ages in the above fashion in the hunt for basic principles,
I do wish to insist that the underlying thought of all research
should be to get at fundamental causes and laws. If it is true
that the largest field of usefulness of the laboratory may be
found in a combination of the ideas of the practical and idealist
classes, then the search for fundamental laws well may be sought
through research on practical tannery problems,—and so long as
one is keenly studying phenomena, adding diligently to our store
of available knowledge it should not be held against him that
the information gained is not always the exact information
sought. Certain problems will seem to stand apart, to have no re-
lated interests; but it will be difficult to carry through any in-
vestigation without securing some new knowledge, some different
viewpoint, which perhaps will help in some other research. .
R. Whitney has written (The Annals of the American Academy
of Political Science, May, 1915):

“We can never quite appreciate the incredible applicability and
utility of new facts of nature. We are repeatedly shown by our
experience; but each new example only augments our stock of
wonderment, of bewilderment. A very few months ago a certain
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well-known scientific investigator (Lord Raleigh) found a slight
difference in the density of nitrogen taken from air and nitrogen
derived from other sources. He felt obliged to know about this
little difference. In co-operation with Sir William Ramsay he
discovered argon. This was present in the atmospheric nitrogen
and had always escaped detection. It formed less than 1 per
cent. of the air. It was discovered to be entirely inert and
chemically inactive. This was an apparent promise of great
chemical uselessness.

“At that time it was exceedingly difficult to separate it from
the air, and except for its scientific interest it seemed destined to
be left inactive. Newly discovered methods of liquifying air and
of combining nitrogen for fertilizer, as in the cyanamid process,
have just made the argon available commercially. Other purely
scientific research had shown the value of such a gas in incan-
descent lamps, and it is just at this time being used to produce
the most efficient incandescent lamps of our knowledge. It was
the recently discovered difference between this gas and other
gases which made this lamp possible. When its existence and
properties were known, its application was relatively simple and
easy.”

If, therefore, the research laboratory is slow in reaching an
answer to some problem which seems of pressing importance,
it yet may be doing valiant service for our cause, and as one
who knows from experience the difficulties attendant upon re-
search, I would bespeak for the laboratory an abounding patience
from its founders.

There is yet one more thought I wish to advance before try-
ing through discussion of a few definite problems which have
been or may be suggested for the consideration of the research

laboratory to illustrate my viewpoint. A letter received from
Mr. J. A. Wilson reads :—

“From the soak vats to the finishing-room we are dealing with physi-
cal chemistry and the colloidal state to such an extent that I believe real
progress (barring accidental discoveries) can be made only by scientists
of the very highest order. Professor Procter fully realized this when
he undertook the study of the acid-gelatin equilibrium over 20 years
ago. When the principles underlying each process have been thoroughly
mastered, then we may expect progress of a healthy nature.”
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The result of Professor Procter’s research on the acid swelling
of gelatin is embodied largely in the formula:

¢=—a2x + ) WEFT,

a rather unpromising-looking conglomerate to hand your yard-
foreman by which to regulate the plumping of his hides. As a
matter of fact, it will tax the ability of many of us chemists to
dig out the information locked up in those x's and z's. Many of
the fundamental laws relating to our industry are not susceptible
of simple expression and we are going to need not only competent
research chemists but as well competent interpretative chemists,
who can take the proven laws and demonstrate the possibilities of
scientific leather-making on the basis of these laws.

You may wonder that I have used the same example, wiz.,
Procter’s work on the acid-gelatin equilibrium, several times to
illustrate my thought, but the sad fact is that in our special
branch of chemistry the research of Professor Procter and his
associates is practically the only instance we have of whole-hearted
attempt to get at fundamental laws. There seems all the more
need, therefore, that our research laboratory should do its bit to
keep the above work from being lonesome.

Turning now to some of the possible and suggested topics for
investigation,—the curing and disinfection of hides has been
mentioned. This primarily is of interest to the Government
through its Bureau of Animal Industry, which aims to take pre-
ventative measures against contagious animal diseases, and among
others, against such as are capable of propagation through hide-
contained germs. In a sense, a suitable method of disinfection is
their hunt, and any method having their approval must needs be
efficient in disinfecting the hide. The interest of the tanner be-
gins when he has this disinfected hide to tan, and what concerns
him is, whether this disinfecting process has affected vield or
quality of leather. It may be that the modern tanner has reached
that state of trustfulness when he will accept a finding from a
laboratory on this point; but it is my private opinion that if out-
wardly he has, he yet will steal in the back way and have a
look at his leather and watch the Lot figures before he will be
thoroughly content.

Then there is the question of the disposal of tannery waste,
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utilization of sludge, etc. This is bound to be affected largely by
local conditions, and so not prove capable of general solution.
It is really more of an engineering than a chemical problem, and
is probably susceptible of adequate test only on a large scale of
operation. It does not analyze out as a very satisfactory sub-
ject for investigation in a leather research laboratory. There
is one tannery-waste problem, however, that may be worthy of
attention by the research laboratory at this time and that is the
working out of a practical method for the recovery of the chrome
in waste chrome liquors. I believe this rather a problem for the
tannery laboratory than the research laboratory, and that with
a complete knowledge of the laws underlying chrome tannage it
probably will be possible to utilize chrome liquors completely, so
leaving no problem; but just at present the problem of the utili-
zation of every bit of chrome on hand is so vital that it must be
regarded from quite another aspect than what it would be were
these normal times.

Another suggested subject is, Shoe-Ieather Quality ; the Value
of Chrome Re-tan vs. Vegetable Tan; the Effect of Sugar and
Salts on Wear, Water Penetration, etc. This really is rather a
trade topic and there is already one research of the sort under way
at Mellon Institute, another at the leather and paper laboratory,
another at the Bureau of Standards, and possibly others in pri-
vate laboratories. Is it desirable to add to the number?

Then there is a suggestion that a study be made of Methods for
Determining Free Mineral Acids in Leather. This is a matter
of such immediate and direct practical importance to the tanners
that it well may come in the list of subjects that will more or
less of necessity be studied in the laboratories of the tanners. It
has been and is now under study by a Committee of the Ameri-
can Leather Chemists’' Association. "Is it the sort of thing to
which the energies of the research laboratory should be de-
voted? Dersonally, T have grave doubts whether the research
laboratory would be fulfilling its purpose in the largest way if it
devoted its energies to the study of analytical methods as an end
in itself. Such study may be necessary as part of a larger prob-
lem, but per se, it seems questionably desirable. There is a sub-
ject closely related to acid determination which would seem to
be rather more plausibly suitable for study, and that is, whether
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the use of sulphonated oils in leather is wise; whether they do not
break down with the liberation of free sulphuric acid, and con-
sequent damage to the leather. Study of this subject might ne-
cessitate study of a method for the determination of free sul-
phuric acid in leather.

This Spring, there has been on the market a relatively large
amount of undertanned leather, leather having a so-called raw
streak. The onus for this condition has been put on the shoulders
of the Fuel Administration and the weather man, and the trouble
has been ascribed to cold liquors. Is it true that the rate at which
tanning proceeds is dependent on temperature? If so, does any
law govern? Can we tell the tanner how much longer it will
take him to tan his leather if his liquors are at 50° F. than
at 70° F.? Here is a subject that seems to have large pos-
sibilities, to open up most delightful fields of research and
research which well may have to do with fundamentals. Surely
other things besides temperature affect rate of tanning. In order
to study temperature effect we must know what these others
are. Is there a rate of tanning characteristic of each material?
Will quebracho tan at a certain definite rate, and oak at another?
Is this rate characteristic of quebracho tannin and of oak tannin
and if so, are the differences measurable and can the measure-
ment of the rate be used as a means of identification of the tan-
nins from different materials? Or again, is the rate dependent
on the so-called non-tannins which accompany the tannin in any
given material? Here we perhaps shall be able to throw some
light on the moot question of the value of high versus low non-
tannins in the making of leather. How does a chestnut extract
with high non-tannin differ from one with low non-tannin in its
effect on the making of leather,—assuming that the raw material
is the same in each case and the resultant differences are due to
different methods of leaching? This brings up the question ot
-the conditions of leaching which give maximum yield, and
whether maximum yield is compatible with greatest suitability
for making leather. In this latter connection will come up the
question of the nature of the non-tannins, when high and low,
so that we may know how they will behave under manufacturing
conditions in the tan-yard, whether they will develop acid, etc.
And we may ask in passing, Can the production of acid in the
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tan-yard be controlled? Can desirable acids be produced to the
exclusion of undesirable acids, or moulds?

But so far we have assumed that the rate of tanning depends
only on the tanning material, and we know that it is equally
dependent on the condition of the hide. This opens up the ques-
tion of handling hides in the beamhouse,—the place where the
tanner tells us the quality of his leather is made, and the place
which probably is the least under any sort of scientific control
of any department of the tannery. - The beamhouse processes
all need elucidation. What is the best method of soaking green-
salted or dry hides and why is it the best? What is the effect
of using water at different temperatures,—of using chemicals,—
of not removing the salt? Why do we get different results when
we use lime from those obtained when we use sulphide, or when
we use a mixture of the two? If we use a mixture, how should
it be made: by adding the sulphide to the lime while slaking, or
by adding the dissolved sulphide to the milk of lime? 'Does
this make any difference and, if so, why? What is the effect of
varying temperature,—of age,—of the presence of hide-decom-
position products? Should the hide be bated or acid-drenched, or
neither? What difference in the hide structure is caused by
these different factors and how do they affect rate of penetration
of tannin, leather yield and leather quality ? It is almost imma-
terial with what specific problem one starts, the whole field is
open, and definite information about fundamental causes which
will lead to an intelligent regulation of beamhouse procedure
under laboratory control is sadly needed.

I have propounded most of the above suggestions as relating
. more particularly to vegetable tanning; but it is probable that
an attempt at securing data, working out fundamental formulas,
etc., might better begin with the chrome process, where one at
least of the components, viz., the tanning material, is not so com-
plex.

In any research on questions like the above, utilization of all
the growing knowledge of physical and colloid chemistry will
be a necessity; but such utilization will certainly result in a
saving of time, if not a saving of mental effort. The paper by
Wilson and Kern on the action of neutral salts upon chrome
liquors seems an admirable illustration of what is possible, and
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the reasoning, based on the researches of Procter, by which
Coombs and McGlynn in their article on “Tanning in Acid
Liquors” in the March 15th issue of the Journal of the Society of
Chemical Industry* for 1918, explain the causation of a black
streak in the heart of their experimental leather is extremely in-
teresting, especially since the reasoning led to a removal of the
trouble.

In the letter above referred to from J. A. Wilson, he writes:
“As for the new Research Laboratory, I would suggest that the
chemist in charge be given a free hand to do such work as he may
see fit to bring out the fundamental principles underlying each of
the processes employed in making leather. The task may seem
enormous, but a good chemist, having nothing else to worry him,
should be able to make sufficient headway to make the undertak-
ing worth while. Such work may be branded with the much
abused term “theoretical,” but in my opinion it is immensely
practical.” Time and a process of education may be needed to
make the last sentence believable; but I am in hearty accord
with Wilson in his statement, and I sincerely hope that, whatever,
the work undertaken by the research laboratory, it may have
as its underlying thought, to get as close to basic causes and basic
laws as is humanly possible.

THE ACTION OF NEUTRAL SALTS UPON CHROME LIQUORS.
Arthur 11'. Thomas, Ph. D. and Mabel E. Baldwin, M. .

A study of the influence of neutral salts upon chrome liquors
by the electrometric method has revealed some very surprising
facts. It has indicated the existence of factors in the reaction of
chrome liquors which were previously unknown, and shows that
a knowledge of these factors is essential to a proper understand-
ing of the mechanism of chrome tanning.

Some previous work on the action of neutral salts upon chrome
liquors has been reported by Wilson and Kern.! Following the
ideas set forth in their paper the general plan of this work has
been, first to make a more detailed study of the influence of time
upon the hydrogen ion concentration of chrome liquors, some
results on which have already been given in an earlier paper.®

! This JOURNAL. 12, 445 (1917).
? This JoURNAL, 13, 192 (1918).
* This JOURNAL, 13, 255 (1918).



ACTION OF SALTS UPON CHROME LIQUORS 249

TABLE L—IxFLUENCE oF TiMg UroN THE HyprocEN Tox CONCENTRA-
TION OF A CHROME LIQUOR AFTER AppiTioN of Sopiusm CHLORIDE AND

DiruTiox.
Time +* Conc. hydrogen ion

hrs, min. Log. Cu moles per liter
10 3.00 0.00100
20 2.04 0.00115
30 ) 2.89 0.00129
10 285 0.00141
50 282 0.00151

I 00 2.79 0.00162 -
1 10 2.77 0.00170
1 20 2.75 0.00178
1 30 2.73 0.co186
1 10 2.72 0.00191
1 50 2.70 0.00200
2 00 2.70 0.00200
2 10 2.60 0.00204
2 20 2.69 ©.00204
2 30 2,68 0.00209
2 40 2.67 0.00214
2 30 2.66 0.00219
3 00 2.66 0.0021y
3 10 2.66 0.0021y
3 2 2.66 0.00219
3 30 2.66 0.0021¢)
3 40 2.66 0.00219
3 50 2.66 0.00219
4 co 2.66 0.00214
4 10 2.66 0.00210
4 30 266 ° 0.00219
4 30 2.67 0.00214
7 00 2.72 0.001G1
4} 20 2.75 0.00178
18 20 2.86 0.0013%
20 00 2.87 0.00133
23 2Q 2.00 0.00126
23 00 2.00 0.00126
28 40 291 . 0.00123
34 00 2,02 0.00120
46 00 2.06 0.00110
52 10 2,06 0.00110
57 40 2.96 0.00110
3 days 2.0 0.00110
15 days 2.06 0.00110

*Log. Cu -- means the logarithm of the concentration of hydrogen
ion.
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and then to determine the influence of the presence of neutral
salts upon the hydrogen ion concentration of the liquors.

In Table I are figures showing the progress of the change in
“actual acidity” (exact concentration of hydrogen ion) taking
place during the time required to reach equilibrium in a chrome
liquor after the addifion of sodium chloride and dilution. The
liquor was made by adding 5.846 grams of NaCl to 3 cc. of the
stock chrome liquor, then bringing the volume up to 50 cc. by
adding water, the final concentration of Cr,O, being 13.86 grams
per liter and NaCl, 2 molar. Determinations of the hydrogen ion
concentration were made every 10 minutes for 4 hours and then
at longer intervals for 3 days. From the curve, Fig. 1, it may be
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seen that, during the first 3 hours the “actual acidity” of the solu-
tion increased, during the fourth hour it reached a maximum,
and after that decreased at a much slower rate until after 3
days it reached equilibrium,

From these results it appears that there are two reactions tak-
ing place in the solution, one increasing the concentration of hy-
drogen ion, the other decreasing it, but with unequal velocities.
It is, therefore, evident that equilibrium in a chrome liquor is
not reached almost instantaneously as has been previously sup-
posed, but that the time factor is an important one to be con-
sidered in the chemical control of the chrome tanning process.

The data given in Table II and Fig. 2, show the influence of
neutral salts upon the actual concentration of hydrogen ion of
chrome liquors. The salts used in this investigation were NaCl,
NH,Cl, Na,SO,, MgSO,, and (NH,),,SO,. Series of solutian
were made by adding to equal amounts, of a stock chrome liquor
increasing amounts of the different salts then water to a definite
volume so that the resulting concentration of Cr,O, was 13.86
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grams per liter and the concentrations of salt M/4, M/2, M, 2M,
etc. In the case of NaCl the determinations of hydrogen ion
concentrations were made immediately and again after the so-
lutions had been standing for 15 days, while in the cases of the
other salts the concentrations of hydrogen ion were determined
only after 30 days.

The salts used were tested with indicators with the following

results:

NaCl....... .... Neutral to azolitmun,

Acid to azolitmun, neutral to methy! orange.
Neutral to azolitmun,
Neutral to azolitmun,

(I\H ):SO.. ... Acid to azolitmun, neutral to methy! orange.
| .
o Chrome Liquor
§ sa
': —T"| RS0 3 Zindicates precipitate
E‘ LU Y o> | X~ o frace of precipitate | __|
L 5 e
4
t 2.2 b !
P— [—
5 30 \\\
£ T —1 I NHeC)
S ‘\\ 'bCI (mlndlofoly)
[ |
§ 2 I~ NaCl(ather 16 daye)
24 .
i . T~ Chromium Sulphate Solution
*
é 20 \‘N,\\\\
1 I~~~
§' ‘e ~ \‘\\ NaCi(after 30days)
e [~ NJCI ln fc’

‘' Molar Concentration of Salt*
FIG. 2.

The stock chrome liquor, according to the analysis obtained
from Mr. Wilson, showed :

Ct:0. il 14.3 % by weight,
FeO.ovvvvvn ... 1.0 % by weight.
ALOs e, 0.2 ‘- by weight.
Total SOs......... 23.5 % by weight.
NaCl............. 0.4 % by weight.
Glucose. .......... None.

Specific gravity.... 1.628 at 80° F

Basicity, correspondmg to Cr(OH)n 3#(SO,os
The influence of NaCl upon the hydrogen ion concentration of
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a pure chromium sulphate solution was also studies and the re-
sults are given in Table II and Fig. 2.

TABLE IL.—EFfrrct ofF NrEuTRAL Sarts UroN THE CONCENTRATION OF
HyprocEN Iox oF CHROME LIQUORS.

CHROME LIQUOR.

Conc. Log.CH  Conc. hydrogen ion
salt immediately moles per liter
Sonivm CHLORIDE,

O 3.19 0.00004 No precipitate

M 3.10 0.00070 No precipitate
2M 3.00 0.00100 No precipitate
3M 2.92 0.00151 No precipitate
4M 281 0.00195 No precipitate
Conc. Log. CI Conc. hydrogen ion
salt  after 15 days moles per liter

SonteM CHILORIDE,

Q 3.33 0.00047 Precipitate

M 3.14 0.00072 Precipitate
2M 2.05 0.00112 Precipitate
3M 2.78 0.00166 No precipitate
A4M 2.62 0.00240 No precipitate
Conc. Log. Cu Conc. hydrogen ion
salt  after 30 days moles per liter

AMMONIUM CHLORIDE.

O 3.33 0.00047 Precipitate
2M 3.24 0.00057 Precipitate
3M 3.14 0.00072 No precipitate
aM 3.04 0.00091 No precipitate
sM 295 0.00112 No precipitate

SomuM SULPHATE.

. O - 333 0.00047 Precipitate
M/y 3.50 0.00020 Trace of precipitate
M/2 3.67 0.00022 No precipitate
M 3.58 0.00020 No precipitate

2M 3.51 0.00031 No precipitate
MAGNESIUM SULPHATE. )

O 3.33 0.00047 Precipitate

M/4 3.47 0.00034 Precipitate

M/2 3.40 0.00032 Trace of precipitate
M 3.46 0.00035 No precipitate
2M 3.36 0.00043 No precipitate

AMMONIUM SULPHATE.

O 3.33 0.00047 Precipitate
M/y 3.54 0.00020 Precipitate
M/2 3.60 0.00025 Precipitatc
M 3.68 0.00021 Trace of precipitate
2M 377 0.00017 No precipitate
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CHROMIUM SL"LPHATE SOLUTION.
Sontvm CHLORIDE.
Conc. Log. C:—l. Conc. hydrogen ion
salt immediately  moles per liter
(0] 2.43 0.00372
M 2.22 0.00603
2M 2.04 0.00012
3M 1.84 0.01446
aM 1.63 0.02344
Sonitvm CHLORIDE.
Conc. Log. C:{. Conc. hydrogen ion
salt  after 30days moles per liter
O 2.43 0.00468
M 2.28 0.00525
' 2M 213 0.007.41
3M .08 0.01047
a4M 1.33 0.01479
\
5 Sulphuric Acid....0.0005 N
P Nay SO
83 904
L. A
3’ “ 7
v s8 /
§ /
3
é S04
g 4.6
Q
3 *2 ,1
= L (WHee SO,
E
x a4
P——
- s e e i
NH,CI
~ 2.6 '\‘\ NOCI 3 |
L

Molar Concentration of Salt

FIG. 3.

In Table III and Figure III are the figures from similar ex-
periments in which the influence of NaCl, NH,Cl, (NH,).S0,,
and Na,SO, upon a pure. sulphuric acid solution was determined.
The sulphuric acid used was 0.0005 N.
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TABLE I1IL—FFrect of NEUTRAL Sarts UproN THE CONCENTRATION OF
HybproceN IoN oF SULPHURIC ACip, 0.0005 N.

Conc. +  Conc. hydrogen ion
salt lLog.Cu moles per liter

SonitM CHLORIDE.

O 3.50 0.00032
M 3.29 0.00051
2M 3.10 0.00079
3M 2,92 0.00120
4M 2.71 0.00195 -
AMmoNIUM CHLORIDE,
O 3.30 0.00032
2M 3.27 0.00054
3M 314 0.00072
4M 3.00 0.00100
sM 2.88 0.00132
AMMONIUM SULPHATE.
(@] 3.50 0.00032
M/4 4.00 0.00010
M/2 4.00 0.00010
M 4.00 0.00010
2M 4.00 0.c0010

SovivM SULPHATE.

(6] 3.50 0.00032
M/s 4.37 0.00004
M/2 5.10 0.000008
M 6.05 0.000000¢)
2M 6.02 0.00000012

In all three cases, namely those of stock chrome liquor, chrom-
ium sulphate solution, and sulphuric acid, the influence of the
presence of NaCl and NH,Cl was to increase the concentration
of Hydrogen ion, although the amount of total acid hydrogen re-
‘mained unaltered. Moreover, the increase in the concentration of
hydrogen ion was in direct proportion to the quantity of NaCl or
NH,CI added. This property of NaCl has been recorded before’
although no satisfactory explanation has yet been advanced.

The effect of the presence of Na,SO, and '(NH,),SO, upon
sulphuric acid solution is in agreement with the law of molecular
concentrations according to which the increased concentration of

3 Fales and Nelson. *‘The Effect of Sodium Chloride upon the Action of
Invertase.” Jour. Am. Chem. Soc., 37, 2769 (1915).
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sulphate ion favored the union of the hydrogen ion and sulphate
ion, thus diminishing the concentration of hydrogen ion.

In the case of chrome liquors, however, the influence of the
presence of sulphate is much more complicated.

As recorded in the tables precipitates settled out from some of
these solutions. The chrome liquor upon dilution with pure water
gave a precipitate in less than 24 hours, but when a neutral salt
was added the formation of a precipitate required a much longer
time and in some cases was not complete even after 30 days. The
presence of neutral salts therefore, retards the formation of a
precipitate and the larger the amount of salt the longer the time
required for the appearance of the precipitate.

Upon comparison of the hydrogen ion concentrations in the
range of precipitation it becomes evident that there is no definite
concentration of hydrogen ion at which precipitation begins.

In the light of these discoveries it is easy to expect that further
research will result in such improvement of the processes of
chrome tanning as to be of lasting benefit to the industry as a
whole.

We are indebted to A. F. Gallun & Sons Company, of Mil-
waukee, for their generous support of this research and to Mr.
John Arthur Wilson for his helpful suggestions.

LABORATORY OF CoLLOID CHEMISTRY,
Havemeyer Hall, Columbia University,
New York City, May, 1918.

’

TANNING IN ACID LIQUORS WITH COMPARATIVE TESTS.*
By F. 4. Coombs and 1IV. H. McGlynn.

These experiments were undertaken in the hope of throwing
some light on the value of acid’in tan liquors. The experimental
process, as related to hide-sections for comparative results, has
been described previously.! It will be noted that two experiments
were made with acetic and one with sulphuric acid. Each ex-
periment includes two tests and each test consists of two pairs
suitable for comparative purposes. All the tan liquors were pre-

*/.S. C I., March 15, 1918,
1/.8. C I., Feb,, 1917. This JOURNAL, May, 1917.
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pared from wattle bark and a normal and acid tannage was used
for each experiment.

" We have endeavored by a series of comparative tests to show
the difference between the results obtained with normal wattle
liquors and similar liquors with the addition of certain amounts
of acetic acid. The hide sections were prepared for the tan-
liquors in the way already described (loc. cit.). For the acid
tannage in the first two experiments, the natural acidity of the
wattle liquors was found by the lime-water test and was then
made up to the required concentrations by addition of acetic
acid. The difference between the acidity of the liquors in the nor-
mal and acid tannages will show the amount of acetic acid used
for the latter. _

The influence of acid on the quality of leather during the
process of tanning varies to a considerable extent according to
the acid used and its concentration at various stages. Generally it
may be said that tanners use acid to plump or swell the hide,
thereby obtaining a stouter and consequently a more valuable
leather. Our problem was one of determining its influence on
the quality of heavy leather.

Our experience teaches us that all skins in the pelt state re-
spond quickly to the plumping action of dilute solutions of var-
ious acids, but they do not respond to this action after they have
been tanned. Sheep pelts are tanned in weak solutions and fix
the minimum amount of tannin, but the resulting leather success-
fully resists the plumping action of acids. A neutral pelt is
soft and flabby, differing from the acid pelt, which is firmer and
stouter. The physical difference between the acid and neutral
pelt will be responsible for a difference between the qualities of
their respective leathers, providing they are fixed in the condition
described above and that tannin is the fixing agent.

It is generally recognized that a firm and stout leather is a
desirable result in the production of sole leather and, therefore,
within certain limits the best results from a monetary standpoint
will be obtained by fixing the pelt in the acid condition. A soft,
pliable leather will be the result when a neutral pelt is tanned in
liquors containing the minimum amount of acid; but when a
highly plumped acid pelt is placed in acid liquors capable of keep-
ing the pelt in its swollen condition, a harsh and brittle leather is
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produced, which, in extreme cases, will break like a biscuit. The
wear by friction will always be greater on a brittle than on. a
pliable leather and the most prominent factor in this physical
difference appears to be one of elasticity.

ACETIC ACID EXPERIMENT. No. 1.

First TEST.

Sections 2 and 5. Sections 1 and 6.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
3 &° 2.3 8° . 10
5 12° 2.8 12° 12
6 17° 3.1 17° 14
8 24° 5.1 24° 16
12 33° 7.2 33° 18
19 46° 0.5 46° 20
21 60° 9.9 60° 22

Skconp TEsT.

Sections 4 and 7. Sections 3 and 8.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
2 8° 3.1 8° 10
4 12° 4.3 12° 12
6 17° 5.3 17° 14
8 23° 7.1 23° 16
11 32° 9.0 32° 18
19 45° 7.7 45° 20
21 57° 9.0 57° 22

For the first experiment a pelt which had been declimed on
the surface with lactic acid was used. This pelt was placed in
the first tan liquor containing acetic acid and the tannin pene-
trated a certain distance into the hide, fixing a portion of the
fibers and producing a normal leather. At this stage about one-
fifth is tanned and the other four-fifths of the hide has fixed a
certain amount of acid. As the pelt moves forward through the
various tan-liquors their acidity is gradually increased and the
amount of acid fixed by the untanned portion of the hide also
increased until the tannin has penetrated through the hide.
Under normal Australian conditions the tannin takes from 3
to 4 weeks to penetrate into the center of the hide and, there-
fore, all the plumping must be done before the end of the fourth
week. The leather tanned in the acetic acid tan liquors (first ex- -
periment) had a dark streak of brittle fiber in the center of the

3



258 LEATHER CHEMISTS ASSOCIATION

hide and this brittle portion would represent that part which was
not tanned after the leather had been in the tan liquors for 2
weeks. At this stage we apparently had an acid concentration
capable of swelling the untanned portion of the hide beyond that
point at which harsh leather is produced, providing it is fixed in
this abnormal condition.

ACETIC ACID EXPERIMENT. No. 2.

First TEST.
Sections 2 and s. Sections 1 and 6.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
2 &° 3.2 8° 6.0
4 12° 4.3 12° 80
6 17° 4.3 ) 17° 10.0
9 23° 6.1 23° 12.0
13 32° 6.2 32° 18.0
21 45° 9.4 45° 20.0
22 58° 10.2 [ 2.0

Secoxn TEST.
Sections 4 and 7. Sections 3 and 8.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
2 8° 3.5 i 8° 6.0
4 12° 3.0 12° 8.0
6 17° 5.0 17° 10.0
9 23° 6.7 23° 12.0
12 32° 88 32° 18.0
21 45° 9.0 45° 20.0
22 38° 0.8 R 220

In dilute acid solutions the protein molecules of the hide com-
bine with the acid to form a highly ionizable salt, and under cer-
tain conditions the concentration of diffusible ions in the hide
is greater than the ionic concentration in the outer solution, which
leaves the osmotic forces in the two phases in an unbalanced
state and, as a result, the external solution is absorbed and the
hide begins to swell. These forces are described, by I’rocter and
Wilson, for gelatin as an outward pull where the increage in
volume is directly proportional to the pull. Now let the total
elongation of the hide fibers due to any outward pull be repre-
sented by a straight line AB. If the soft flaccid neutral pelt be
placed at A and the firm stout acid pelt at B, we will have a
scale for the total elongation between the neutral pelt at zero
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and the acid pelt at the elastic limit. Suppose we now take a
pelt swollen to g° and place it in a tan liquor with the required
acid concentration to keep it at that figure, then tannin would
fix the pelt and give it a permanent set at 9° elongation.

When these sections were placed in tan-liquors the outer por-
tions of the hide received a permanent set at a low figure, but
as the leather was moved forward into liquors with higher acid
concentrations, the figure for the permanent set would gradually
increase. In this case it would appear as if the permanent set for
the inner portion of the hide were too near the elastic limit for
the production of good leather. Working on this theory we re-
duced the amount of acid during the early stages of the tanning
process as shown in the second experiment, and the resulting
leather was free from this fault, which was constant for all the
acid leather from the first experiment.

Procter states that after the swelling has reached its dcfinite
value, it is unchanged at a constant temperature by further lapse
of time, providing that no change takes place in the acid con-
centration of the outer solution. Thus the total elongation for a
swollen pelt is directly related to this acid concentration, and if
it is desirable to have a permanent set at any particular point
on the scale for elongation, then the correct acid concentration
rmust be maintained in the outer solution.

We also give results for leather swollen with sulphuric acid.
The sections were treated in the usual manner before they reached
the tanning process and then one-half was placed in a sulphuric
acid solution for plumping purposes. It is not desirable to give
a permanent set to the grain or superficial surface of the corium
at a high elongation because this portion of the hide is the first
to crack if the process tends to a brittle leather; therefore, it is
the usual custom to allow the tannin to penetrate the grain of
the normal hide and then place it in the sulphuric acid solution.

Several experiments were carried out with pelt suspended in
acid solutions of varied concentrations, and we finally decided to
use an N/10 sulphuric acid solution for the first test in this
experiment. The pelt was placed in a tan liquor 8° barkometer
for 214 hours, at the end of which time the grain was perma-
nently set. The leather then went into N/10 and N/15 sulphuric
acid solution for first and second tests respectively, and was left
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overnight for a period of 17 hours. The remaining tanning proc-
ess was the same for these sections as for the normal process.
The sections were very firm when they came from the sulphuric
acid solution, and the increase in weight was 1 per cent. on the
lime-swollen pelt. They did not receive any lactic acid. The
penetration of the tannin proceeded less quickly with the sul-
phuric acid than with the normal leathers and while the acid
process gave the stouter leather, or greater dimensions as repre-
sented by a straight line piercing the leather at right angles to
the grain, it appeared to be the cause of a decrease in area. Thus
any increase in this direction would not be directly proportional
to the increase in volume.

SULPHURIC ACID EXPERIMENT.

FirsT TEST.
Sections 2and s. Sections 1 and 6.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
1 g° 2.5 8° 2.5
3 12° 2.6 12° 26
5 17° 33 17° 35
8 23° 5.6 23° 5.6
17 32° 6.2 32° 6.2
21 45° 87 45° 8.7
20 60° 106 60° 10.6

Skconp TEST.
Sections 4 and 7. Sections 3 and 8.

Normal wattle bark liquors.  Acid wattle bark liquors.

Days Barkometer  Lime-water Barkometer Lime-water
1 8° 2.7 8° 2.7
4 12° 3.0 12° 3.0
5 17° 5.7 17° 5.7
9 23° 56 23° 56
17 32° 6.8 32° 6.8
19 45° 9.0 45° 9.0
23 60° 1.4 60° 1.4

When the partially tanned pelt was removed from the sul-
phuric acid solution and placed in the tan liquors no attempt was
made to keep up the acid concentration in the outer solution. The
unstable collagen—sulphuric acid combination is hydrolized and
the acid diffuses into the outer solution, where a portion displaces
weak acids from those salts common to tan liquors. Under these
conditions most of the sulphuric acid is removed from the leather
at the end of the tanning process. Any sulphuric acid process, to
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be efficient, should not leave free sulphuric acid in the-dry leather.
This acid is used in quantities varying from 20 to 50 pounds for
50 hides, and the pelt swells to a considerable extent; but before
the whole of the hide is permanently set a large portion of the
acid will have been removed by the various tan liquors. With the
sulphuric acid process, the amount of acid fixed by the hide
reaches its maximum at the beginning of the tanning process,
and if the swollen fibers are exposed to the tannin solution by
cutting a piece off the hide, the cut surface appears to fix a large
amount of tannin, and changes to a deep red. If, however, the
conditions are such that the untanned portions of the fiber are
gradually giving up acid to the outer solution before they are
fixed by the tannin, the resulting leather is not a dark red color
providing sufficient acid diffuses out of the hide.

Procter and Wilson state that the rate of tanning will be a
maximum for a given concentration of liquor when the po-
tential differences are of opposite signs and the absolute value
of each is a maximum. We have found, that after the second
week, the acetic acid in the first experiment reached a certain
concentration in the untanned portion of the pelt, and as a direct
result an excess of tannin was fixed as indicated by the dark red
streak in the center of the hide. Under certain conditions the
same dark red color could be obtained with the sulphuric acid
leather. To obtain these results the differences in potential must
have reached its maximum for these experiments when the pelt
had fixed the maximum amount of acid. As the difference in
potential increases, the rate of penetration would appear to de-
crease, and it is probable that at a certain point, tannin is de-
posited on the fiber in sufficient quantities to form a barrier to
further penetration. )

We have seen sole leather with an untanned streak in the cen-
ter of the dark red leather and this was supposed to be due to
some abnormal state in the sulphuric acid process. As the tannin
diffuses into the hide it will choose the paths of least resistance
and diffuse along the less dense spaces between the fibers. These
spaces probably contain a weak solution of protein matter which
is precipitated by the tannin, leaving what are known as air
spaces in the dry leather. When the hide fibers swell under the
influence of acid solutions, the outward pull may be directly pro-
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portional to the increase in the volume of the individual fibers;
but in swelling they will tend to fill up any open spaces in the hide
and retard the penetration of the tannin. If there are open
spaces in the hide at this stage the outward pull (for a hide)
would not be directly proportional to its increased volume as
measured by external dimensions.

The amount of tannin fixed by a hide is proportional to the
concentration of tannin in the liquors. In the normal tanning
process the pelt is first placed in weak liquors. This was prob-
ably rendered necessary in the past because the hides contained a
considerable amount of lime when they reached the first tan-
liquors, and calcium tannate would be precipitated on the outer
portion of the leather, with a tendency to retard the penetration
of the tannin if strong liquors were used. The amount of tannin
and calcium tannate deposited would then be at the maximum.

Strong liquors on a neutral or slightly acid pelt are supposed
to give this undesirable result, which would be intensified with
the higher percentages of acid as used in these experiments. There
are several reasons for using weak liquors in the early stages
of the tanning process, but if there is any value in the theory
that an excess of tannin deposited on the fibers will retard pene-
tration to an appreciable extent, then strong tan-liquors should
not be used to fix the highly swollen sulphuric acid pelt in the
early stages. A sound definition of ‘“strong liquors” for the
various stages in the process of tanning is impossible without
another series of comparative tests to deal with this factor. Many
tanners, more especially those who use bark and do their own
leaching, would certainly start their hides in stronger liquors
providing the loss was not excessive when pumping away tail-
end liquors.

Our results for these experiments show that the amount of
fixed tannin (see degree of tannage) increases with the acid
processes, and from our water absorption tests we find that, as
further amounts of tannin are fixed on the leather, greater re-
sistance is offered to the penetration of water. The wear-resist-
ance of leather will be proportional to the mass, other factors
being equal, and as fixed tannin increases the mass this power
of resistance will be proportional to the fixed tannin. i the
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combination between hide substance and tannin be a chemical
one, then this portion of the leather is held together by cohesive
forces, differing from the total solubles which are held in the
leather by adhesive forces.

Both combined tannins in excess and water-solubles are cap-
able of adversely affecting the results by imparting to the leather
brittle qualities which will vary according to the tannins used.
In a hot, dry climate leather containing large amounts of fixed
tannins is inclined to become brittle or it loses some of its elastic
properties., The same leather might give general satisfaction in
Europe, where it retains that amount of water which is required
to keep it in a pliable state. As far as sole leather is concerned,
any brittle qualities which can be traced to any excess of com-
bined tannins will not adversely affect the wearing qualities, pro-
viding the leather contains sufficient fatty matter and water.

The water-soluble matter in leather is brittle or plastic accord-
ing to the amount of water it contains, and therefore, varies with
atmospheric changes, tending to a harsh, brittle leather in a dry
climate and offering very little resistance to the penetration of
water. Owing to its hygroscopic properties glucose is useful for
keeping a leather mellow or pliable during exposure to a high
temperature and low humidity, but these properties render it
extremely unsuitable in any climate for sole:leather which must,
at certain times, resist the penetration of water to a degree not at-
tainable with a leather containing glucose. Fatty matters make
leather pliable and enable it to offer great resistance to the pene-
tration of water. Fats, but not glucose, are the necessary con-
stituents of a good sole leather.

Riethof? states that sole leathers for the British and United
States Governments are allowed to contain 25-26 per cent. of
water-soluble matter. Temperature for extraction is not given.
As both these Governments are advised by experts we assume
that trained leather trade chemists are satisfied that this soluble
matter contributes to a considerable extent to the wear resistance
properties of sole leather. Water-solubles certainly increase the
mass and may contribute to this desirable result mentioned above
when they contain sufficient water to make them as plastic as
cobblers’ wax. There is very little evidence for and a good deal

? Hide and Leather, Jan. 5, 1918. This Journal, February, 1918.
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against these solubles having any value as a constituent of
leather.

Six duplicate tests were made in these experiments and a total
of twelve pairs for comparative purposes. The total solubles are
higher for the acid processes in eleven out of the twelve pairs. If
the combinationt between hide substance and tannin be perfectly
stable under conditions as laid down by the extraction process,
then the total solubles must be the residue from the tan liquors
held by capillary forces in the leather when it is hung up to
dry. The amount of soluble matter would depend on the volume
and concentration of the solubles in that tan liquor which is re-
tained by the leather under conditions mentioned above. The
slight difference in the thickness between the acid and normal
leather would not have any great influence on the amount of
soluble matter removed when the leather is washed. A glance at
the tanning process will show that the concentration of the liquor
remaining in the leather should be approximately constant for
each pair, so that we must now prove that the volume of the
liquor retained by capillary forces was greater for the acid leather,
or doubt must be felt as regards the stability of the combined
hide substance and tannin.

WATER ABSORPTION TEST.
DRy LEATHER = 100.

Tannage Acid Normal Acid Normal
Number 3 7 8 4
Acetic acid No. 1 62.5 744 811 103
Acetic acid No. 2 9 110 130 135%¢
Sulphuric acid No. 3 79.3 127 100.4 102%

The volume of the liquors will always be proportional to the
interspaces of the leather. The hide sections increase in weight
during the tanning process, but this increase is not equal to the
amount of combined tannin and total solubles, so the difference
must be due to water expelled from the leather. We find that a
greater percentage of water has been expelled from the acid
sections, and if the interspaces in the leather have decreased to a
corresponding amount we would expect to find it confirmed by
the water-absorption test. The amount of water absorbed is
lower for the acid sections and, therefore, we assume that the
volume of liquor held by the leather was proportionately lower
for the acid sections and consequently the total solubles should
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be lower. The percentage of non-tans in the total solubles is
lower for the acid leather in nine out of the twelve single tests, and
in this as in previous experiments we have noted the small per-
centage of non-tans in various leathers. Such a result may be
due to the non-tans decomposing much more quickly than the
tannin or it may be due to the hydrolysis of the leather.

We have shown the soluble tannins as a percentage on the
total tannins in the leather and in eleven out of the twelve the
results are higher for the acid tests. If it be possible to remove
the combined tannin with water, then these results seem to indi-
cate that as the fixed tannin increases, the stability of the com-
bined hide substance and tannin decreases.

The sulphuric acid plumped leather (first test) contained 0.57
per cent. of free sulphuric acid as shown by the Procter and
Searle method of analysis. This is a bad result from a practical
standpoint but we could probably have removed all the free sul-
phuric acid with sodium acetate or calcium carbonate used in
conjunction with the drum process. As the concentration of the
acid is increased in the pelt the resulting leather becomes harder
and more rigid, the elasticity decreases, the amount of fixed tan- -
nin increases, and also the resistance to the penetration of water.
From the commercial standpoint it is a desirable process, giving
greater weight and stouter leather, but under conditions obtaining
in a hot dry climate it is probable that the resistance to wear de-
creases.

The actual tanning process probably ceases when the fiber is
permanently set, a result obtained with a liquor containing a
low concentration of tannin. Any increase of tannin obtained
after that point is reached can only act as a filling agent and the
good results obtained from chrome sole leather show that there
are better filling agents than the vegetable tannins. A consider-
able amount of leather is struck through in the pits and then
placed in the drum to be filled up with extract, etc. The weak
point in this process is the filling agent. The tanner’s process is
a correct one but the material with which he is supplied is not
good. What is wanted is a substance insoluble in water and one
that will remain plastic when the leather is dry.

Our work confirms some of the previous results obtained by
J. R. Blockey.
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THE SWELLING OF GELATIN.*
By Hugh Garner Bennett, M. Sc.

In recent years, 1911-1917, a series of papers by rof. H. R.
Procter have appeared on this subject, accounting for the swell-
ing of gelatin in dilute acids as due simply to the establishment of
an equilibrium of osmotic pressures, the pressure causing swelling
being due to the union of a strongly ionized salt within the jelly,
formed by the combination of the acid with basic groups of the
welatin molecule. Now the experimental facts are not in dispute,
and the vast amount of experimental data provided by Prof.
Procter are a most valuable addition to our knowledge. In re-
gard to the interpretation of these facts, however, there is per-
haps room both for discussion and divergence of view. Indeed
Prof. Procter has himself recognized® that there were alternative
theories possible, and he adopted the chemical combination— ion-
ization—osmotic pressure hypothesis largely on account of its
sufficiency and simplicity as compared with the “more compli-
cated and less verified theories depending on surface “tension and
other forces, and involying the unproved and rather gratuitous
assumption of a two-phased structure of the jelly.”

Now it is precisely this alternative theory that the author
wishes in this paper to elaborate and defend. Whether it is less
or more complicated than the osmotic pressure theory is doubt-
ful, but in either case this has little relevance to its truth.
Whether the theories involved are less verified than the ioniza-
tion theory is also open to dispute, though the dispute is beyond
the intention of the present paper. Inasmuch as the whole fabric
of modern chemistry of the colloid state depends upon the idea
of heterogeneity in colloid sols and gels, the dismissal of this
theory as an “unproved and -gratuitous assumption” seems a very
sweeping condemnation of the views and work of many eminent
chemists. Moreover, as Prof. Procter is constrained to admit
the two-phased structure of other colloids, or other gels (loc. cit.
P. 327), and even of the melted gelatin jelly (loc. cit. p. 324),
it would seem rather that the one-phased theory was the gratui-
tous assumption.

*J1.S. L.T. C., February, 1918.
' J. C. S., 1914, Trans., 313. This JouRNAL, May, 1914.
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It is not questioned that. on the assumptions made by Prof.
Procter, his explanation is “consistent with” the facts, but it is
suggested that the alternative theory, so definitely ‘“discarded,”
is equally consistent with the facts, and is entitled to a hearing.
Indeed this alternative view—more complicated, less verified, un-
proved and gratuitous though it may be—is now widely accepted
as the theoretical basis of most work on colloid chemistry, and
appears to be the only generalization which reasonably correlates
the facts of colloid behavior. If this alternative theory then,
should present a better prospect of harmony with the general phe-
nomena of imbibition in gels, such as gels which are not proteins
(e. g., the carbohydrate agar-agar), and the gels which swell in
liquids other than water (e. g., rubber in ether or pyroxylin in
alcohol), it is the more entitled to serious consideration. It is the
object of this paper to present briefly this discarded alternative,
and to advocate its claim to account for the phenomena associated
‘with the swelling of gelatin.

The point of view here adopted, therefore, is that a gelatin jelly
is a two-phased structure quite analogous to that now generally
supposed for all colloid sols and gels, involving a “disperse
phase” of minute particles distributed throughout the “dispersion
medium” or “‘continuous phase,” that it is a lyophile system, 1. e.,
has a marked affinity between the two phases, and that the swell-
ing and contraction of the gel is due mainly to two influences
(1) the lyotrope influence of substances in the external solution,
which after diffusion into the gel, cause changes in the compres-
sion of the dispersion medium, and (2) the adsorption by the dis-
perse phase of electrically charged ions.

1. Tug CoMmprEssION oF THE CONTINUOUS PliASE.

Owing to the contractile force of surface tension, it is con-
cluded that the surface layer of a liquid is under very great
pressure, much greater than the bulk of the liquid. Any ex-
tension of the surface of the liquid naturally .causes a corre-
sponding extension of the proportion of liquid which is thus com-
pressed. If in a beaker of water there be placed a porous sub-
stance, such as animal charcoal, there is a great extension of the
surface of the water, and a corresponding increase in the amount
of compressed water. If instead there be substituted a large

-
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number of very small particles of a substance, a still further in-
crease in the amount of compressed water is involved. As the
specific surface (i. e., surface area per unit volume) of the sub-
stance inserted is increased, and its amount, the proportion of
compressed and denser water increases also, until it is a practically
appreciable percentage of the total volume. It is clear also that
the extent of the zone of compression will be determined also by
the interfacial tension, i. e., by the nature of the substance with
which the water is in contact at its surface.

Now in a gelatin sol we have the necessary conditions for a
system in which the compressed water bears a considerable ratio
to the total, owing to the enormous surface.developed by the
minute particles of the disperse phase and to the unusually wide
zone of compression surrbunding each particle. It should be
pointed out that these zones of compression do not involve any
abrupt transition from the zone of non-compression, the layer
nearest the particle is under the greatest pressure, and the con-’
centric layers under less and less pressures, the actual compres-
sion being thus an inverse function of the distance from the
particle. Now if there be a gradual increase in the concentra-
tion of the sol, the time will come when these zones of compres-
sion begin to come in contact, and the system will then show a
considerably increased viscosity. With further increase in con-
centration the zones of compression will overlap throughout the
system, and when the layers under considerable pressure are
thus continuous the whole system will acquire a rigidity much
greater than water and approaching that of a solid body. This
is a gelatin jelly. With increasing concentration the jelly be-
comes increasingly rigid, and if it be eventually dried out under
suitable conditions it forms what is practically solid body—gela-
tin—which, however, still contains from 12 to 18 per cent. of
water.

It will be clear that, in the case of gelatin jellies ( e. g., of
3-10 per cent. strength), an increase in temperature will cause an
increase ‘in the kinetic energy of the particles and effectively re-
duce the zones of compression. Indeed they may be reduced to
such an extent that they are no longer in contact and the rigidity
due to the continuous contact of the layers of great compression
will then disappear, as we say usually, the jelly melts. On cool-

-
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ing, the decreased kinetic energy of the water molecules results
in_the return of the state of compression, with rapidly increasing
viscosity and eventual gelation; as we say usually the jelly sets.
In a jelly therefore, there is a continuous network of water
under great compression. and in this network are zones of- still
greater compression, which surround the particles of the dis-
perse phase—the gelatin itself, and zones of less compression
which in a weak gel, at any rate, have a compression equal to
or much the same as the normal state of compression in water.

One consequence of this system, is that when a piece of gela-
tin swells, there is a considerable enlargement in the zones of
compression ; in other words some, at least, of the imbibed water
is compressed. Now the compression of water means that work
is done, and when gelatin swells, therefore, we expect—and actu-
ally find—that heat is liberated. Hence also we expect—and find
—that gelatin swells best in cold water. Further, the compres-
sion of water involves a decrease in volume, and we therefore ex-
pect—and actually find—that the volume of the swollen jelly is
appreciably less than the volume of gelatin plus the volume of
water imbibed.

Another consequence of such a compressed system is that a
gelatin jelly even in water, will have a surface tension, just as
the water itself has such a tension, to the water vapor above the
liquid. This interfacial tension of the jelly will of course have a
contractile effect, and will tend to resist swelling and to limit it
as far as it possibly can. This force tending to contract the
jelly and resist imbibition is therefore, one of the main influences
at work in the swelling of gelatin, and is one of the two principal
factors which determine the extent of the maximum swelling
when equilibrium is established. The force tending to resist
swelling is, in the ultimate, just surface tension. Its actual mag-
nitude depends, of course, mainly upon the extent of compression
in the dispersion medium of the gel, and will be a resultant which
is a function of this compression. The magnitude will thus vary
with the average compression in the continuous network of com-
pressed water. It will be obvious that as the jelly swells the
power of resisting the swelling will decrease, and the interfacial
tension with the external water will tend to disappear. If the
force tending to swell were great enough the swelling would

4
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continue until the zones of compression were no longer in con-
tact and the gel would become sol.

As suggested above, it is probable that the extent of the zones
of compression is determined by another factor in addition to
the great development of surface. That factor is connected if not
identical with that power which makes the system lyophile, and
is evidently connected also with the solubility of the disperse
phase, and may indeed be electro-chemical forces tending te form
a series of hydrates, or at least to cause an orientation or definite
arrangements of the water molecules in the zone of compression.
This idea receives some support from the hydrate theory of so-
lution, and the zones of compression and orientation are the col-
loid analogue of the hydrates supposed to exist in solutions of
electrolytes. The extension of such zones on cooling are then
analogous with the series of hydrates formed, for instance, by
manganese chloride with 2, 4, 6, 11, or 12 molecules of water
when crystallized at temperatures of 20°, 15°, —21°, —30°, and
—48° C. respectively the idea being that the salts most hydrated
in solution ctystallize with most water.

As the compression is the result of two factors, one of which
depends upon the nature of the disperse phase, we expect—and
find—in other lyophile systems a considerable variation in their
power of gelation. Some indeed, though very viscous, never
quite set like gelatin, and others (e. g., agar-agar) set to a stiff gel
from a much weaker sol than gelatin. When the zones of com-
pression are large, as in gelatin, the magnitude of the compressing
force on the outermost part of the zone is relatively small and it
is not surprising that time is necessary for the victory of this
force over the kinetic energy of the water molecules. Hence we
find a g per cent. jelly sets readily on cooling, but its elasticity
increases steadily for many hours after it has set. This phenome-
non, known as hysteresis, we should expect—and find—to be
much more marked in a case where the zone of compression is
unusually large (€. g., an agar gel). We should also expect—
and find—that hysteresis is more marked in a high grade gelatin
than in a low-grade gelatin where both eventually form gels of
equal elasticity. \We should expect too—and we find—that hys-
teresis is more prominent in weak gels than in strong.

There are also other facts and considerations -which have an
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important bearing upon the point under discussion. It is neces-
sary ultimately to regard true solutions of electrolytes and other
bodies as heterogeneous, though perhaps of a rather different
order. From this point of view molecules and ions existing in
an aqueous solution will present a surface and have associated
zones of compression analogous with those suggested for the
minute particles of gelatin. Hence we expect—and actually
find—that in all cases aqueous solutions are less compressible
than pure water, and that these solutions have surface tensions
greater than that of water. Similarly such solutions have usually
a greater viscosity than pure water. Now if the various sub-
stances are arranged in order of their influence on the numerical
values of these various physical properties of water, the sequence
is the same for each of these properties. Moreover, we find that
in a large number of reactions in solutions, which are markedly
influenced by the presence of foreign substances, the same se-
quence is observed; especially is this the case for hydrolytic ac-
tions, such as the inversion of cane sugar and the hydrolysis of
esters. This sequence, known as the lyotrope series, has also a
very prominent effect in influencing the behavior of the lyo-
phile colloids, and the importance of this lyotrope influence in
leather manufacture has been emphasized in a previous communi-
cation.! Now the swelling of gelatin (and other gels) is most
profoundly influenced by the presence of substances in the ex-
ternal solution, and in the case of neutral substances the order of
their effect is lyotrope. From the point of view adopted in this
paper, this is only to be expected. If a gel comprise a continuous
zone or network of compressed water, as suggested above, the
presence of other substances in the gel which cause increases or
decreases in the compression must modify accordingly the prop-
erties which depend upon this state of compression, such as the
viscosity of the melted gel, the rate of gelation, the elasticity of
the gel, and the rate and extent of its imbibition. This indeed we
find to be the case. Now the substances which affect the com-
pressibility, surface tension, etc., of water least, i. e., the sub-
stances producing little or no compression of water, are just
those which reduce the compression of water in a gelatin jelly,
and cause a decreased viscosity, elasticity, surface tet\sion, etc.,

t]. S, L. T. C, Nov. and Dec., 1917. This Jour., March, 1918.
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and which, therefore, naturally allow the gel to swell more than
in pure water. Conversely, the substances which cause the great-
est compression of water, the greatest increase in its surface ten-
sion and viscosity, are also the substances which increase the
compression, viscosity, elasticity, and surface tension of gels, and
which therefore, hinder imbibition. The effect on swelling is as
follows :— ‘

Sodium-sulphate > tartrate>> citrate > acetate ; >>alcohol >
glucose>cane sugar ; (water) chlorides-potassium < sodium <
ammonium ; < sodium-chlorate < nitrate < bromide < iodide <
thiocyanate.

As the amount of compression will depend upon the amount of
substance, we expect—and find—that the effect is usually addi-
tive, and that suitable mixtures of substances having an effect
in the opposite sense will produce no change.

The interpretation of lyotrope influence is of course somewhat
speculative, but considered as a surface phenomenon, the sur-
face specific of the molecules and ions of the lyotrope substance
must be one of the factors involved. One naturally also con-
nects the effect with solubility and the tendency to form hydrates
in solution, the zones of compression being zones of orientation
and of electro-chemical attraction. The hydrate theory of solu-
tion again affords an instructive commentary. The fact that
broadly speaking the polyvalent anions and the monovalent anions
also group themselves together, suggests that electrical forces
are at work, and the order of effect of monovalent anions al-
most suggests that. what are called “residual valencies” are in
operation. It is difficult to resist the conclusion that in the lyo-
trope influence, in the crystallizing of salts, and in the formation
of a gel, we have zones of compression and orientation which are
manifestations of the same forces—surface and electrical; the
chief differences in the case of gelatin being that the zones are
larger and that the electrical effect is of less definite magnitude.

However these things may be, the fact of water compression
determines the rigidity of the gel, and the changes in this com-
pression of the continuous phase determine the surface tension
resultant which hinders swelling, and which is one of the two
main factors fixing both the rate at which yelatin swells, and the
final volume attained by the gel.
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Before leaving this point, it is desirable to note the effect on
the swelling of gelatin of the extremes of this lyotrope influence.
Substances like iodides, thiocyanates and urea prevent a gelatin
sol from setting to a gel at all, and a piece of gelatin in such
solutions swells rapidly until it solates. On the other hand, sul-
phates, tartrates, etc., make a stiffer gel on account of the en-
hanced compression. Gelatin in such solutions may swell, but
at a much slower rate than in water and with a decreased maxi-
mum extent. A gelatin gel may in such solutions not only fail
to swell at all, but actually contract and indeed be practically de-
hydrated. If a gel be in a very concentrated solution of such
a substance, it may be that the lyotrope compression in the ex-
ternal solution is greater than the compression in the dispersion
medium of the gel; in which case the surface tension effect is re-
versed, and the external solution tends to increase in volume and
the gel to contract. Hence we find that the saturated solutions of
such substances as ammonium sulphate and potassium carbonate
will dehydrate a gel almost completely, and will also, by a similar
action on pelt, make a kind of white leather. It is important to
remember this contractile effect of strong solutions of salts, be-
cause in considering our present problem it is very easy to con-
fuse this effect with a similar result produced in another manner,
viz., by a reduction of the force tending to swell.

2. ADSORPTION BY THE DISPERSE PHASE.

In a previous communication,® the view was adopted that a
gelatin gel (or hide gel) possessed an electric charge as a re-
sult of the adsorption of electrically charged ions by the particles
of the disperse phase. The enormous specific surface possessed
by this phase renders it particularly liable to such adsorption.
This view harmonizes well also with the general behavior of
colloid sols and gels, in endosmosis, kataphoresis, precipitation,
etc. According to this point of view the particles of the disperse
phase are surrounded by a surface layer in which thse ions are
in much greater concentration than in the volume concentra-
tion of the dispersion medium. The hydrion and hydroxyl ion
are particularly liable to such adsorption. In the case of a lyo-
phile colloid, like gelatin, the charge may be either positive or
negative, according to the nature of the predominant ions in the

1/.S. L. T. C. Dec., 1917. This Jour., March, 1918.
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dispersion medium, and the amount of adsorption is determined
by the concentration of these ions in accordance with the adsorp-
tion law.

In effect, therefore, the particles of the disperse phase each
carry an electric charge of the same nature, and as similarly
charged bodies repel one another, the particles of the disperse
phase will tend to separate and to occupy a bigger volume. [t
is suggested that this repulsion of similarly charged particles is
the cause of the swelling of gelatin. The amount of charge and
force—tending to swell—is due possibly to several ionic adsorp-
tions, which may be considered to operate independently, and the
power of repulsion is determined by the net charge, which in the
case of a “positive colloid” is positive, and in the case of a
‘“negative colloid” is negative. As ions possess different electric
charges, the charge on the disperse phase is subject to the valency
rule.

Now the repulsive force between two similar and similarly
charged bodies is proportional to the amount of charge and is
inversely proportional to the square of the distance between them.
The amount of charge on a colloid particle will be determined by
the dispersity—best signified by the specific surface (s)— and

kS
by the operation of the adsorption law y = mac®. The distance
between the particles varies with the degree of swelling, and is
determined by the cube root of the volume of the gel (v). Hence
if F be the force tending to make the gelatin swell, we may write
0 sy
Now with all electrolytes, even with water, we have both posi-
tively and negatively charged ions and y.is consequently deter-
mined by the difference in- the amounts adsorbed. Hence in the
case of an electrolyte with an equal number of oppositely charged
4 1

ions y = ma' ¢"* mac"™ , where a,, a,, and n,, n, are the ap-
propriate constants for the particular ions concerned. Hence
at constant temperature, pressure, etc., we may write

ES 4
Fzsm(a,c"—a,c")
vs

The force tending to make a piece of gelatin swell is proportional
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to its mass, which is perhaps fairly obvious. The swelling force
is also an inverse function of the volume of the gel, and as
swelling proceeds, therefore, the force tending to swell further de-
creases. The force tending to swell is proportional to the specific
surface of the disperse phase, other factors being constant. To
illustrate this one has only to imagine that one particle of the
disperse phase be split into two particles each carrying half the
original charge. It is clear that a new repulsive force becomes
operative, which did not before influence the swelling, and that
the distance between the particles is halved. In the swelling of
gelatin, however, we may consider the dispersity constant for
constant temperature, and if we consider unit mass we see that
the force causing swelling depends upon the operation of the
adsorption law and upon the degree to which the gel is already
swollen.

In the swelling of (say) 1 gram of gelatin to its maximum,
both the contractile force of surface tension and the expanding
force of electrical repulsion are in operation. At the commence-
ment the latter is much the greater force—hence the rapid imbi-
bition. Both these forces decrease in magnitude as the swelling
proceeds, but the force tending to swell decreases at a more
rapid rate, and the time comes when it has decreased to the pre-
cise value of the force tending to resist swelling. At this point
equilibrium is established and the maximum swelling attained.
Obviously this maximum will in many cases be determined

1 4
largely by the value of a,* — a,". This factor, therefore,
demands particular consideration.

Now unfortunately, the adsorption law constants for the dif-
ferent ions have not yet been numerically determined, so that we
are still somewhat in the dark as to the operation of ionic ad-
sorptions. It is possible, however, to form conclusions of a qual-
itative or relative order, and these are such as to throw much
light upon the question at issue. In the first place we know that
in general the various ions are not usually very widely different in
the extent to which they are liable to be adsorbed. If this were
otherwise, the valency rule would hardly operate so well in end-
osmosis, kataphoresis, and precipitation. In consequence we
must expect the differences between the ions to appear in small
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rather than in large concentrations, the amounts adsorbed being
under those conditions more affected by changes in the volume
concentration. At the larger concentrations, therefore, the value

1 RS
of ac™ — a,™ is small, and the force causing swelling often
tends to zero.

There are, however, noticeable differences at lower concentra-
tions. Thus we know that if a substance be primarily a positive
colloid, it will adsorb kations more readily than anions. As gela-
tin falls into this class we may, therefore, conclude that usually
a, > a,. Further, it often happens that very adsorbable substances
are less affected by concentration changes, and in the case under
consideration, therefore, we should expect that », > »,. More-
over, we know that the hydrion and hydroxyl ion are much more
readily adsorbed than other ions, i. e., have a large value for a.

1 1

Hence in the case of gelatin we expect that a,c" — a,c™ will
have a comparatively large value when one of the ions is H+
or OH—. Also we know that organic anions are usually much
more strongly adsorbed than inorganic anions. and hence that in
such cases a, is more nearly approached by the value of a,. It
should be emphasized perhaps, at this point that these various
considerations are not based upon any facts relating to the phe-
nomena of imbibition in gels, or in gelatin in particular, but are
based upon the behavior of colloids in endosmosis, kataphoresis,
electrolytic precipitation, adsorption, etc.

Now if we select a few simple figures which are in accord with
the above considerations, we can examine the value of the factor

kS 4
ac" — a,c™ in a purely illustrative and typical way, -and at
any rate form some idea as to the manner in which it is likely
to vary. The figures might be:—

Ion ” a
Hydrion or hydroxylion........ 20 10
Kation of ametal.c.ccvevnenn... 15 7
Organic ANIONeeceeeceocnesonnns 10 8
Inorganic anion ......... e e 6 6

For the sake of simplicity we can assume that these ions are
all monovalent. The ions adsorbed by unit mass will then be
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1001 /20, etc. If these hypothetical adsorption isotherms be plot-
ted as usual, we get the fairly typical curves shown in Fig. 1.

Fie. I

o /0 20 C 3o 40 So

Now in practice there are always two of these ions, each giving
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its own specific effect in opposite senses, and the difference

4 kS
(a — a,c") represents the net charge adsorbed. Hence we
have the following combinations: —
Inorganicacid - -voenveeneiein i aa.L, 10C 1,y — 6C Yy
Organicacid - -cceeevveeneienennnennnns 10C 1,y — 8C Y
Alkali ceeeennceiianniaaa, ceeesceeneen 10C Y, — 7C 144
Inorganicsalt......ocoviineieiienaaa, 7C 1,5 — 6C Y

If we plot these values of net adsorption against the concen-
tration we obtain the curves shown in Fig. 2.

On the assumption that the net charge adsorbed is the dominant
factor in determining the maximum swelling at equilibrium, one
must, therefore, regard the curves of Fig. 2 as representing
the changes in volume of the swollen gel as the concentration is
increased. Now in type these curves correspond to those ob-
tained by experiment from hydrochloric acid, acetic acid, caustic
soda, and common salt. The maximum swelling with hydro-
chloric acid increases rapidly with the concentration at first and
then rapidly decreases, though not at such a great rate. The
swelling with acetic acid increases less rapidly and to a less max-
imum, but decreases more slowly. With common salt there is
a slight swelling followed by contraction. Caustic soda gives a
rapid increase in volume at first, afterwards much less so, and
finally yields an exceedingly slow decrease. The correspondence
of these facts with the type-curves inevitably suggests that the
phenomenon of swelling might be accounted for, in part at least,
" along these lines.

Of course it is not likely that the simple figures selected for
‘the illustration of the argument are either relatively or absolutely
correct. Thus we know that the adsorption curve for hydrions
and hydroxylions are not likely to be quite identical, as assumed
above. As gelatin is primarily slightly positive, it is probable
that the values of @ and of n for hydrion adsorption will be rela-
tively slightly greater. The relative values supposed, however,
are near enough to illustrate the contention that the type of the
maximum volume curve can be explained on this assumption of
different adsorption isotherms for each of the ions.

If the remarks in Section I on the compression of the contin-
uous phase be recalled, it will be obvious that in the present sec-
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tion we have been giving the question of equilibrium-volume a
rather one-sided consideration. The volume of the gel when
equilibrium is established may be determined in type by the net
charge adsorbed by the disperse phase, but it will be modified
also by the lyotrope influence of the particular substance on the
continuous phase. \When gelatin swells in solutions the influences
on both phases are always in operation, and either upon occasion
may become predominant. In the case of neutral organic sub-
stances, such as cane-sugar, the lyotrope influence is the determ-
ining factor. In the case of neutral salts the predominant in-
fluence is decided by the place occupied by the salts in the lyo-
trope series. If at either end of the series the lyotrope influence
is uppermost and the effect of ionic adsorptions is practically
swamped. Thus sodium sulphate and sodium iodide hinder and
promote imbibition respectively as could be expected from their
strong lyotrope power. On the other hand, in the case of sodium
chloride, which has very feeble lyotrope influence, the relatively
different adsorptions of its ions comes to the fore. With acids
and alkalies the relatively large adsorption of the hydrion and
hydroxylion causes this to be the predominant influence, but
we must concede the possibility that purely lyotrope influences
may be at work in some cases, and especially at the greater con-
centrations. Indeed it is sometimes a difficult problein to decide
#hether an increase or decrease in swelling is due to lyotrope or
adsorptive influence, but broadly speaking, we can expect strong
lyotrope effects at either end of the series and also at large con-
centrations, and we can expect strong adsorptive effects in dilute
solutions, in_the middle of the lyotrope series and in the case of
alkalies and acids.

DiscussioN.—Having reached the conclusion that the swelling
of gelatin is mainly influenced by changes in the compression of
the water of the continuous phase, and by changes in the ad-
sorption of ions by the disperse phase, it is both interesting and
instructive to make comparison with the alternative theory ad-
vanced with such power by Prof. Procter. In doing so there ap-
pear many more points of contact and approximate agreement
that would at first sight be expected from such different assump-
tions. :

In the first place there is the common idea that the gel has
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a network structure. Prof. Procter suggests that it is a network
of gelatin, while herein it is suggested that the network is com-
pressed water. In this connection it is interesting to bear in
mind that theory of lyophile colloids which considers each com-
ponent to exist in both phases, i. e., that a gelatin sol or gel con-
sists of globules of a concentrated solution of gelatin dispersed in
a weaker solution of gelatin. On this view the network must con-
sist both of water and of gelatin.

In the second place there is a full agreement between the
two alternative views as to the magnitude of force causing swell-
ing. Herein that force is ascribed (in dilute acids) to the ex-
cess positive charge due to the greater adsorption of the hydrion,
which caused the gelatin particles to repel one another. Prof.
Procter ascribes the force to the osmotic pressure of the acid
anion. While there is here perhaps a radical difference, it is
noteworthy that the electric charges involved, though of oppo-
site sign, are equal in magnitude.

In respect of the force resisting swelling there seems little
point of contact. The author has found it somewhat difficult to
realize what this force is, according to Prof. Procter’s view, but
it is evidently something quite different from what is herein sug-
gested inasmuch as it increases with the swelling according to
Hooke's law, whereas from the writer’s point of view it decreases
with the swelling according to the interfacial tension between gel
and external solution.

In regard to the question as to whether the gelatin “chemically
combines” with or ‘“adsorbs” the acid of the external solution,
little ink need be spilled. Between a chemical combination which
is slightly hydrolyzed in dilute solution and an adsorption in which
the values for a and n is large, the difference is practically speak-
ing small. Adsorptions cannot be always due solely and entirely
to surface tension considerations, electro-chemical attractions must
in some cases also come into play, and if so, @ and n will be large.
It is very possible that gelatin is such a case and that Prof.
Procter has discovered one of the connecting links between ad-
sorption and chemical combination.

There remains the question of the one or two-phased structure
of the system. After all, homogeneous and heterogeneous are rel-
ative terms. Colloid sols are more heterogeneous and solutions
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are more homogeneous. Strictly speaking, both are ultimately
heterogeneous, but if lyophile colloids are chiefly amicrons, which
seems probable, then the difference between the two views now
being discussed is just this: that it is herein suggested that the
disperse phase consists of particles with a diameter of the order
of 10-7 centimeters, and that Prof. Procter suggests molecules
with a diameter of the order of 10-* centimeters, but possibly
polymerized.

Whichever of the two views discussed above, proves eventu-
ally to be the more fruitful, it is the hope of the writer that the
discussion will to some extent contribute to the hammering out
of the truth. In problems so difficult and yet so important there
seems room for more than one method of attack.

THE SWELLING OF GELATIN.*—(A REPLY.)
By Henry R. Procter.

I have carefully gone through Mr. Bennett’s paper! with a
view to friendly criticism, but find it very difficult to know what
to reply to. We have attempted (and successfully as Bennett
himself admits) to devise a theory of the swelling of gelatin
with acids and bases on the well-established and fundamental
grounds of osmotic pressure, the mass-law and ionic dissociation,
while he prefers one based on “adsorption,” “lyophi!,” “lyo-
phobe,” and “lyotrope” substances, terms which he does not pro-
fess to define or explain by known chemical and physical causes.
It is of course easy to account for anything by the assumption
of sufficient unknown properties (witness the services of “vital
force”), but the invention of pretty Greek words does not ex-
plain anything, or carry us much further in really scientific
knowledge. It is also much easier to produce plausible qualita-
tive hypotheses than to define them in mathematical formulae
which can be numerically tested and which embrace all the known
phenomena of -the particular reaction.

With regard to Bennett’s claim that gelatin jellies and sols are
two-phased systems (emulsion-colloids), there is no need to
waste many words, since it is merely a question of size of par-

*/J.S. L. T.C. March, 1918.
1J.S. L. T. C. February, 1918 ; This JOURNAL, June, 1918.
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ticles. In a sense, everything is two-phased or many-phased;
globules are'made up of molecules, molecules of ions, and ions
of electrons, but according to the original phase-rule definition,
phases are things which can be mechanically separated. Even
the ultra-microscope gives no proof of mechanical structuré in
a gelatin gel or sol, and all that we claim is that the particles
are so small that they come within the range of chemical and
molecular attractions, and hence are capable of chemical reac-
tions. )

Against one statement, however, I must raise energetic pro-
test. though I know that Bennett is supported by respectable text-
book authorities. Surface-tension is not the cause, but a relatively
small effect of the enormous internal pressures of liquids due to
molecular attraction; and far from the surface layer being a
region of compression, it is one of tension and lessened density.
There is every reason to believe that the boundary between a
liquid and its superincumbent gas or vapor is not an abrupt one,
but a gradual transition through a very thin layer of that “crit-
ical” state which lies between the liquid and the gas. Internal
pressures differ from those in the interior of the earth mainly
because molecular attractions, however intense, are of short range,
and diminish much more rapidly than that of gravitation, but
the principles are the same. A stone on the surface of the earth
is drawn downwards with its maximum weight, but subject to

- no superincumbent pressure. In the center it would suffer enor-
mous pressure, and great increase of density, but would have no
weight. Equally, the attraction drawing a molecule inwards is
at a maximum on the surface, but as it suffers no pressure from
without, its compression is at a minimum.

This statement, however, refers solely to the true surface, and
an interface of contact with a solid or another liquid is under
different conditions. WWhere the attraction of the molecules of
each liquid for the other is less than for its own. a surface is
still formed, but with a lessened tension, since a part of the at-
traction is exerted on the molecules of the secong liquid instead
of being wholly resolved in the plane of the surface. If the
mutual attractions are equal to or greater than the individual
ones, complete mixture or solution takes place. At the inter-
faces with insoluble solids, mixture cannot take place, but the
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surface tension of the liquid may become negative and tend to
extend instead of contract, as for instance paraffin oil does on
metals. No known means exist of measuring either the surface-
tensions of solids, or their mutual tensions with liquids, but it may
be inferred that the former are very high, and the latter often
negative. How this may affect the Willard-Gibbs theory of ad-
sorption I have never seen discussed, but it may account for
some of the so-called “anomalous” adsorptions, though others are
probably chemical or electrical. On the other hand the inter-
facial tension between a gelatin gel and a weaker gelatin sol is
possibly nil, and necessarily very small, so that any seriously con-
densed zone between them is very improbable, and evn if it
existed would hardly account for rigidity, as no experimental
condensations of liquids by pressure or the solution of salts
seem to cause very large increase of viscosity. If these facts
are admitted, much of the basis of Bennett’s theory disappears.

Procter and Wilson attribute the swellings force of the jelly
to the osmotic pressure or kinetic energy of ions associated with
the colloid, while Bennett ascribes it to the static electrical re-
pulsion of similarly charged particles; the charge being due to
an assumed preferential adsorption of -4 or — ions. (This pref-
erential adsorption, if it exists, has nothing to do with the
Willard-Gibbs adsorption-law, but must itself be due to chemical
affinity.)

We of course admit that colloidal particles have usually elec-
trical charges due to ions, but, at least in the case of organic
colloids, attribute them to Donnan’s ‘“membrane” or surface “po-
tentials” which are produced when one of the ions is not diffus-
ible into the outer liquid. These potentials are small, and merely
surface-effects, the whole system being in electrical equilibrium.

Assuming, however, that the particles are actually charred, they
will not repel each other directly as Bennett assumes, but their
charges will be balanced by the attraction on their surface of a
layer of ions'of the opposite charge, so that the whole complex
will be electrically neutral. This is Helmholtz’s theory of the
“double layer,” and in electrophoresis the particles move because
this layer is continuously displaced in the opposite direction to
the particle. There is one way, however, in which electric charge
may lead to a compressed water-layer round a particle, of which
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Bennett must have the benefit, though it is probably much more
important in relation to the higher charges of suspension col-
loids. A charged particle, say of gold, must collect round it
a shell of ions of the oppdsite sign, but in pure water the only
ions are H- and OH’, and these are very few and in equilibrium
with unionized water by the ionization law, and in order that
the particle may be surrounded by a sufficient layer of one of
them to balance its charge it must attract a relatively thick
layer of water. On the addition of an electrolyte, other ions are
supplied in much more concentrated solution, the layer of water
thins off, and the sol precipitates; the more rapidly, the higher
the valency of the added ions. The same effect must theoretically
occur with emulsions, but as their charges are much lower, it is
probably almost negligible unless the electrolyte solution is con-
centrated.

I agree with Bennett that the lyotrope series is of practical im-
portance in tanning, though we know little of its theoretical
meaning. It is, as he says, possibly connected with the formation
of solvates, conjugates of water with the dissolved salt, which
withdraw water from the solution and so increase its concentra-
tion. Wilson’s work (J. A. L. C., 1917, 12, 446) on the effect
of neutral salts on chrome liquors seems to indicate such an effect,
and his Table I. (Loc. cit.) follows the lyotrope order as far as
it goes, but my information on the formation of solvates with
different salts is too small to test its theoretical significance. If
Bennett will devote himself to obtajning more exact figures on
this subject, he will be performing useful service.

There are, of course, many interesting points in his paper to
which I have not alluded, but I have already occupied more space
than the JOURNAL can well spare, and must therefore defer their
consideration.

THEORY OF COLLOIDS.*
By W. Harrison, M.Sc.
J. A. Wilson,! has attempted to apply to colloids generally the

theory of the equilibrium between hydrochloric acid and gelatin

*J.S. L. T.C, March, 1918.
' J. A. C.S. October, 1916 ; this JOURNAL, April, 1917.
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as first put forward and developed by P’rocter in conjunction with
his students.

He draws attention to the similarity of the formula
z 1 “gev ;¢ with the generally accepted empirical formula
for adsorption (using the same system of notation) z == kx'?
where p represents a constant, usually about 2 so that generally
z =k} .

Now z in Procter’s equations is the concentration of ions
bound to the colloid by electrochemical attractions. \Whereas in
experiments on adsorption the concentration z represents the
total concentration of substance adsorbed by the colloid.

Using the same notation as in Procter’s equations the total
concentration of substance adsorbed is @ 4+ y 4+ 2, and if it is re-
quired to deduce the adsorption law mathematically methods
other than those adopted by Wilson must be used.

The author has made the necessary calculations, which ave
given below. and it will be seen that the quantity ¢, so very im-
portant in all Procter’s work, is not required.

At equilibrium in the external solution.

x=[H +] = [C1].

In the jelly phase:

£ = concentration of gelatin ions.
a = concentration of non-ionized gelatin chloride.
y = [H*].
g = sum of concentrations of gelatin, gelatin chloride, and
gelatin ions.
V = volume of jelly in cubic centimeters.
From the law of equality of products. »
¥ = y(y + 2). (1)
From the laws of ionization.
s(y 4+ z) = Ka. _ (2)
From (1) '
2 .1
2= XY ‘ (3)
J
and
x* )
)r + P4 —, (4)
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substituting 4 in 2 we get

2=t (5)
5%

a —
by adding (4) ‘
At zx? (6)
+z+a=—+ 4,
7 y Ay
letm =y + 2+ a
substituting (3) on the right-hand side of equation

m =y + b-4 + a =: ;— + —_(1'1;]:)/‘". (7)

From (7) we get the equation
(mK 4+ x?) ¥y* — Ka*y —x* = O.

The roots of this equation are:

_i’{.’(i—]/l\”+47nl(7 4-13}
T2 mK + 1* .

Attempts to get m in terms of x resulted in equations contain-
ing powers of x up to the fourth which could not be solved.

Except in very dilute solutions where secondary ionization
takes place ¢ = a + z, in fact, this assumption gives mathe-
matically the same result in Procter’s equations, as neglecting the
constant K.

g m—

2 (K £ | K7 + gmh - a9
2mK + 2x° !

g = m —

since g %o M being the molecular combining weight.

the above equation gives us a means of ascertaining whether the
amount of a substance adsorbed by a colloid is in agreement
with the laws of electro-chemical equilibria.

This equation fits in very well with Procter’s work in gelatin
which is also in close agreement with a formula of the type used
empirically for adsorption phenomena, but neither equation can
be derived mathematically from the other.
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BOOK REVIEW.

THE PHysicat, CHEMISTRY OF THE Proteixs. By T. Brailsford Robertson,
Ph. D., D. Sc., Professor of Biochemistry and Pharmacology in the
University of California. 483 pp. Price $5.00 net. Longmans,
Greene & Co.,, New York.

Whatever may have been the original intentions of the author, it
would require only a change of title to convert this hook in effect into
one volume of an extensive treatise on the chemistry of leather manu-
facture, which to a large extent is the physical chemistry of colloidal sys-
tems, in all of which, proteins constitute at least onc component. This
book will therefore add very materially to the literature dealing with
leather chemistry.

In his preface the author points out that “if we were to endeavor to
interpret the behavior of the proteins solely in the light of preconceptions
derived from the study of the chemistry of the metals, for example, or
the simpler organic compounds, we would find that the hehavior of the
proteins displays merely a bewildering variety of inconsistencies. Their
‘amphoteric’ character, their multiple basicity and acidity, their instability in
aqueous solution and, above all, the enormous mass and catenary configura-
tion of their molecules confer upon them properties which are compara-
tively unfamiliar in other fields of chemistry, or else exaggerate prop-
erties which are normally displayed by the simpler chemical hodies only
to a comparatively negligible degree.”

Referring to colloidal behavior he says: “To describe a particular
property or mode of hehavior as a ‘colloidal phenomenon’ neither defines
nor interprets it and furthermore fails even to describe it, since there
are no phenomena which are distinctively ‘colloidal’ and displayed by every
member of the colloid group, saving only those phenomena which depend
primarily upon the simple factor of the mass or volume of the molecules,
and which are therefore predictable from and implied in the properties or
behavior of the smaller molecules of the non-colloidal substances. Simi-
larly, the use of the term ‘adsorption’ to describe the union between col-
loids and other substances implies a uniformity where no uniformity ex-
ists and is, moreover, devoid of utility or meaning unless we attach to the
definition some distinct idea of the nature of the underlying forces which
condition the union, whether these forces be regarded as consisting of
chemical (i. ¢., atomic) attractions or of capillary (i. ¢., molecular) at-
tractions.”

Two schocls of opinion have developed over the question as to
whether or not we are justified in assuming that Avogadro’s rule is ap-
plicable to protein solutions. The author’s own views follow:

“In this work I have endeavored to interpret the physico-chemical be-
havior of the proteins if the light of the-laws of Boyle and of Gay-Lussac,
‘as they have heen applied to solutions hy Van 't Hoff, and of the Guld-
berg and Waage mass-law which, as Larmor has shown, is a direct con-
sequence of Avogadro’s rule and Boyle's law. I have also assumed the
validity, in protein systems, of the first and second laws of heat, albeit the
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applicability of the second law of heat to protein systems has, in some
quarters, been questioned. Jn considering the clectrochemical behavior of
the proteins I have assumed the applicability of Arrhenius’ hypothesis
of electrolytic dissociation, of Kolrausch's law of the independent motion
of ions, of the Nernst theory of concentration-cells, and further, although
this has of recent years been very strongly questioned, the applicability
of the Guldberg and Waage mass-law to reactions between ions. I be-
lieve that the utility of these hypotheses justifies us in applying them un-
til still more useful hypotheses shall have been elaborated to amplify or
replace them.”

The book itself is divided into four parts, the first dealing with the
chemical constitution of the proteins, their preparation in the pure state,
their quantitativc estimation, and with their compounds. The electro-
chemistry of the proteins forms the subject matter of the second part and
includes discussions of the formation and dissociation of protein salts,
the combining capacity of the proteins, the electrical conductivity of solu-
tions of protein salts, and the electrochemistry of coagulation. The third
part deals with the physical propertics of protein systems and the fourth
with chemical dynamics in protein systems, including studies in hydro-
lysis and synthesis of the proteins by enzymes.

The author presents a theory of the ionization of protein salts which
is especially deserving of attention, not only because of the author's ex-
tensive use of it, but also because of its bearing upon theories of pickling
and of tanning. Many writers have considered the amphoteric nature of
proteins to be due to their amino and carboxyl groups. Thus a protein
could neutralize either acid or base:

H,N.R.COOH + NaOH = H,N.R.COO' + Na* = H,0
HOOC.R.NH, + HCl ~ = HOOC.R.NH,* + CI.

In cach case a protein salt being formed which yields but one protein
ion. The author admits having been formerly inclined to this view, but
states that an accumulation of data irreconcilable with this view led him
some years ago to abandon it. His present theory assumes the action to
be of the nature expressed by the following equations:

OH H ONa

I I I
R—N=C—~R+ NaOH=R—-N'"+R—C+"

I
OH

OH H OH

I | I
R—N C—R-+ HCl = R—N"+4 R—Cr

|
Cl

Where in both cases only protein ions are formed. Although the argu-
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ments given in favor of this view are numerous, they do not appeal to
me as convincing, excepting perhaps in the case of the statement that the
compounds which proteins form with HCl, for cxample, when dissolved
in water, are excellent conductors of electricity, and true electrolytes, yet
they do not vield chlorine ions. However, I should require a somewhat
stronger proof than has been given that this statement holds true for
proteins in general.

In referring to Procter’s work on the acid-gelatin equilibrium, the au-
thor contends that according to Procter’s view no equilibrium would re-
sult, “since the acid anions and the free acid itself could not simultane-
ously be equal in concentration within and without the jelly.” In the re-
cent publications on this subject it is shown that this very fact is re-
sponsible for the equilibrium and for the peculiar swelling curve. The
author would reconcile the apparent difficulty by assuming that the pro-
tein-acid compound yields no inorganic ions and that the swelling of the
jelly is due to the osmotic pressure of the colloid particles themselves,
which being unable to. penetrate the colloid network in which they are
entangled necessarily compel the compensating migration of water.
However, it is not shown how this theory can account for the repression
of the swelling by further addition of acid.

The chapters on the hydrolysis of proteins and of polypeptides should
be of great value to those interested in the chemistry of the beamhouse
processes. .

Considered from the standpoint of the leather chemist the hook is an
extremely valuable addition to, the literature and one which has been much
needed, for I know of no other hook which supplies the same material
in a form so suitable for the student of leather chemistry. In a subject
of such vast scope and complex nature, it is but natural to find some
doubtful statements, but the hook is replete with ideas and information
of unquestionable value to the development of the science.

JoHN ARTHUR WILsoN.

ABSTRACTS.

Outline of Colloid Chemistry, III. W. D). Ba~crorr. J. Franklin In-
slitute, 185, 373-387 (1918; cf. This Journal 13, 125 and (1918). In this
paper four more divisions of the main subject are given along with 112
references. i

Types of Precipitates—The author distinguishes eight types of
precipitates: Crystalline, such as is obtained by neutralizing KOH solu-
tions with H,SO.; colloidal or non-settling, one in which there is little or
no agglomeration like that formed by mixing very dilute solutions of Pb
(NO.): and K:CrO.; flocculent, one obtained by the agglomeration of
a non-settling,. non-gelatinous precipitate to a bulky mass, like AgCl
formed by mixing suitable solntions of AgNO. and KCIl; curdy, which
results when a flocculent precipitate agglomerates to a fairly dense
mass, a typical case being the precipitate obtained by adding acids to
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caseine; saendy, resulting when a curdy precipitate agglomerates to a
dense mass, like the alumina obtained from hot sodium aluminate in the
Baeyer process; gelatinous, involving the agglomeration of a hydrous and
viscous precipitate to a bulky form as resunlts from mixing concentrated
solutions of Ba(SCN); and MnSO.; jelly-like, differing from a gelatin-
ous precipitate in that the liquid phase is not visible as such; and fluid,
a precipitate too mobile to he classed as gelatinous, as is obtained by add-
ing an excess of HCl to sodium oleate.

Theory of Peplization.—A stable colloidal solution contains very
fine particles kept from agglomeration by a protecting film of some sort,
electrification being equivalent to a film. By peptization is meant the
disintegration of large masses into such particles, cspecially when done
chemically, as opposed to mechanical or electrical disintegration. Certain
solutions peptize certain precipitates forming colloidal solutions and this
is always the result of adsorption. Theoretically there are three possibili-
ties: If an adsorbed film has a low surface tension on the water side and
a high one on the other side, it will tend to scrunch up and to peptize
the solid as internal phasc; if the reverse be true, the solid will tend to
form the external phase; while if the two surface tensions are equal,
neither will prevail. A theory of peptization follows at once from Freund-
lich’s view that adsorption always lowers the surface tension. We may
have peptization by a liquid, a non-electrolyte, an adsorbed ion, a salt,
or by a peptized colloid. When a liquid is-adsorbed by a solid, it will
tend to peptize it. Water peptizes tannin. Gelatin is not peptized hy
cold water, but is by warm water. In some cases mixed solvents will
peptize a solid much better than either alone. Freshly precipitated AgCl
is peptized by AgNOQO, or KBr, the silver and bromine ions heing strongly
adsorbed. Many oxides are peptized by their chlorides or nitrates form-
ing basic salts. Sulphides are peptized by H.S. Gelatin is peptized hy
K1. Water peptizable substances like gelatin, dextrin, soap, or saponin
peptize many precipitates and are called protecting colloids because they
prevent the agglomeration and settling of finely divided precipitates.

Condensation  Methods of Preparing Colloidal  Solutions-—These
are divided into six classes and illustrated. 1. Reduction without Elec-
trolysis: at 50° hydrogen gas reduces silver oxide in contact with water
liberating the metal in the colloidal state. 2. Reduction with Electrolvsis:
When very dilute solutions of gold, silver, or mercury are electrolyzed,
some of the metal comes out in colloida? form. 3. Ouxidation: The re-
action between H.S and SO yields colloidal sulphur. 4. Hydrolysis: Col-
loidal solutions of hydrous ferric oxide can he made simply by bhoiling
dilute solutions of ferric chloride. 5. Metathetical Reactions: Concen-
trated colloidal arsenious sulphide solutions can be prepared by the action
of H:S upon As:O.. 6. Decomposition by Light: Colloidal solutions
can be obtained when substances are precipitated by light as in gold or
sulphur solutions.

Dispersion Mcthods of Preparing Colloidal Solutions.—Five types
are described. 1. Kemowal of Agglomerating Agent:  1f AgCl precipi-
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tates be washed at once the silver salt is apt to run through the filter when
the excess of soluble electrolyte has been removed. Likewise zinc sulphide
is apt to form a colloidal solution when the ammonium salt is washed out.
2. Addition of a Peplizing Agent: Instead of washing out a precipitat-
ing agent, onc may add a peptizing agent, for example sulphides are readily
peptized by H.S. 3. Mechanical Disintegration: When reduced to an
impalpable powder by long grinding, quartz can be converted into col-
loidal hydrous silicic acid merely by boiling with water. 4. Electrical
Disintegration: The disintegration of noble metals with the formation
of colloidal solutions results when a direct current arc is formed under
water between two wires of the metal, using 30 to 40 volts and
5 to 10 amperes. 5. Electrochemical Disintegration: With a lead cathode
in caustic soda solution, the lead disintegrates when the current density
exceeds a critical value, and the solution is colored black like ink with
Aine particles of metallic lead, which is due to the temporary formation
of a lead-sodium alloy, which is subsequently decomposed by the water

J. AW

Tanning in the Philippines. C. E. BosworTH. Special agents, Series
No. 161, Department of Commerce.

The hides are mostly from the carabao, a species of buffalo, from
the native cattle, somewhat similar to the Indian cattle, and from the
horses and ponies. Skins are obtained mgstly from goats with a few
from sheep.

The hides from the native cattle are of a very good quality but the
skins are usually in very poor shape.

Leather manufacture in the Philippines is important only’ to the
islands. None of the locally tanned leather is exported. Altogether
there are about 175 tanneries devoted almost exclusively to the tanning
of sole and undressed heavy leather. The total output probably does not
exceed 95,000 hides per year. The industry is wholly in the hands of
Chinese and native Filipinos.

The tanning machinery in the Philippines is limited to a bark mill
in one tannery and a sole leather roller and thrce drums in another.
Just at present the roller and the drums are not in use. The latter tan-
nery is managed by a graduate of the Leather Sellers’ Technical College,
of England, and in time will undoubtedly develop into a modern plant.
Primitive methods, probably brought to the islands by the Chinese, are
still in use.

Most of the tanneries are in the open air, or merely sheltered by a
thatched bamboo roof. When the hides are received they are laid in packs
of 17 or 20 and soaked for about eight hours. This soaking is usually
done in the river. For liming they are put into pits usually built of
masonry and arranged in a series of 3 or 4 to as many as 20. These
pits are of a practically standard size, 5% feet long, 3% feet wide, and 3
feet. deep. Sometimes they are built above ground and sometimes partly
below. The liming solution is made by mixing 25 liters (about 3 pecks)
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of lime in nearly enough water to fill the pit. A cane or bamboo sieve
is used to remove lumps and stones from the lime. The hides are then
folded lengthwisc, hair out, and placed in the pit one on top of the other
until the pack is complcte. They are left in the lime 10 to 15 days and
during that time are handled three or four times. The pack is inverted
at each handling.

Unhairing and fleshing are usually done by a workman who stands
in the water of the river and works on the hide laid over a bamhoo
beam. This is a slow process because the bamboo heam is narrow and
the flesher works toward himself. The beam is generally at too high an
elevation to be convenient. The fleshings and cuttings are mixed with
the lime, dried, and sold for glue stock. The proceeds are usually equally
divided between the tanner and the workmen.

The tan pits are of practically the same construction as the lime pits
but a little larger. The tanning liquor is made of chopped camanchile
bark (25.36 per cent. tannin) mascerated for three days in a mixture of
two-thirds fresh water and one-third used liquor. The strength of the
liquor thus made is uncertain, for no measuring instruments are used.
The proportion of bark used is 250 to 300 pounds to 1,200 liters (317
gallons) of liquid. After soaking for three days, the bark is removed
“from the pMs and the hides put in. A layer of bark is left on the bot-
tom onto which a hide is placed flesh side down. Then a layer of bark
is placed over the grain side and half of the hide folded over. This proc-
ess is repeated until the vat is filled, each hide and the whole pack be-
ing treaded down by the nearly naked workman ‘who lays the pack. This
treading is repeated often during the first few days to hasten the penetra-
tion of the hide by the tanning liquor and to prevent putrefaction. The
hides are then left in the tan pits for about six.weeks. It is said that if
the leather is not to go to market immediately the hides are placed in
vats containing old used liquor and left indefinitely—sometimes for
years,

In preparing the tanned hides for market they are spread on a
platform, where natives scrape the water and tanbark from them and
smooth the surface as much as possible. Then they are stretched on
bamboo sticks and quickly dried in the full glare of the tropic sun. This
is all the treatment theyv receive at the hands of the tanner. The user
dresses them to suit his individual requirements.

The temperature is so high, the action of the tanning material so
slow, and sometimes the hides in such poor condition, that many of them
are lost by putrefaction. So far, no process has been found by these tan-
ners to overcome this difficulty. It is quite possible that the use of extracts
with the bark would eliminate much of the trouble. In only one tannery
are the hides suspended in the vats and in only one tannery are extracts
being seriously considered. Cleanliness and hetter water would also have
a beneficial effect.
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The leather resulting irom these crude methods is naturally very in-
ferior. The poor grade of lime, the temperature, filth, and crude methods
all tend to destroy hide substance.

The Chinese are the only tanners producing light leathers. These
are simply the result of splitting heavy hides, usually carabao. Th~ split-
ting is done with a thin, axe-shaped knife operated by hand. The opera-
tion is insufferably slow but the workmanship is wonderful.

The leather is used almost wholly by the native and Chinese shoe-
makers, who buy it from native and Chinese leather dealers, to whom it
is sold by the tanners.

The Philippine Islands are well supplied with raw tanning materials.
Chief among them are camanchile and mangrove barks. There are a
number of other barks, but they are either too low in tannin content or
insuthicient in supply to be commercially important.

Camanchile bark is the favorite tanning material among the tan-
ners of the islands. It contains about 25 per cent. tannin and produces a
light-colored leather. The tree is found in nearly all parts of the islands,
though its growth is scattered. It is neither systematically cultivated nor
conserved. Camanchile tan liquor quickly ferments in the Philippine
climate and creates a strong disagreeable odor. This hark will probably
never bhaof commercial interest or importance outside the islands. About
1,500 tons are used annually by local tanners. Two or three years ago
the bark was purchased from the native collectors at $10 a ton, but the
price has recently risen to $35 per ton.

The Philippines have mangrove swamp areas estimated at 800 square
miles. There are 21 species of mangrove, or 2 more than are credited
to Borneo, the great cutch-producing island. While nearly all the islands
of the archipelago have considerable growths of mangrove, the swamps
of Mindoro, Mindanao, and Palawan are of greatest commercial import-
ance, and none of them are heing worked at present for tanning material.

The swamps of Mindoro are only 12 hours distant by steamer from
Manila, are large in area, and practically virgin. Many of the swamps
in the northern islands have heen pretty well cut. It is estimated that the
Mindoro swamps will yield about 50,co0 tons of bark. The swamps of
Mindanao extend along the coast for 45 miles and it is estimated that
about 90,000 tons of bark are available here.” Extensive lumbering opera-
tions are being carried on in Mindanao now, but the lumber companies
do not use the bark at all.

The Absorption of Sulphuric Acid by Wool by W. HARRISON, M. S. T.,
Society of Dyers and Colorists, March, 1918* The author found that wool
absorbed sulphuric acid from a 5 per cent. solution on boiling, but that
the acid could be completely removed by repeated extractions with hoiling
water.
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Tanners Institute N'ews, Bullctin No. 36. The class of 1918 in Tan-
ning and Applied Chemistry have just finished their annual tour of in-
spection.

The students and instructors visited tanneries and manufacturing
plants in Detroit, Grand Rapids, Grand Haven, Whitehall, Milwaukee,
Waukegan and Chicago.

Strephonema Kernels. The Lecather 1l7orld, March, 1918, These
kernels obtained from the Belgian Congo contain about 38 per cent.
fat melting at 20°C. The meal obtained after the extraction of the fat con-
tains about 31 per cent. tannin which, however, gives a dark purple red
color.
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PRESIDENT’S ADDRESS.*
By C. R. Oberfell.
It is with great pleasure that I call this, the fifteenth Annual
Meeting of our Association, to order. Last year the meeting took
* Read at the Atlantic City meeting of the A, L. C. A, May 16, 101X,
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place shortly after our country entered the great war, and dur-
ing that meeting the thought often came to me as to what effect
the war would have on our 1918 meeting. [ felt that in the
nature of things this meeting would be considerably curtailed in
attendance and in the good accomplished. Although it is too
early to predict, the indications are that this meeting will be more
successful than I then thought.

I do not know how many of our members have joined the
armed forces, but I do know that many of them have, during the
past year, acted in an advisory capacity to the Government as
‘exferts in their line. Several at the present time occupy official
places, and of them we are justly proud.

Since our last meeting a number of events have transpired
which will doubtless have an important bearing on the chemistry
of leather, in fact. on the leather industry. I have in mind, first,
the organization of the American Leather Research Laboratory.
Such a laboratory has long been the ambition of the leaders of
the leather industry, and has received the support and active
co-operation of the American Leather Chemists Association.
The National Association of Tanners will receive the commenda-
tion of every thoughtful man, and I have no doubt but that this
laboratory will surpass the hopes of those who have contributed
towards its organization and support. Exceedingly few indus-
tries have shown such foresight in providing for the application
of science to its manufacturing problems. The director of this
laboratory has been selected, the equipment is being assembled
and installed as fast as conditions permit, and before long the
staff will be actively at work.

Another event to which I wish to refer is the formation from
the nations allied against Germany of the Society of Leather
Trades’ Chemists. As the war has progressed and revealed more
and more the barbaric tendencies of the German Government, it
has become increasingly evident to the leather chemists of the
Allied Nations that future amicable relations with the Germans
in the International Association of Leather Trades Chemists are
impossible.  They, accordingly, have withdrawn from the old and
organized this new society, and have extended a friendly hand
to the A. L. C. A. We certainly wish them success and, in turn,
extend our hand of friendship to them. There has been pro-
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posed to our membership, in the shape of a change in our
By-Laws, a plan for the mutual co-aperation of the two societies,
which permits an interchange of journals to those desiring it.
I trust that this proposal will receive your support at this time.

Public appreciation of the important place which applied chem-
istry occupies in the industries has been emphasized during the
war. The step which the leather industry has taken in the organi-
zation of a Research Laboratory indicates that this industry
intends to avail itself of all possible advantages which science
offers. Progress in this direction must follow along two dis-
tinct lines,—one through this Research Laboratory and the other
through the work of the laboratories connected with each plant.
Joth are necessities. The tanners have taken all the steps that
are possible to assure the success of the Research Laboratory,
but I wish to contribute a thought that applies to the plant labo-
ratories and plant chemist that will assure success on this side
as well. I need not go into details to explain why the success
of the plant laboratories lies in the ability of the chemist in
charge; it is a simple truth that such is the case. The only way
to obtain chemists of ability is to pay them such salaries as will
attract men of sound education and training to the leather field.
If this is not done, other industries will take the men with brains
away from us, and we can have what is left. 1 speak of this
hecause I believe the tendency in the leather industry is to pay
plant chemists entirely too small salaries, and this question has
become increasingly important on account of the general awaken-
ing to the value of applied chemistry in manufacturing. \Well
trained chemists to-day are a great scarcity, and if the leather
industry wishes to continue in the forefront of progress, it will
have to revise its opinion on this point, or else it will open its
eyes some day to find that other industries have acquired the
men with the best brains. But, after all, is it not always the
wisest policy to do well anything that is worth doing at all, and
how else can this scientific work be done well except by men of
ability 7 Perhaps some of the disastrous experiences of tanners
in the past with their chemists can be attributed to the condition
that they were not willing to pay the price for securing men above
the mediocre class. 1 venture to predict that if the tanners will
loosen their purse strings in order to employ the best men that
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can be obtained. that the dependence of the leather industry on
chemistry will rise to the same plane of importance and necessity
as in other chemical industries with which we are familiar.

Often times the best meaning people fall into a mental error
and, by advancing their ideas, cause damage where they hope to
do good. I am sure that everyone will agree with me when I
say that the “trade press” of the leather industry has been pro-
gressive, and has always fought for the advancement of science
in the tannery. For this reason, I wish to take this occasion to
comment on an editorial which recently appeared under the cap-
tion “Ask the Chemist.”

“When the leather goes wrong, ask the chemist. That's the real
rule of tanning these days. Time was when, the leather going
wrong, the boss and his friend held an inquest on it, thumbed it,
chewed it and discussed it, and then burned it and tried their luck
acain, but these days if the leather poes wrong, the boss hurries a
few specimens of it to the chemist, who gets out his glasses, his
test tubes and his acids, and studies the leather like an auditor
studyving the hooks, until he finds out what is the matter with it
Then he tells the boss, and the boss guides his next tannage accord-
ingly. It costs a bit, perhaps to call the chemist, just the same as
it costs a bit to call the doctor, hut it saves a lot of time, money
and worry in the long run.”

This is the wrong view of the value of the chemist. Why
wait until the patient is about to die before calling in the doctor?
Doesn't it seem wiser to let the doctor keep in such close touch
with a patient as to be able to detect any serious disturbance of
his system and thereby avoid the resulting illness? The true
and most valuable function of the chemist is to follow the proc-
esses of manufacturing by the aid of his knowledge of “‘chemical
control” so as to detect harmful conditions and to take measures
to prevent the *leather going wrong” long before the tanner
suspects that everything is not right. “*Chemical control™ should
not only be a police force in the tannery, to act as a sort of
a mystic detector of someone failing to follow instructions, but
should be a linking of the scientitic and practical in such manner
as to maintain chemical processes moving along in a normal and
uniform manner, and to take strict account of the efticiency of
the processes and the economy of operation. 1f the leather indus-
try wishes to reap the full benefit from science, it must recognize
the above truth and relegate to a place of less importance the
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idea that the chief value of the chemist lies in controlling pur-
chases of raw materials, important as this is, or as a means of
enabling those in authority to make sure that subordinates are
conducting the various processes according to instructions.

We have met here to discuss in joint sessions with the National
Association of Tanners problems growing out of the war. The
war and its problems touches all of us in our daily existence, and
it is natural that subjects of war prominence should occupy
largely the attention of this meeting. Then too, there has been
less research work undertaken during the past year, due to the
fact that everyone has been busier than ever before with proh-
lems of a routine nature.

It has been four years since we have had the pleasure of
meeting with our friends, the tanners, and we appreciate their
willingness to come and discuss common problems with us.

It gives me pleasure to extend the welcome of the A. L. C. A.
to the tanners, and also to the members of the Morocco Manufac-
turers’ National Association, the Patent and Enameled Leather
Manufacturers’ Association, the National Association of Im-
porters of Hides and Skins, and the National Association of
Tanning Extract Manufacturers.

SECRETARY'S REPORT.

o ACTIVE MEMBERS.
Active members May 1, 10170, ... o 165
New members ... e 10
Active members resigned. ............. ... 3
Active members transferred to Associate membership,
by request ... .. 2
Active members residing in Germany................. 3
Active members dropped on account of non-payment
of dues ..... ....... e ... 2 10
Active members gained ....... .. ... ... ..... 9
Members May 1, 1917......... P, 165
New members ... 10
184
Loss in members ............................ 10
Activesmembers May 1, 1018, ... ... 174
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ASSOCIATE MEMBERS.

Associate members May 1, 1017..................... AU 200
New memhers ... 36
Two transferred to Associate membership............. 2 38
Associate members dropped on account of wrong
address ... 1
Associate members resigned ........... ... ... ..., 2
Associate members residing in Germany,.............. 1 4
Associate members gained........ DU 4 34
Members May 1, 1917.......................200
New members ......... ... . 38
238
Loss in members ........................... 4
Associate members May 1, 1918..........234
TREASURER'S REPORT.
1917-1918.
Receipls.
Cashon hand May 1, 1017, ... ... ... . . i, $2,125.43
Dues oo $2,081.52
| O3 1 B 19.55
On sale of first Liberty Bond, 3¥; per cent............. 1021 2,111.28
$4,336.71
Disbursements.
Annual meeting expenses . ....... ... $ 361.08 !
Council mecting expenses ...........coieeiiiinanaeanns 19.90 .
SeCretary’s eXPeNSes .. ...o.ouiitiiii e 160.66
Printing, postage, expressace, supplies and insurance
POICY oo e 313.05
Dues returned ... ... ... .. i $5.00
Amount overpaid on bound volume returned...... 2.25
Rebate on dues .......... ... ... ... ... ..., 1.00 8.25 .
Purchase of Liberty Bond, first issue................. 1,000.CO
Contribution to Red Cross......... ... ... ... .. ... 200.00
From Journal Account ... ... ... ... . ... ... 7260.66 2823.60
Balance on hand, in bank May 1, 1918............ $1.7110.11
JOURNAL ACCOUNT.
Receipts.
From advertisers ...... ... i S1,469.41
From back numbers ............. P 20.85
From bound volumes ........ ... ... ... ... ... 204.606

From subscriptions .. ... ... Lo oo 18617 $1,840.00
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Disbursements.

Journals (April, 1917, to May, 1018) ................. 2,030.20

Reprints ... . i e 267 07

Abstracts and translations ............. ... ... .. ..... 12.00

Index ..o e 3112

Copyrighting Journal ............. N 12.10

Bound volumes ........ ... .. i 93.75

Editors’ expenses ........ooiiiitiniiiii i 159.35

Paid out for back numbers of the Journal............. 10.10
Rebate on subscription ....... ... ..., 1.00 $2,616.75
To General account ............. D $ 720666

SUMMARY.

Cashon hand May 1, 1017, ... ... .. i $2,425.43

Receipts, General Account ........................... $2,111.28
Receipts, Journal Account ........................... 1,390.09  4,001.37
$6,426.80

Dishursements, General Account ..................... $2,008.04
Disbursements, Journal Account ..................... 2,616.75  4,715.69
Balance on hand, in bank, May 1, 1918............ $1,711.11

Liberty Bond, second issue, 4 per cent. (First Liberty

Bond converted into second issue).................... ... 1.000.00
Total ... . $2,711.11

Since May 1, 1018, checks amounting to $415.99 have
been received.
Due from advertisers, dues, bound volumes and back
numbers $1,003.58.
H. C. Rekn, Secy. and Treas.

MANUFACTURE OF OAK EXTRACT IN JAPAN.*
By Lloyd Balderston.

Among the things which T am sorry to miss this year, not the
least important is the meeting of the Association. President
Oberfell has invited me to send a paper to be read, and I feel
more like writing a letter than a formal paper. A reason for
this is the lack of material for a scientific paper. The work
here at the university is new, and much of my time has been
wiven to efforts to get apparatus and machinery installed. Very

* This article was sent to be read at the recent Annual Meeting at
Atlantic City, but was received too late for that purpose.
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little work in tannin analysis has been done, because as yet we
have no evaporator and dryer in working order.

The troubles encountered in this connection are typical, though
more extensive than those met with in connection with any other
specially ordered apparatus. The apparatus makers. modify
designs without consulting the designer, and so the beautifully
finished pieces have to be made over before they can be used.
In this case the making over was not according to order, and so
the oven has to be made over a second time, and has now been
waiting three weeks for the tinsmith.

I am disposed to blame many of my troubles on the language,
and 1f, as I hope, two or three Japanese gentlemen are present at
the meeting, I must here beg their pardon for saying disrespect-
ful things about their language. To illustrate the causes of my
distrust, T may cite a particular case. A telephone message in
reference to my household goods, sent by freight from home,
was received by the janitor. He conveyed it to an English
speaking student. who told me “your goods have arrived in
Sapporo.” I asked him at what station in Sapporo they were.
He turned to the janitor and further conversation in Japanese
took place. Then he said, “They have not yet come to Sapporo,
but are at Otaru.” Otaru is the seaport, 20 miles away. I have
had many experiences of this sort, and am inclined to think that
it may be very dithcult to give perfectly definite directions in
Japanese.

Instead of an alphabet, the language has a syllabary, each
syllable made up of a vowel sound following a single consonant.
The number of these syllables is about 70, and most of them may
be followed by n, so the whole number of possible monosyllables
which can serve as words is less than 140. It is not surprising
that many of these monosyllables are terribly over-worked. The
number of pairs of words of similar pronunciation but different
meaning is great in English, and we even have more than two in
a few cases. In Japanese, in addition to all the pairs, there are
many groups of ten or more words of one syllable pronounced
alike but with different meanings, and represented by different
Chinese characters. Japan is therefore, among other things, a
paradise of punsters.
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The indefiniteness of Japanese ways of saying things is well
illustrated by the method used to describe where a house is.
Instead of naming or numbering streets, they give names or
numbers to blocks. You address a letter to Mr. A., North 1,
East 4. The block includes houses facing on four different
streets, and the postman has to know which house in the block
is Mr. A’s. There is no relative pronoun, so that descriptive
clauses necessitate very involved sentences. Verbs have no dis-
tinction of either person or number and nouns and pronouns
none of number, so that the ideas “I am,” “you are,” “he is,”
“it 18, “we are,” “they are,” are all expressed by the same word.
Personal pronouns are little used. Some of the most used verbs
have a bewildering assortment of meanings, often some of them®
transitive and some intransitive. [Put an ending on an adjective
and it becomes a verb. These are enough to indicate that
Japanese is different from English, and that precision of state-
ment is not its strong point.

The skill of Japanese artisans is great, and has been so for
many generations in spite of their language handicap. The new
things which have been taken up since intercourse with Europe
began are done with great skill also. To cite a single example,
Japanese chemical glassware is excellent. So is Japanese leather,
as made by several companies. One of these, the Japan Hide
and Leather Company, has tanneries at Tokyo, Osaka and
Shanghai, and owns and operates a plant for the manufacture of
oak bark extract at Tkeda, in the eastern part of Hokkaido, about
ten hours’ journey by rail from Sapporo. I had been planning
to visit this extract plant in the spring vacation, and early in
March I was so fortunate as to meet Mr. Nagasawa, an engincer
of the company, on his way to Ikeda. He gave me a cordial
invitation to visit the factory, and told the superintendent to

LI

expect me.

I had learned that there is arother plant a few miles this side
of Ikeda, belonging to the Nitta Company. which makes pow-
dered extract. The authorities of the university tried to secure
from the main othce of the company at Osaka permission for
me to visit their plant also. They declined, however, and T was
obliged to be content with seeing the outside of the Nitta factory
during the few minutes our train stood at the station. The fac-
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tor}' is surrounded by great ricks of oak wood with the bark
on, which is ground for the making of extract.

In the early morning of April 2 I started for Ikeda in company
with two students, a senior and a graduate student, one of whom
had been at Ikeda before. The external appearance of the train
in which we traveled is not unlike an American train except for
the colored stripes indicating first, second and third class. The
second class compartment which we entered occupied half of a
car, the cushioned seats running lengthwise. This arrangement
of seats rather than the American plan seems necessary because
of the narrowness of the cars, the gauge of the track being
about a foot narrower than our standard. Some coaches, how-
ever, have crosswise double seats on one side of the car and a
lengthwise seat on the other. The locomotives used in Hokkaido
are of American patterns, many of them bearing the name plate
of the Baldwin Locomotive \Works, Philadelphia.

The morning was misty, so we could not see far. Our way
lay for an hour or more up the level valley of the Ishikari, the
largest river in Japan. The scenery was mostly farms, a large
part of the cultivated area being devoted to rice paddies. The
skill of the Japanese agronomists in developing varieties of rice
which will flourish in the latitude and climate of Boston is most
remarkable.

At Ebetsu, 20 miles from Sapporo, we passed a large paper
plant. 1 hope to have the opportunity of doing some work on
their waste liquors. The woods used are all coniferous, and they
are worked up by the sulphite process.

At many stations we saw huge piles of logs, nearly all pine
or spruce. awaiting transportation to the markets of the South.
A large proportion of these are hewn approximately square. The
care which the Government exercises to keep up the supply of
lumber is in evidence on the hills all about. The slopes are
planted in coniferous trees, quite close together. \When these
are large enough for small poles, a large part are cut out.
Another thinning a few years later yields larger poles, and so a
small fraction remain to make saw-logs. The use of poles is
very much greater than in America. Scaffolds are built of poles,
lashed together with rice straw ropes. Fence posts are sections
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of poles, and floors are laid on poles which have been hewn on
one side. AN

Farm houses and other buildings generally are of frame con-
struction. In the city, roofs are about evenly divided between
shingles and galvanized iron, and in the country between shingles
and thatch. The split pine shingles are small and thin, and the
roofs are not long lived. :

Snow lay all about during the first half of our journey, but
after we had climbed the range and passed through the tunnel at
the summit, we came out into clear weather, and our view took
in the great valley of the Tokachi River, bare of snow, and with
a few signs of life in the vegetation. The panorama of foot-hills
in the foreground, and of wide level valley in the distance as we
came out of the tunnel is something to remember. It is said to
be one of the finest views in Japan, and I am quite unequal to the
task of describing it. The boundary of our view is formed by a
low range of hills beyond the river, some ;5 miles away.

An hour of winding brought us down into the valiey, where
we saw many farms recently cleared and still covered with
stumps.  Much of the timber which covered this rich bottom was
oak, Quercus dentata, and some of the trees had not been cut,
but the bark peeled up to 8 feet or so from the ground, and sold
to the extract factory. This mode of destroving trees so that the
land may be farmed seems wasteful and slovenly, but we must
not be too critical, remembering that in our own country “dead-
enings” were not unheard of a generation ago.

Further down the valley the settlements are older, and we saw
many prosperous-looking farmsteads. We stopped an hour short
of our destination at Obihiro because of the better hotel there.
Obihtro is a new town of 1,000 or more, with well-kept streets
and attractive shops. Nearly all houses are of wood, and paint
is in general not used, so you will quite understand that a new
town looks more inviting than an old one. The natural fate of a
Japanese dwelling which escapes fire and reaches the age of
15 or 20 years is to be torn down and replaced. You will get an
idea of the fire risk from the fact that the annual premium rate
of insurance on household goods in Sapporo is § per cent.!

Our hotel in Obihiro was most attractive. I had been so
provident as to bring along felt slippers, as shoes must be left
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at the door, and I cannot prevent the slippers furnished for the
use of guests from falling off with disconcerting frequency.
Slippers are not the only articles furnished for the use of guests,
and my companions were soon out of their European dress and
at ease in the flowing robes of the Japanese gentleman. They
wished to persuade me to spend the evening in similar garments,
but I decided to wait till warmer weather to make the experiment.

We were installed in a second-story room of ample size and
Leautiful finish. Three sides were sliding paper-covered doors.
The heat proceeded from a large bronze pot containing a char-
coal fire. Furniture was limited to one small table about a foot
high, containing writing materials. The floor was covered with
rush mats” 2 inches thick, faced with the familiar Japanese
matting. The proper attitude in such a room is to sit on your
feet on a cushion. Out of deference to my occidental habits,
however, three chairs and a table were brought in, and a delicious
meal was served in the room. At bed-time mattress-like cushions
were brought in and laid on the floor for beds, and others some-
what larger and scarcely less thick served as covers. My allow-
ance of covers was three, of which I used one.

Next morning we had breakfast in time to start at 0, in a train
made up of both passenger and freight cars. The latter were
moxstly of the short four-wheeled English pattern. Double-truck.
American style freight cars are coming into use, especially for
coal. Reaching Ikeda about 7, we found the extract plant not
far from the station, at the base of a wooded knoll, most of
whose trees are oaks, such as furnish the bark of which the
extract 1s made. Most of the space within the factory enclosure
is occupied by bark-storage sheds. Some of the bark comes in
sacks of rice-straw matting, and some in bundles, tied with
ropes of rice straw. That in the sacks is winter bark, chipped
off, and accompanied by a good deal of 'wood. The bundles are
summer bark, peeled in the familiar fashion. In both cases the
outer rough bark is shaved off, at least from the heavier pieces.

In spite of our early arrival, we were cordially received at the
office, and the foreman showed us over the plant. The bark is
taken from the sheds to the mill in hand cars, running on steel
rails. The mill is a roller apparatus, crushing but not cutting the
material. The largest pieces are 6 inches long by 2 inches wide.

2
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This preparation seems to me too coarse for the best results, but
we have not yet been able to analyze the samples we brought
back, so I am not sure. The crushed bark is taken by hand in
small dump cars to the leach house. The buildings are so
arranged against the side of the hill that these cars run on a
level to the top of the leaches, which are cylindrical in shape,
built of pine staves 2 inches thick, and have a capacity of about
20 tons of bark each. These leaches are eight years old and still
quite sound. The eighteen vats are arranged in two sections.
The liquor is pumped forward by an arrangement like a steam
injector attached to each leach, which sprays the liquid over the
top of the next leach. The time of extraction is about four days,
and the liquor run to the pan-house averages about 30° bark-
ometer. The pan-house equipment includes a triple effect evap-
orator, of familiar aspect, built by the Philadelphia Coppersmith-
ing Company.

The standard product is a liquid extract of 30° Baumé. This
ferments rather easily in warm weather, so cresol is added in the
proportion of one part per thousand, which prevents fermentation
and has no injurious effect on the extract. The published analy-
sis for this extract calls for 51 per cent. total solids, 32.4 per
cent. tannin, 1.7 per cent. non-tans and 0.9 per cent. insolubles.
Preliminary analvses at the university laboratory showed lower
purity than this, but the difference is probably due to the use
of the filter-bell method of analysis in making the published
analysis.

A solid extract is also made, being simply held in the third
effect until the water content is reduced below 20 per cent., when
the product hardens on cooling. It is run into paper lined wooden
casks of about 200 pounds capacity. The published analysis of
the solid extract indicates 49.8 per cent. taunin, 31.3 per cent. non-
tans and 1.5 per cent. insolubles, with 17.4 per cent. water.

Near the pan-house is the cooper shop for making packages
for both solid and liquid extracts. Pine casks for the solid prod-
uct were being made when we were there. e also saw
great piles of staves and heads for the heavy oak casks for
liquid. These hold about 25 gallons. In the boiler room a mixture
of coal and spent bark is burned. The quantity of steam required
is less than one would expect, as the mill used requires much
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less power than a shaving mill, and no power is used for con-
veying machinery, so the spent bark cannot be completely used,
and two small mountains have accumulated.

On our return to the office we found the manager, who
was very courteous to us, telling about the source of the bark,
methods of collecting, etc.. and gave fgures for yearly output.
He also showed us many interesting samples of leather and tan-
ning materials, and we saw the analytical apparatus which they
use. The Procter filter bell and lightly chromed hide powder are
the characteristic factors of the method of analysis. The yearly
output of the factory is 4,000 tons, more or less. The bark comes
by rail from all parts of the valley. It does not appear whether
there will be a continuous supply of bark or not. It depends on
replanting oaks on hillsides and other places not available for
farming. I am told that this is being done to some extent.

Tea was served in the office, and we chatted for an hour. The
manager gave us samples of bark and extract, and we planned to
conduct a test of the tannin content of winter and summer bark.
It will be necessary for this purpose to collect samples over a
long period. - We departed with new evidence of the quality and
extent of Japanese courtesy, and I said to my companions on the
way back that Japan is the country where the men are not
too busy to be’polite to each other.

The return journey carried us up the mountain slope in the
waning afternoon, and the snowy summits, seen first on this
side, then on that, as we wound around, made a picture of such
heauty as can hardly be put into words. The last four hours we
travelled in the dark, and were willing to admit that we were tired
when our 17 hour day ended.

Hokkaimo IMPERIAL UNIVERSITY,

Sapporo. Japan.

THE DETERMINATION OF FAT IN LEATHER.
By L. E. Levi and lug. C. Orthmann.

In an article by John Arthur Wilson and Erwin J. Kern, this
Jourxar XIII 138, the authors suggest using a mixture of ethyl
ether and carbon tetrachloride in the proportion of equal parts,
for a solvent of fat in leather, especially in vegetable tanned
leather.
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The great difference between extraction with petrolic ether
and the above solvent is attributed to the presence of oxidized
or hydroxylated fat in the leather, either entering as such or, as
in the case of some fats, oxidizing after entering the leather. In
Table T a difference of approximately 25 per cent., based on the
total “fat” is found.

This great difference led us to try out the new solvent on dif-
ferent kinds of leather.

To obtain a pure solvent: The carbon tetrachloride was first
treated with “hypo soda,” then with caustic soda and allowed to
stand for several days after adding anhydrous calcium chloride,
then finally distilled. To the ethyl ether was added anhydrous
calcium chloride and the same allowed to stand for two or three
days after which both solvents were mixed in the proper pro-
portion and distilled into a flask containing anhydrous calcium
chloride. About 500 cc. of the solvent was distilled at one time
leaving about 25 cc. in the distilling flask.

In our first extraction we employed hemlock-tanned leather, first
making the extraction with petrolic ether for a period of nine
hours, then after evaporating all petrolic ether from the leather
and out of the Soxhlet, extraction was continued for four hours
with the new solvent mentioned above. Six samples were ex-
tracted as shown in Table L.

.
TABLE L
Per cent. fat with Per cent. extrictive
petrolic ether ex- with new solvent ex-
Leather tracted for nine tracted for four
No. hours hours
| S R 23.33 1.43
2 e, 33.36 1.81
3 3115 2.14
S P 235.46 1.51
S 33.54 1.67
L TP 32.c0 1.67

These leathers were known to be fat-liquored with a small
amount of sod oil, then stuffed with stearine. Ten grams of the
finely cut leather were used. .\ seventh leather is omitted from
the above table for the following reason. The bulk of the new
solvent was evaporated from the extractive in an open dish over
an electric hot plate in this particular case, the atmosphere im-
mediately surrounding the hot plate being heavily laden with
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vapors of the new solvent. By some mishap or other a short
circuit caused a spark and set the vapors afire, consuming a large
part of the contents of the dish, without interruption. This does
not agree with the statement in Wilson and Kern's article in
which they state that the mixture of the two solvents, “will burn
in periodic puffs.”

Referring to Table 1. we will only consider the nature of the
new solvent extractive. Color, dark brown. No noticeable odor,
no greasy appearance or feel, but hard and glassy, slightly soluble
in water, slightly soluble in alcohol, partly soluble in ethyl ether,
nearly all soluble in carbon tetrachloride. On burning the ex-
tractive an odor such as of burning wood was noticeable. The
above characteristics suggested a mixture of oxidized fat and
possibly tannin or other vegetable matter soluble in water.

To substantiate our contention regarding the soluble tannin a
sample of ordinary dry quebracho extract was carefully washed
with petrol ether, dried, and 10 grams extracted for eight hours
with the new solvent with a yield of 0.1882 gram or 1.88 per cent.
of extractive, this appeared to be very much like the extractive
obtained from hemlock-tanned leather described above.

We then prepared a sample of union sole leather, about 150
grams of the sample were ground to pass through a 20-mesh
sieve and well mixed to assure a uniform sample.

Table II gives the results obtained. In each case 10 grams
were used for analysis.

TABLE 11

After evapaorat-
ing off petroland

13 hours ex-  continuing ex. ‘Total petrol 14 hours ex-
traction with traction for 5 cther and new traction
petrol hrs with new solvent with new
ether solvent extractive solvent
No. _Per cent. Per cent. Per cent. Per cent.
S 2.46 1.52 3.08 5.31
2 2.31 1.32 3.83 4.73%
Al

As in the former case with hemlock-tanned leather, the new
solvent extractive in this casé was of a dark brown color and had
an odor of overheated tannin. \Where the new solvent was used

* The extractive first came over clear, but was of a slight amber color.
After three hours' extracting the contents of the extraction flask were
turbid and further extraction produced a flocculent precipitate which con-
tinued to incrcase as extraction prolonged. In this case the extractive
was filtered through a dry filter before the solvent was evaporated off.
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alone, without previous extraction with petrol ether the extrac-
tive appeared oily, with dark blotches adhering to the bottom
and sides of the dish. These were well washed with petrol ether
and dried. The residue was found to be partly soluble in water.

This led us to extract a larger portion of the leather to more
closely examine the extractive. Fifty grams of the leather were
used (see Table III). First extraction with petrol ether for
a period of nineteen hours. Ether was removed from the leather
and Soxhlet by evaporation.

2nd extraction with new solvent for 4 hours

3rd extraction with new solvent for 4 hours

4th extraction with new solvent for 15 hours
These extractives were treated with hot water. The
water insoluble was treated with absolute alcohol.

TABLE III.—Per cent. is based on original sample of leather.

Per cent. Per cent. soluble
Extrac- Per cent. soluble in in absolute
tion yield hot water alcohol

| ) S 2.490 None —_
ond Ll 0.012 0.318 0.504
ard L 0.206 0.138 o.108
sth o 0.637 T 0432 0.203

Total ............ 4.335 0.933 0.907

The table shows that of the total extractive 21.04 per cent. is
soluble in water. Of the new solvent extractive (a total of 1.845
per cent.), approximately 50.00 per cent. is soluble in water and
the balance soluble in alcohol. The alcohol soluble would suggest
oxidized fat, although it is possible that this portion contained
vegetable matter insoluble in water, but soluble in alcohol. Ox-
idized fat as a general rule produces a dark brown color with al-
cohol. The above alcohol soluble produced a pink in dilute solu-
tion and maroon in more concentrated form.

From Tables II and III it will be noticed that the petrol
ether extractions check fairly close. The same is the case with
the combined extractions of petrol ether and the new solvent in
Table II, however, these combined extractions do not total up to
the yield where the new solvent is used alone, the greatest dif-
ference being 1.43 per cent.

Also, the new solvent extractive in Table III shows 1.845 per
cent. whereas the mean in Table II is 1.40 per cent., these differ-
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ences are probably due to the length of time of extraction, that
is, the longer the extraction the more the yield. The sample of
leather used in Table III was not extracted further. The result
obtained with four extractions convinced us that the new solvent
could not be used for accurate purposes.

We next employed a number of chrome-tanned leather samples
for our work. These samples were practically all of the same
tannage using soap, sod oil and neatsfoot oil for the fat liquor
and finished with blood albumen in the season. Results follow.

. TABLE 1V.
After evaporating

Petrol ether petrol s hirs. ex- Total

extraction traction with extrac-
i 14 hrs. new solvent tion

Color Per cent. Per cent. Per cent.
Chocolate ................... 3.27 1.97 7.24
Chocolate ................... 11.70 1.29 12.99
Black ...l 6.45 0.93 7.38
Tan ..., 5.43 1.02 6.45
Natural chrome ............. 6.27 1.65 7.92

The extractive from the new solvent extraction in all cases were
of an oily appearance. The petrol ether extractive showed that a
very slight amount of coloring matter had been extracted, but in
the cases of the new solvent extractive a deep coloration was
present, with the exception of the natural chrome-colored leather
which was of a slight green color. This extractive had an ash
content of 1.57 per cent., the larger part of which was chrome
oxide. This is probably due to chrome soaps or complex organic
chrome compounds formed in the leather during fat-liquoring. A
large part of the extractive undoubtedly consisted of dyestuff
employed in coloring the leather and should not be reckoned as
fat. It is also possible that non-fatty matters such as the different
finishes employed are soluble in this new solvent for fat, for
example: Ten grams of commercial blood albumen were ex-
tracted for fourteen hours with petrolic ether with a yield of 0.86
per cent. of fat. This was further extracted witih the new solvent
for six hours with a yield of 0.91 per cent. of substance with
characteristics of anything but fat or oxidized fat.

After reviewing the above results our conclusions are that the
solvent suggested by Messrs. Wilson and Kern cannot be applied
to all leathers. nor to all conditions that exist in the different tan-
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neries and laboratories. The time for extraction would have to
be set for different kinds of leathers, depending upon the tannage
and the kind of oil or grease and finish employed in making the
leather. We cannot entertain the suggestion to substitute petrolic
ether with this new solvent, concordant results may possibly be
obtained on chrome leathers, but we doubt if all the extractive
could be termed as fat or grease. This surely holds true of vege-
table-tanned leather as shown in our results.

The authors feel that just criticism of a method or process will
arouse enough enthusiasm to have such method or process
brought before the eyes of the leather chemists in its proper
light, and in that way sift out the faults and flaws that would
otherwise render a method useless. We wish to express our
sincere appreciation to Messrs. Wilson and Kern for their criti-
cism of our method for the Determination of Fat in Leather as’
published in this JoUurnaL, X, 445 (1915), however, we believe,
that Messrs. Wilson and Kern have confined their efforts to
rather very narrow limits by making no more than a triplicate
analysis on one sample of leather with a medium fat content.
In our paper, loc. cit. we give analyses of thirty-two different
leathers in which the fat content varies from 1.31 per cent. to
35.92 per cent. We have employed this method in our labora-
tory for a number of years for the purpose of routine work only,
“but we have had many instances in which to compare both our
bottle shake method and the Soxhlet method.

In September, 1947, the writers had the pleasure of Mr. J. B.
Churchill's presence, (Director of the American Leather Re-
search Laboratories) in this laboratory. During Mr. Churchill's
stay here we had occasion to make comparative analyses by the
two methods in question. At that time, under the eyes of a very
careful and critical observer we found no fault in our method,
such as mentioned in Messrs. Wilson and Kern's paper, nor since
that time have we had any difficulties in obtaining concordant
results by 