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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE WEARING QUALITY AND OTHER PROPERTIES
OF VEGETABLE - TANNED AND OF CHROME .
RETANNED SOLE LEATHER !

By R. W. Fury, Chemist, and I. D. Crawke, Assaciale Chemisgl, Industrial Farm
Prarim:f.zg Division, Chemical and Technological Research, Bureaw of Chemistry
and Sol
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INTRODUCTION

During recent years the leather industry has been devoting attention
to the development of a sole leather by combining two distincet, well-
known processes of tanning—namely, chrome tanning and vegetable
tanning. The product is referred to as combination tanned, chrome-
retanncd, or suuply as retan leather,

Thuugh the process may vary in many minor respects, it consists
ossentiadly in tanning the hides first with chromium salts and then
with vegetable materials.  The reverse order of tanning has been fol-
lowed niso.  The object is lo make a leather reseinbling vegetable-
tanned sole leather in such propertics as color, firnmess, and substance
but having the greater durability of chrome-tanned sole leather.?

Foresl. depietion by man and discase is steadily decreasing the
supply of vegetable-tanning raw materials. Chrome tanning, more-
over, is & much shorter process than vegetable tanning. Because of
these conditions and other frctors future developments in the leather
mdustry may depend on chrome tanning. With this pessibility in
mind, the following experiments were made to obtain fundamental
dats on the wearing quality and other properties of chrome-retanned
sole leather ns compared to the long-established, well-known vege-
table-tanned sole leather.

1 It is desired to acknowledge hereby the nesistance in this work of L. R. Leinhach, frmerly of this divi-
slan, and the coridial cooperution of the Post Gtlica Department, the Washington City Post Gflice, sindt the
letter onrrierg of the District of Colambie,

Ve, FoP, FREY, I, W and CLARKE, [ D, WEARING QUALITIES UY SHOE LEATHERS, U. 8. Daept,
Apr. Dol 1168, 25 ., Dus, 103, {Hev 10843
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HIDES USED IN THE TESTS

An outstanding lenture of this study is its strictly comparable
nature as the two ldnds of teather used were made from alternate right
and left halves of the same hides. This fact should be kept in mind
throughout Lhe consideration of all the data.

Six steer hides from one lot of shorthorn cattle were used. They
were selected at the time of slaughtering and were uniform in size and
weight and free from cuts, scores, brands, grubs, and other delects.
The hides wore salted down in pack on January 27, 1927, and taken
up on March 9, 1027,

The uniformity of the weight of these hides is shown by the data
given m Table 1 on invoico weights and actual laboratory weights of
the green-salted hides. The laboratory weights are higher because of
no tare allowances and also because not all the fine salt in which the
hides were packed for shipment could be swept off,

Tanue L.—Nel furoice weight and actual weight of the grecisalied hides

- !chimniw Leboritory ihey BT Netinyoica} Laberatary
1Hde No. weight welght ilide No. weight walght

Ponnds Ponnda
58. 5 0.5
HLD
YELO

T Tcluding a nmnure beee of T peds, dIncluding o intgre tare of 3 poands.
T Inelading s anure tare of 2 powmds,

DIVIDING, TRIMMING, AND TANNING THE HIDES

Each hide was cut along the median or backbone line into two sides.
The two sides of each hide were then superimposed, flesh to flesh.
While the sides were held in this position, the head and shank picces
and the edges were closely trinimed off so that the entire outline of
one side coincided with that of the other. Holes were punched
through the neck and tuil ends of cach side for identification and for
location of points of coincicdence. This gave for each: hide two sides of
practically identical shape and size. The sides were then reweighed.

The trimmed left side of cach hide was placed smooth, hair side up,
on Iarge sheets of paper, and its outline was traced as carefully as
possible for subsequent ares measurements. _

The 1eft sides of hides 1, 3, and 5 and the right sides of hides 2, 4,
and 6 were made into vegetablo-tanned scle leather. The remaining
sides—that is, the right sides of hideg 1, 3, and 5 and the left sides of
hides 2, 4, and 6—were made into chrome-retanned sole leather.
The products of both tanners selected to malke these leathers have a
high rating for qualily by the trade.

The six sides for vegetable-tanned sole leather were put through
the regular tannery process and may be considered as typical, good
quality vegetable sole leather. The tanning materials used consisted
essentially of chestnut, quebracho, and oak bark.

The six sides for the chrome-retanned sole leather were first put
through & regular 1-bath chrome tannage, then neutralized and washed.
At this stage they were divided into three pairs of rights and lefts for
three degrees of retennsge. An effort was made to retan the first
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pair lightly to show a two-thirds chrome streak in the middle; the
second pair to o slightly greater degree, showing a one-third chrome
streak; and the third pair to a full retannage, showing no chrome streak.
The retanning was done b drumming until practically all the tannin
was taken up by the leather. For the vegetable retanning a blend
of 3 parts of a 25 per cent tannin chestnut wood extract and 1 part of a
35 per cent tannin sulphited (uebracho extract was used. After
being retanned and pile(]).foi' 24 hours, the sides were oiled in a wheel
with 1.5 per cent of sulphonated eod oil, set out heavily, tacked,
loft dried, and rolled. 'Il?le grain was not snuffed or buffed, and no
waterproofing treatment was applied to the leather,

WEIGHT AND AREA OF UNTANNED SIDES AND OF TANNED SIDES

The actual weights of the trimmed sides before being tanned and
after being tanned nre given in Table 2. They afford some interest-
g data on yield, a factor of interest and tmportance to the tanner.
In the table are given constant weights of the sides of finished leather
after they had been conditioned for five days at 70° F. and 50 per cont
relative humidity. :

TavLe 2-—Actual weight of trimmed sides before tenning and after tanning

Weight o Weight of| Retio of
'rL!g_" Rlele Kiwel of sole lenthior l”é}:‘m“ﬂc'l ﬁ‘;ﬂ'{f’&'l wciifht-lto
skda 1 xicle 1 iy
welght
R - ! .

Lot | \ b | I’nir‘udar CoPontx | Per cmﬁtu

HLele . Negetnble tutwied ool L . 24,50 (e
T Wight. .« Clirpme retanned (lfght) *. . 25,95 ; B Eh 32
2. e . [0 Vegetable tanned_ ... T 27.3!]1' 1) ]
2! Lefi, ., Uhrowe retanned (ighty 2 __.00 700 - 0. 25 ] ar
Al oL L Viegelable bwaned. LT 2500 17,50 K
A Mgl 4 Clicine retatined fedbumy i 0 L M, 25 950 a
4] .. - Yepotnte tanpeal ..., 2. 0t 14, 25 23
4 -t Chrome retanned fmeslivosy i, 0 7 07T . 400 8 50 R
5 e ee-ot Viegetnhlo tanned ). 02TH 15 7h 6
i ceeeeas! Phrome retained (heny 24 50 | 12 00 5l
4 aena| Vegolablo tanmed__ .0 .. o MR L. 5 fi
L} seecereeead Chrome rotatined (henvyy 10000 0 . 25,0 12 O 18
: Averugn, vegelnble tanned ... . ... .00 1L 50 i
! Avernge, chrome retanped ... 0. e 10. 0G 40

! Conatanl weight of finishetl leather nftor being comtiticned for five duys nl 70° F. und 50 frer ¢ent
relutive humidily,
' Megreo of retunnoge.

According to Table 2, 100 pounds of greensalted, cured, nntanned
hide yields on the nverage 66 pounds of vegetable-tanned sole leather
F but_only 35.75 pounds of chrome-retanned sole leather of light to
medium retannage and 49.5 pounds of heavy retannage. .

The data on the area of the sides before tanning and after tanning
are assembled in Table 3. Patterns of the trimmed sides and of the
leather made from them were cut from outlines earcfully traced on
post-card bristol. The patterns were measured in duplicate on a
leather-measuring machine of the pinwheel type.



http:Wel~htorlweigh1.0r
http:l'elnt.in

4 TECHNICAL BULLETIN 169, U. &. DEPT. OF AGRICULTURE

Tanvuge 3.—Area of sides before tanning and after tanning

Hatto of
Aren of

- tanned Lo
Tide Kind of sulo leattier tntanned untannod

[ ]
side sl

...t Yegelable thnned

oo Ohrgme retanned. ..

_| Vegetnble tanned _

| Chrome relanned .

.| vegelnble tanned

..| Chrome retnoned.

.| Vepstahle tanned

Chrome retanned oo e aree. aaaa
Vepelabte tannedd ... . . e .
Chromne relanned ..o L. Lol Laeae s
.| Vepetnble tanoed ... ... ... L.L L .
Clirving yetnnmmd . ..., . ..o,

DDA A e DA RS RS
T

Avarnge vegalable tatned o
Average chreme relannecd

1 ‘lu!c v e[.,elnbtc tanned, wns stolen from lem::umn starge belors oiztlioe Imcmg was made,

Although ths pmcodure used for determining the area of the sides
does not permit highly accurate measurements, the results so ob-
tuined are consistent in showing an appreciably smaller area for the
chrome-retanned sides.  According to these results the area of the
cured sicle is slightly increased when the side is converted into voge-
tauble-tanned sole leather, the average increase being 4 per cent.
On the other hand, when made into chrome-retanned sole leather,
the area of the cured side decreases, the average decrease being 6 per
cent.,  The averages given 1n Table 3 show that 19 square feet of cured
hade yield 19.8 square leet of vegotable-tanned sole leather and 17.85
square Teet of clirome-retanned solo leather. The difference in
area helween the {wo sides of hide 2 can be scen in Figure 1. On
the leli. (A} 15 the chrome-retanned side.  Its smaller area as com-
pared with its male (B) on the right, which is vegetable tanned,
18 npparent.

Irom the nverages of hoth Tebles 2 and 3, it is caleulated that 100
pounds ol cured hide has an arca of 76 square feet and yields 66
pounds or 79 square feet of vegetable-tanned sole leather; or 49.5
pounds or 71.8 square fect of chrome-retanned sole leather of heavy
retannage; or 35.75 pounds or 71 square feet of that of light to me-
dium retannage. In other words, 1 pound of the vegetable-tanned
sole leather has an area of 1.2 square feet; I pound of the chrome-
retanned sole leather of heavy retannage has an area of 1.45 square
Jeet; and T pound of the llght to medium retanned leather has an area

of 2 square feet.

LOCATION OF HALF SOLES AND TEST PIECES IN THE HIDE

The bend portion of earn side of leather—that is, the nearly rec-
tangular part extending along the backbone line from the root of
the tail to just back of the shoulder and down from this line to the
““breaks” or soft spots above the legs—was laid off into half soles
mnd test picces ns shown in Figure 1. The half soles, laid off as
alternate rights and lefts, were cut out with a die. After certain
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measurements of the half soles were made, they were paired, one
vegetable-tanned half sole with the exactly corresponding chrome-
retanned hall sole, as, for example, V-2-11 with C-2-11, V-2-12
with C-2-12, and so on. (Fig. 1.) This not only gave an equal
number of right and left half soles for each kind of leather but also
permitted rigid control of what is known as the “position” factor,

Figure L—Arrangement of hulf sales amdd lest pleces: A, Clromeretanned side of hide 2 B,
vepctoblo-tanned side of hide 2. EFeif sols C-2-11 wrs paired with V-3-11, 0-2-12 with V-2-12,
C-2-13 with V-2-13, end 50 on

or the influence of the part of the hide from which the sole is cut.
Experience and experiments > have shown this to be a very important
factor in the weanng quslity of soles. The half soles, paired as de-
scribed, were issued for actual wear tests, the details of which will
be given further on in the bulletin.

IVeren, F. P, and ROO%RY, J. 8. TIE WEAKR RESISTANCE OF LEATHER PROM DIFFERENT PARTS OF
THE HIGE.  Jour, Amer. Leather Chem, Assoc,, 13:80-40, 1918, VeItca F. P., FreY, K. W, awil FloLsay,
H. P. LEATHER S3HQES; SKLECTION AND CARE, U, 8, Dept. Agr. Farmers' Bul. 1523, 22 p., illus., 1927,
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AVERAGE THICKNESS OF THE HALF SOLES

The thickness of cach hall sole was measured nt five symmetrically
located points, and from these measurements the average thickness
of the entire bend section of each side was caleulated. These figures,
together with the figures showing the average thickness of the thickest
and thinnest hall sole of each bend, are given in Table 4, in thou-
sandths of un inch and in ealculated equivalents in irons, one iron
being equal to one forty-eighth inch.

Tasue 4.—Thickness of bend section of tanned sole leather

Thickness
Hidal g Kind af sole lenther
R Aver- | Maoxd- | Mini- | Aver- | Mexi- | Mini-
uge mm | Hiuvm nga mum | m
Inch Inch Fach { Ironxt | Jroma | Froue
1 | Vepetahle trnnstd e 0150 6| 0124 7. 48 917 8.05
i o Chrome remanied (LY ... .. .138 AT LG 0. 53 3. 30 4.8
a oo Vepetable tanned ... ... R 4 | LM LiH8 8. 5t 084 f 62
a4 Chrome reqsnned (1), ... 0 18 . 180 k] 7.35 8 & 6. 53
3 A Vepetabla taaned .. 167 LR L #6027 10,22 5.95
K] (“hrome rewanted (M 3 , 150 1A BRF ] 7,48 22 6.4
4 Vegetnbie tanned (.. .54 L 200 L1133 8.07 8,00 6,38
+ {hrome relatined (M . 148 178 20 7. 19 8, 59 578
1 Yegetable tanned .. . .- 4 .17 .he 144 R.55] 10,18 801
] Ciyroteee rotnnied {04 oL . 84 L2100 L] 882 | 16.08 0.0
I iron cnuals 35y or 0.02083 inch, T {A) = medium tannage.
1LY = light tannoge, 1 {11) = heavy tEnDuge.

In Table 4 alse is indicated the effect of the degree of retannage,
the thickness of the heavily retanned side {rom hide 6 being practi-
cally the same as that of the corresponding vegetable-tanned side.
The average thickness of the vegetable-tanned bends from the first
four sides is 0.165 inch or 7.95 irons; thet of the chrome-retanned
bends from the same hides is 0.149 inch or 7.14 irons. From these
same bends the thickness of the half soles of vegetable-tanned leather
ranges from 5.95 to 10.22 irons and of the chrome-retanned leather
from 4.51 to 9.22 irons. These dats indicate that o long-haired
55 to 60 pound green-salted steer hide will yield from the bend
scction vegetable-tanned sole leather of an average thickness .of
practically 8 irons, or chrome-retanned sole leather, of light or
medium retannage, of an average thickness of about 7 irons.

AVERAGE BREAKING STRENGTH AND STRETCH OF THE LEATHERS

Test pieces for determination of the breaking sirength and stretch
of the two leathers were cut out with a die having a test area with
pareliel sides 2 centimeters wide and 5 centimeters long. The
shape of these test pieces and the locations in the hide from which
they were cut are shown in Figure 1. Previous to being broken,
the test pieces were conditioned for three days at 76° F. and 50 per
cent refative humidity, weighed, and measured for thickness at
five points equally spaced over the test length.

The test pieces were broken in a motor-driven Schopper machine
with jaws set 10 centimeters apart. The rate of separation of the
jaws without load was prectically 5 centimeters per minute. Stretch
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was determined by measuring the elongation of the section of the
test piecce having paraliel sides. From the individunl results the
average breaking load for the bend section of each side was cal-
culated.  These figures are given in Table 5 s kilograms per centi-
meter width, pounds per inch width, kilograms per square centimeter
cross section, and pounds per square inch cross section. The streteh
is given as the percentage elongation nt the breaking load.

Tasue 5.—Strength and stretch of leather in bend section

Kilormmns | prynas |l b
4 5 RTINS antls 3,
I{-'J" Kine! of solu touther contimeter | Perinel | per square | per squnre lsgtﬁﬁt
e sleith width veniimetar tneh
1] Vesstadde tapnedd _ 0 Lo L L. L0 pEs] 341 4, 830 i
1| Chroe retndined . | 53 293 3,04t P
2| Vegetabiiy innan ! T A Ha 1,578 20
21 Uhronne relanite) 06 A ] 3, 854 3
4 Vegetabile tantmd i e 317 1, 50 9
31 Cheoma retenned. ... . - * 526 2% 3,429 i)
A Vegeisble tanme) L L L L L 138 768 413 4,452 17
S Uhwomee relanned ool o0 81 453 2 o4, {4 o
G Vepetulibe lnoned L iz T it 4,352 i
O Uhemmo retanned . oL L. 1 2l 198 2,516 ]
Average, veusinhle tnnoed .. 42 ] 304 4. 603 1%
Avarnce, chrome retupied i 4] 2 3,357 3

Considering the common hide basis for these two leathers, the
Agures in the columns headed “kilograms per centimeter width?”
and “pounds per inch width™ are probably the most interesting
as they represent the strength of the leather as is.  They show the
vegetable-tanned leather to be much stronger than the chrome
retanned, the former having a breaking strength of from 45 to 55
kilograms more per centimeter of width. In other words, a strap
of the vegetable-tanned leather 1 inch wide would withstand a
pull of from 257 pounds to 315 pounds more than a similar strap of
the chrome-retanned leather before bresking. When the results
are calculated to unit cross section, or pounds required to break a
piece of the leather having a cross-section area of 1 square inch, the
vegelable-tanned leather 1s still decidedly stronger than the chrome
vetanned, showing that the difference in strength of these two
leathers is not owing primarily te their difference in thickness.

With increasing degree of retannage the strength of the chrome-
retanned leather appears to decrease. The data on this point are
too few, however, to justify any conclusions.

Although the vegetable-tanned leather is appreciably stronger
than the chrome-retanned leather, its percentage strefch at the
breaking load is less. 1t averages 78 per cent of the stretch of the
chromp-retanned leather.

DATA ON INDIVIDUAL HALF SOLES AND TEST PIECES ACCORDING
TO POSITION IN THE BEND

For those who may be interested in studying the individual
data especially in connection with location in the bend, the average
breaking load and streteh of ench test picce nre assembled in Table 6.
These data are listed according to their respective location numbers
and letters, as illustrated in Figure 1.
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Tanue §.—Breaking slrength and sireich of lest picces

Hide 1 Hida 2 i Eide 4 ILisle 8

5 Ponymels
Par cont per ineh Par cent

streteh stretel
of— | wilth o—

Pounds Pauneds I'ounds
Posititon per inch
of sidu width

ol—

. Poznely

Par cani: H Por cont . Ear cent H
1}t inch! 1 |ier inch|®, et Ineh

51"1;?311 widih stg?i_h width t’L('}l"h witlth

al— of— — uf— af—

vl vy ee

1] 38 20 T
NEEHETT zu; 501
T e 22 et
g% el = 'rs[ 14
ENRIT 424
i zai Rl
xy 052
21f oy
L [ uas
5 445 22| S
o3l "k 851
L Kk
48] PR T
A b 77 4
S »l W1l At

P ¥=vepetaldy Lun;lml. . 2 O =pehrame rl.‘lulu.w:-i.
DENSITY OF THE LEATHERS

Trom the portions of each side remaining after the half soles and
test pieces had heen cut out, samples were taken for the determi-
nalion of densitics. Samples to represent the kidney location were
taken from bhetween hall sole locations 32 and 43, (Fig. 1) For
the shoulder ocation they were cut out ol the center of the shoulder,
and for the belly section they were taken from the soft flanky por-
tion just below and behind the rear “break.” These samples should
represent the extremes of textire or fiber structure of a side of leather.

Samples for moisture were taken at the same time, wnd all samples
were conditioned at 50 per cent relative humidity and 70° T. before
being weighed and mensured.

Volume measurements were made by displacement of kerosene.
The procedure followed is a material modification of a method recently
deseribed by Porter?  Glass tubes of 50 cubie centimeter capacity,
1.5 by 44 centimeters, graduated to 0.2 cubic centimeter, were used,
Air-[ree kerosene was placed in the tube and the volume was read.
Vacuum applied for five hours eaused no significant difference in the
volume of the kerosene. The weighed samiple of leather was then
Ly‘;\tﬁpgluccd, and vacuum was upphcd intermittently until ail the air
Jiiy thg leather was removed, a period ol from two to four hours, ulter

igh

|

Ahe volwme was again read. The increase in volume in the
tube gives the volume of the leather minus permenble voids & or air
gpaces, The weight of the Ieather used divided by this volume was
Judscuan-the, density, or the weight in air of & unit volume of the
leather without voids.

Im,rinmih.m F‘Jlld‘rr‘ln(‘ GRAVITY, PER CENT VOID4, AND “I'II E UL o¥ LEATHER.  Jour. Amer. Louther

S0
"((-—pﬁll#h"‘l?\f; ?Hnij ﬁ 1-\plnt'(.lnout in Kerosene glves the brae vohiime,  The density of materials, such a3
ﬁugq ﬁ q I’ ’:F% i1 lias bu.n faunel o ditfer by 45 muach 25 0,1 geam per cubie cantimeter, Jepanding
(l
I

ey
14

T Hlll{l HUI
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Theleather was then taken from the tube, lightly wiped te remove
surface kerosene, and put into o tube containing & known volume of
kerosene. The resulting increase in volume gives the volume of the
feather plus voids. The weight ol the leather divided by this volume
was taken as the apparent density, or the weight in air of a unit
volume of the leather in its usual condition, including the voids ov
air spaces.

Correetion ol densities for moisture was made from data obtained
by determining densitics of an extra set of composite samples con-
ditioned at 35, 50, and 75 per cent relative humidity, respectively,

In Table 7 densitics corrected to a 12 per cent moisture basis
are given together with voids, which have been calculated from the
difference in volume owing to voids and expressed as percentage of
the volumo of the leather plus voids. Because of lack of refinement
in the procedurc used, the density figures probably are accurate only
to ong or two hundredths and consecuently are given only to the
second decimal.

TavLe 7.—Densities and vaids of lanned sole leather

[Corrected to 2 pur cant molsture]

—

Anpirent ansity or
woight af 1 cubic con-
timoler of lenther and

Density or welght of 1
cubic esntimeter of |Percentigo of voids in—
void-free leather of—

val —
Locatinn and bide Mo, ofds of
Vogolable | Chrome | Vegetable | Chrame | Vegatable | Chrome
tanned ratpnned tannod retanned tunned Tatunned
Kidney: ] G-ams Grama Grama @ramy
[ ' 1.04 0.70 1,39 139 25 40
1,04 .72 1. 40 1.38 25 47
1. 04 n! 1,30 .40 5 48
Lo7 T4 1. 40 1. 4% n 47
) 84 140 1,44 25 40
L. 08 N L38 1. 41 21 52
106 .73 1.37 L. 40 pot 47
1.03 .78 LM L 40 a2 465
L0 Wil 137 i.42 20 40
Lol .1 1.38 L44 25 44
0 . 1L.37 .41 3H 57
L L2 1. 38 1. 40 1 55
s L4 1,39 1,42 »n 4
. B til 137 1.41 37 30
93 . B3 137 144 a2 &

The values for density of the void-free leather are in surprigingly
close agrecment, the two types of leather showing no significant.
differences. The density of the leather [rom the three locations—
kidney, shouider, and belly—also is practically the same.

The apparent densitics, however, and conscquently the voids of
the products of the two tannages are materially different, the chrome-
retanned leather being much lighter and having a much higher per-
centage of voids. For the kidney area the average apparent density
of the vegetable-tanned leather is 1.044 grams per cubic centimeter,
whereas that of the chrome-retanned leather ranges from 0.7 to 0.84
gram per cuble centimeter, the Intter being the figure for the chrome-
retanned leather of the highest degree of retannage. In other words,

80295°—30——32 .
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8 sole of the chrome-retanned leather, depending upon the extent of
retannage, weighs only from 0.67 to 0.80 as much as a sole of the
vegetablg-tanned leather of the samoe area and thickness.
here ig also an appreciable difference in apparent density in sec-
" tions of the same side, at least between the kidney and belly sections,
the latter being of a lower apparent density for both tannages.

The data throw no light on relation between wearing quality and
density. Although the density of the two types of leather is practi-
cally the same, their woar resistance is markedly different. Regarding
apparent density, the chrome-retanned leather, which has tho greater
wear resistancs, has a lower apparent density, but for both tannagas
leather from the belly section fms a lower apparent deusity than that
from the kidney section, and yet soles from the belly region are
known to have much less wear resistance than those from the kidney
section.

The figures for voids are of interest in showing the empty nature
of the leather or the volume of air spaces, which in the chrome-
retanned leatheris roughiy one-half the volume of a piece of the leather.

CHEMICAL ANALYSIS OF THE LEATHER®

. The composition of the leathers used in these experiments is given
in Table 8. The following composite samples were prepared from the
broken test pieces from t%le bend: One to represent the five sides of
vegetable-tanned leather; another fo represent the two chrome-
retanned sides from hides 1 and 2; a third to represent the retanned
sides from hides 3 and 4; and a fourth for the heavily retanned side
from hide 6. These samples are identified as V, CR 1-2, CR 34,
and CR 6, respectively.

TABRLE B.—Chemical composition of the leathers

Leather snmples
Itemn
L4 CR1-2| CR34| CR§
Melsturm. e eeeeaaaaa Ter cont.. 7.2 7 .90 7.9
Insolublensd. .. ... ...... do.... 0.2 a8 3.4 20
Potroleum ather extract____ oo 4.0 2 5 L? 21
Hide subsinoee (N by 5.62)_. [ 3T0 62 7 622 4.0
Combined tonnin.._.... doo... %.1 221 0.1 322
Water solubles o _ doool. ma 1.4 37 0.5
Baluble tanain. ... o ... 14} 0.2 L4 50
Soluble nontennina. ... do.... 125 1.2 23 19
LT 1 S oo, 41 01 04 0.3
Totadnaho . do___. | ] a8 37 24
Mugnosium sulphate (g 5 do.... L 5 I (R AR NS
Total chromle oxida (CryOp ... . Aol 30 a2z 20
Acldiby V.. o.... [ 3 SO I OO,
Totnd sitlphetes (80201 ..ol ... & 19 L1
Noutral sulphates (309 oo .. 1.5 1.4 0.9
PH value ' ... — 3.4 a7 27 27

! Procter nnd Searle method, Dathols of Aoalysis, Amer, Leather Chem. Assn.

¥ Thomus' method. Methods of Analysis, Amor. Lepther Chem. Assn.

! Kohn and Crede procedure,  See the following publication: Ko, 8,, and CRepe, E. THE ACIOMTY OF
YEGETABLE-TANNED LEATHER. Jour. Amer. Lenther Chem. Assoe., 18: 185-114, 1523,

As previously mentioned, the analyses show, particularly by com-
parison of the data on combined tannin and total chromic oxide
(Cr2 Og), that the chrome-retanned sides from hides 1 to 4, inclusive,
were practically of the same degres of retannage and that only the
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side from hide 6 was of & materielly higher degree of retannage,
They also show that neither the vegetable-tanned nor the chrome.
retanned leather had been waterproofed or treated for this purpose
with oil or grease preparations.

WEARING QUALITY OF THE LEATHERS

The half soles, eut out and matched as described on pages 4 and §
with one vegetable-tanned half sole against its corresponding chrome-
retanned mate, were issued for sctual wesar tests to United States
mail carriers in the city and suburbs of Washington, D. C., and to
messengers in the Department of Agriculture. They were worn from
April to Decomber, inclusive. All the half soles were sewed on in
the samo way by the same shoo repairer without buffing, sending, or
staining, eekly calendar cards were issued to esch wearer, on
which records were kept of the hours the shoes were worn esch day.
These cards were collected, the records checked, snd the shoses in-
spected every woek or two. The first half sole of each pair to wear
tgrough wags replaced by another, and the wearing of the shoes was
cotitinued until the other half sole of the test peir was worn through,

The number of hours required by different persons to wear through
& pair of test half soles was found, of course, to vary widely, being
influenced among other things by the activity of the wearer, the manner
of walking, and the nature of the surfaces walked upon. From these
individual wear records the average relative wearing quality of the
two kinds of leather was calculated for esch group of test half soles
from each hide. The ratios showing how much longer the chrome-
retanned sole leather wore than the vegetable-tanned sole leather aTe
given in Table 9.

TasLe 9—Relntive wear resistance: Wear of chrome-retanned half soles as compared
« lo wear of vegetuble-tanned half soles, the latter in all cases being taken as 1

Wear resistancs of chrome-retanned half soles
on basls ol—
lide N Nl?:tnhar Unit
Hide No. nf tast o
. Unit hide
pairs Usnit thick- leather
Iﬁ‘g"' ness of § Sﬂt?‘l::!? stihstanoe
irons pe per ualt
area ares,
14 1.8 1.8 1.8 1.¢
14 1.8 2.1 1.8 31
18 L6 1.8 1.5 1.8
15 LT 1.9 1.7 20
i3 1.3 1.3 1.3 1.2

In 74 out of a total of 82 test pairs the chrome-retanned half sole
wore longer than its exactly corresponding vegetable-tanned half sole.
In only three cases did the chrome-retanned half sole wear through
first. In five instances it wore the seme length of time as the vege-
table tanned. These 5 were among the 18 test pairs from hide 6,
the hide from which the chrome-retanned side of the highest degree
of retannage was mads, and the only side that in this respect dif-
fered markedly from the others, as shown by the chomical snalyses,
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On the basis of the leather as is, without regard lor the difference
in thicknoss holween the two types, the chrome-retanned leather
from the first four hides wore on the averago from 1.6 to 1.8 Hmes,
or from 60 to 80 per cent, longer than the vegetable tanned. That
from the heaviest retanned side {rom hide 6 wore only 1.3 times or
30 por cent longer than the vegetable tanned, showing the decided
influence of heavy vegotable retanning of chrome leather in reducing
the wear resisiance. .

The chrome-retanned loather of light or medium retannage is thin-
nor than the vegetable-tanned leather medo [rom the smine sides.
Conscquently, when tho wear resistance of the leathers from the first
four sidos is caleulatod on the basis of the same thickness, 9 irons for
exampls, instoad ol expressed on the basis of the leather 'as is, the
rosulis show that the chrome-retanrnod leather has relatively a still
groater woar resistance. In the two leathers from hide 6 the rela-
tive wear resistance is the samoe on both bases beenuse the heavy re-
tannod leathor was practically of the samoe original thickness es the
vegetablo-tanned side.

Relative wearing quality is also oxpressed in Table 9 on the basis
of unit hido substanco per unit arca or the ratio of the hours required
to woar awny a piece of the sole 1 centimeter squere and thick enough
to contain 1 gram of hide substance. The number of hours wear
from which these ratios wore caleulated was obtained by dividing
the number of hours actual wear by the grams of hide substance per
piece of leather 1 centimeter square.

The value given in cach case in Figure 2 is the grams of hide sub-
stance in & piece of leather having an area of 1 square centimeter
that had been conditioned at 50 por cent relative humidity and 70° F.
This valuo is tho product of per cent hide substance, apperent den-
sity, and thickness, all determined on the conditioned leather. Hide
substance was calculated from nitregen determined on individuel,
samples cut from the shank end of each half scle. Apparent density
was detormined on tho test pleces distributed between the helf soles.

The data in Figure 2 show that & piece of the vegetable-tanned
leanther conteined practicelly the same quantity of hide substance ss
a picce of the chrome-retanned leather of equal ares made from the
same hide and taken from a corresponding position in the side. This
quantity may be influenced by 2 number of {actors, such as unequal
losses of hide substance before and during the tanning of the sides,
changes in the area of tho sides, and vanations in thickness., Both
these loathers were made from the samo hides. It is safe, therofore,
to assume that the concentration of hide substance originally was
cssentially the same in both sides of the hide. Considering this and
also the data presentod in Figure 2 and the previously noted changes
in ares during the tanning, the sides made into chrome-retanned
leathor must have lost, cither before or during tanning or at both
stages, more hide substance than did those made into vegotable-tan-
ned leather, which greater loss was counterbalanced by the.relative
shrinkage of the chrome-retanned sides, giving again for the two fin-
ished leathers about the same quantity of hide substance per:unii
aren for corresponding positions.

The results given in Figure 2 are typical in their relationship of the.
same data for the leather from the other hides. They show & wide
variation in the total quantity of hide substance in a piece of the
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leather or in a half solo of a given area depending upon the position
in the bend. In the vogetable-tanned leather from hide 2 the largest
q]un.ntity of hide substance in a half sole is 58 per cent greater than
tlro smallest; in the chrome-retanned leather from the same hide this
diflerence is 46 per cent.

The data for all the hides nre consistent in showing that tho half
soles containing the most hide substance are from the kidnoy and buté
region and that those containing the least are from the forward end

Chrome - reTanned Vegetabie-fatmed
side of hide Z side of hide &

B0OG
PO
DO
Qo0

o
0
0

Fiaong 2—~Weight in thousandths of s gram of hide substance per picce of leather
1 eentimeter square

of the bend along the shoulder and belly edges. These variations in
the quantity of hide substance per half sole from different locations
in the bend do not reflect differences in the percentage of hide sub-
stance alone, since the quantity is dependent also upon variations in
thickness and apparent density.

The data presented in Table 9 on relative wear expressed on the
basis of unit hide substance per unit area, considered together with
those in Figure 2, show that wearing quality or resistance is not
dependent entirely upon the totel quantity of hide substance in a sole
or piceo of leather, since half soles of the two types of leather, from
the same relative position in the bend, were shown to have practically
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the same quantity of hide substance per unit area but materially
different, weer resistance.

In comparing the wearing quality of sole leathers, especially leath-
ers of different types or of unknown history, it is desirable to express
the resuits for all leathers on & unit or common basis. There are
soveral bases on which reletive wear may be expressed, each of which
may be objected to on one ground or another, In Table 9 results
have been expressed on four diffcrent bases, including that of unit
Jeather substance per piece of leather of unit area, or, in other words,
on the basis of & piece of leather 1 centimeter square and of such thick-
ness as to contain 1 gram of leather substance, leather substance in
the vegetable tannage being taken as hide substance plus combined
tannin and in the chrome-retanned leather as the sum of hide sub-
stunce, chromic oxide, sulphates associated with the chrome, and
combined tannin. Such & basis, as & common one for expressing
comparative or Telative wear of various leathers, is suggested for
constderation as possibly least subject to the influence of such factors
as loading and filling materials that do not affect the actual wear,
and extent and pressure of rolling. For example, two pieces of leather
identical in all respects except that one is rolled until it is thinner
than the other will wear through in the same time if it is assumed
that rolling does not affect the wear, yet if the wesr is axpressed on
the basis of unit thickness the thinner piece of leather will appear to
he more wear resistant. A similar condition would be brought about
by filling and loading materials that affect the thickness of the leather
but not its wear resistance. For practical purposes it is probably best
to express wear data on the basis of the leather as is, but for compara-
tive studics nnd investigational work on fundamental factors that
really influenice the wear, some common or unit basis to which to refer
all results is more desirable.

The rate of wear or wear resistance of shoe-soling materials is not
their only property to be considered. Although the data show con-
sistently longer wear for the chrome-retanned leather, especlally that
of n light retannage, frequent objections were raised against this
leather on other grounds. The most important of these were slipperi-
ness and absorption of water during wet weather. Objection was
also made, but not so frequently, to the difference between the two
Teathers in affording protection to the foot when walking. The vege-
table-tanned helf soles were bettor in this respect, especially after
about one-half the sole was worn away.

An idea of the comparative permesability of the two leathers to
water may be gained from the data in Table 10 on water absorption
tests. For these tests & piece of leather was cut from the same position
in each shoulder along the edge immediately next to the bend. The
pieces were conditioned to constant weight at 50 per cent relative
humidity and 70° F., and then each one was immersed in 500 cubic
centimeters of water for one hour, and flexed ten times by hand ab
the end of each 15-minute period. After the picces had sosked for
one hour, the excess of water was lightly wiped off with a towel, and
each piece was weighed. The pleces were agsin immersed and left
undisturbed for 23 hours, after which they wero wiped and weighed
as before. The pleces were then allowed to air-dry and were finally
reconditioned to constant weight at 50 per cent relative humidity and
70° F. Apperent absorption of water is given es the difference between
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the weight after soaking one hour and the original conditioned weight,
expressed as(i)crcentage of the latter. Actual absorption of water is
given as the difference between the weight after 24 hours soaking and
the final reconditioned weight, stated as percentage of the latter. The
results show both a decidedly greater absorption of water by the
chrome-retanned leather und the influence of retanning in reducing
the absorption.

TaBLE 10.—Comparative absarplion of waler by tanned leathers

['Test pizee from shoulder-bend edge]

Apparent absorption in | Actunl absorptios In 24
3 hour hy — bours by -

nidBND. - -..._‘ - ._..,_.._

Vegetabin | Chrame  Vegetnble | Chrome
tumned retanned  tanned retanned

1
Percent  Per cent Fer cemt Per eent
3 7 & 892

L e e e e e e e e e e I 70

2. F i 53 90
4. H 85 a5 a7
i S 41, 58 50 Y8
L L B 04 ) L]

CONCLUSIONS

The data presented afford a number of interesiing comparisons of
vegetable-tanned sole leather and chrome-retanned sole leather made
from the same hides.

According to these data 100 pounds of long-haired, green-salted,
cured hide yields 66 pounds of vegetable-tanned sole leather but only
from 32 to 51 pounds of chrome-retanned sole leather, depending
upon the degree of retannage.

When converted into vegetable-tanned sole leather the area of the
cured side was slightly increased, the average increase being 4 per
cent.  When made into chrome-retanned sole leather the ares was
slightly decreased, the average decrease being 6 per cent.

Caleulations based upon the averages of the weight and area data
show that 1 pound of the vegetable-tanned sole leather has an area of
1.2 square feet; t pound of the chrome-retanned sole leather of heavy
retannage an arca of 1.45 square feet, and 1 pound of the chrome-
}‘et.nnnea sole leather of licht to medium retannage an area of 2 square
eet.

Chrome-retanned sole leather of light or medium retannage is
appreciably thinner then vegetable-tanned sole leather made from the
same hide. For the hides used, the average thickness of the vege-
table-tanned sole leather from the bend section was practically 8 irons,
whereas that from the chrome-retanned leather of light or medium
retannage was ehout 7 irons. Heavy rotannage increases the thick-
ness to practically the samie as that of the vegetable-tanned leather.

As measured over the bend section, the tensile strength of the
vegetable-tanned leather is much greater than that of the chrome.
retanned, being from 45 to 55 kilograms more per eentimeter of width.
In spite of this fact, the strength of the chrome-retanned leather
appears to decrease with increasing degree of retannage. The dsta
on this point, however, are too few to justify any conclusions,
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Although Lhe vegotable-tanned sole leather is appreciably stronger
than the chromoe-retannad loather, its percentage streteh at the break-
ing load is less, being on the average but 73 per cont of the stretch of
the chromo-retanned leathor.

The density, or the weight in air of unit volume of the leather
minus permonblo voids, is practically the seme for the two types of
lenther.  Also, it is the samae [or the leather from the kidney, shouldor,
and belly regions of the sides.

The apparent density, or the weight in air of wait volume of the
leather as is, including voids or air spaces, is, however, materially
dillerent for the two lenthers,  For the kidney avea the average appar-
ent density of the vegetable-tanned leather is 1.044 grams ner cubic
centimeter; Uhat of the chrome-retanned ranges from 0.70 to 0.84
grom per cnbiv contimeter.  Leather from different sections of the
seme side also shows a difference in apparent density, that from the
belly section being of n lower upparent density than leather from
the kiduey section.

The results for pereentage voids show a large volume of voids or
nir in the feather,  The pereentage is greater in the chrome-reinnned
lenther, being roughly one-hall the vr:hmw of this leathor.

On the average the light to medium retanned chrome sole lenther,
even Though thinner thun the vegetable-tanned leather, wore from L6
to 1.8 times, or from 60 to 80 per cent longer.

The werr resislanee of chrome retanned sole leather decreases with
increasing degive of retannage.  The chrome-retanned half soles from
the bend of hanviest retannage wore but 1.3 times, or 30 per cent,
longer than the corresponding vegetable-tanned half soles.” Out of a
lotal ul 82 test pairs, 74 of the chrome-retanned half soles wore longer.,
Only 3 of the ehrome-retanned half soles wore through in less time
than the vegetable-tasmed hall soles, and but 5 of them in the same
lengih of time as the vegetable-tanned. These 5 were all from the
most heavily retanned side,

The duta do not show that wearing quality is indicated by tensile
strength nor (hat it is dependent primarily or entirely upon the total
qunntity of hide substance present per unit arca of the leather.  More-
over, no relationship is evident hetween cither density or apparent
density  and wenring quality.

Although the chrome-retanned sole leather wore appreciably
longrer than the vegetable tanned, it showed several seriousiy objee-
tionable featnres, It was quickly penctrable by water, it whs sip-
pery i wet weather, and it frequently lacked sufficient solidity to
protect the foot against uneven surfaces, especially after about one-
half the sole had heen warn away. These tendencies were inversel
proportional to the degree of retannage and consequently also to their
wearing quality.  The more heavily the leather was retanned the less
rendily it becwme wet, the less it slipped, and the greater was its
solidily, but also the less was its relative wearing quality.

A nuimber of different processes are followed in making both vege-
table und chirome-retanned sole leather, particularly the Iatter, includ-
tng variations in the order and extent of tanning, the time of tanning,
and the presence or absence of constituents other than leather sub-
stance.  Beenuse of these varintions and their possible influence on
the quality or properties of the resulting products, the data presented
here should be considered as applicable only to leather of the types
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described and not as invariably true of the properties of all vegetable-
tenned and chrome-retanned sole leather. It should be borne in mind
esFecially that the chrome-retanned sole leather used was not of the
filled or waterproofed type.

From these experiments, from other work, and from practical obser-
vations, there ¢can be no doubt of the longer wear of leather entirely
or predominately of a chrome tannage. | ikewise, there is, as a rule,
no question regarding the superiority of vegetable-tanned sole
leather in respeets other than wear resistance. The development of
an entirely satisfactory product combining the good properties of
both by a process comparing favorably in spred with that of the
chrome-tanning or chrone-retanning processes, 1s, indeed, worthy
of the serious and concerted effort of the industry. Such a process
should be attractive particularly to the progressive tanner of vege-
tabie heavy leathers in helping him to solve one of his ost serious
problems—that is, an extremely slow turnover—to say neothing ol the
possibility of producing a leather having both a lower production
- cost and greater scrviceability,
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