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THE WEARING QUALITY AND OTHER PROPERTIES 
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RETANNED SOLE LEATHER 1 
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INTRODUCTION 

Dmi ng I'pf'('n t. Y(1fll'S t.l}(11eather ind ustry has been devoting attention 
to UH' d('v('lnpnll'n t of 11 Role leather by combining two distinct, well­
known Pl'O('('SS('S of Lnnning-nanll'ly, chrome tarming and vegetable 
tanning, 'rIll' produd is rorel'l'ed to as combination tanned, chrome­
mtanlH'd, 01' simply liS roLnn l('uthor. 

Though til(' pro('('ss may VIII',)' in many minor respects, it consists 
oss('ntinllv in tanning' tlw hid('s fil'st with chromium salts find then 
with v('gctnble rnnt('I:init.;, The I'(w('rse order of tanning has boen fol­
low('d. also, Tbe. obje('t is to mn,kc It lOltther resembling vegetable­
tllIllH'd solo 1('l1tl1('r in sud} properti('s as color, firmness, and substance 
bu t luning the greater dUI'Ilbility of chrome-tanned sole leather,2 

Forest. depletion by man and disease is steadily decreasing the 
supply of \'('g(1table-tanning raw mllterirus, Chrome tanning, more­
over, is 11 ll1u('h shorh'>l' pro('css than vegetable tnn.ning. Because of 
thes(' ('onditions Imd othcr factors future developments in the leather 
industry may depend on Chl'OIll,C tanning. With this possibility in 
mind, the following experiments were made to obtain fundamental 
datu, on the wcadng quality and other properties of chrome-retanned 
sol(' irlltlH'l' ns ('om pared to the long-established, well-known yege­
table-tanned sole lenther. 

I IL is desired to acknowledgo herebr t.he IIssistance in this work of L. R. Leinbach, formerly of this divi­
sion, lind the cordinl cooperation or tho Post OUlce Depnrtment, the Wnshington City Post Office, and the 
letter rnrriers or the District or Columhia. 

1 \"EITCII. F. P., ~'IU:Y. R. W., and ('LARIn:, I. D. WE.\IllNG Q\I.\WTIES \IF SHOE LE.\THEIIS. U. S. Dept. 
"\gr. Dul. 1lllS, 25 p., illus. lU2:J. (Hov. lU2·1.) 

S0295°-3(}--1 
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HIDES USED IN THE TESTS 

An outstanding feature of this study is its strictly compal'llble 
nature ns the two kinds of leather \Ised were made from alternate ri~ht 
and left httlves of the same hides. Tlus fact should be kept in llllnd 
throughout the ('ollsidemtion of ull the data. 

SLx steel' hides fl'om one lot of shOl'thorn cattle wore used. They 
were selected nt the time of slaughtering and were uniform in size and 
weight nnd free from cuts, scores, bl'llnds, grubs, and other defects. 
The hides were salted down in pnck 011 January 27, 1927, and taken 
up 011 March 9, 1927. 

The uniformity of the weight of these hides is shown by the data 
givl'n ill Tnble 1 on invoieo weights and aduaIlllboratory weights of 
the gl'een-salted hides. The labol'lltory weights are higher beeause of 
no titre allownnres und also bee!1l1se not aU the fine salt in which the 
hides were packed for shipment ('ould be swept ofl'. 

TABLa l.-Net £I!eotcc weight. and actual weight of lite greviL-salled hides 

Il~et'~I~\.o~;-1 ~:l\homtorY I mde~:~~-··~~!~~;in.vo. ice LaboratorylIftlu :-\n. wcf~ht weight weight welght 

- .•------.. ~-. "1 ·-·-··~I I' -. 
Pound.• 

t. ....................._--' pOIl'~~~"1 POllno~'. 5 .ji 4...................- •••••1 POIL1~~ Ii rIO. 5 
2.........................-1 51i.5 If".5 ,5.......................... 57.5 til. 0 
3..........................] 5;. Ii , no. 51: 6.........................1 5i.5 364.0 
_____..~____'~~ __....._..~_~_~~ \ - I _~___ 

I Tnrlutiing 11 Itlilnurc ture. ,)( 7 ponl1(is. 3 [ndulling a manure tnre of 3 pounds. 
:l I nclutling n manuro tnre or 2 pounds. 

DIVIDING, TRIMMING, AND TANNING THE HIDES 

Each hid(' was cut along the median or hackbone line into two sides. 
The two sides of eaeh Inde were then superimposed, flesh to .flesh. 
Whil(' the sid('s WNe h('ld in this position, the head and shank pieces 
und the cag('s w('re dosely trimmed off so that the entire outline of 
Oft(' sid(' ('oincided with that of the other. Holes were punched 
through th(' neek and tllil ends of each side for identification and for 
loeation of points of ('oincidence. This gu,ve for each hide two sides of 
prneticully idouti('nl shupe and size. The sides were then reweighed. 

TIl(' tril1Jm('d left side of each hide was placed smooth, hair side up, 
on lurge sh('ets of papm', und its outline was traced as carefully as 
possible for subsequent area ll1easuren~ents. . 

The jl'ft sides of hides 1, 3, and 5 and the right sides of hides 2, 4, 
.. and G were made into vegetable-tanned sole leather. The remaining 

sides-that is, till:' right SIdes of hideli 1, 3, and 5 and the left sides of 
hides 2, 4, and 6-were made into chrome-retanned soie leather. 
The products of both tanners selected to make these leathers have a 
high rating for q unlity by the trade. 

The sL" sid('s for vegetable-tanned sole IeathOL' were put through 
the r('gullll' tnnnery process and may be considered as typical, good 
quality Yeget,nblr sole leather. The tanning materials u::;ed consist,ed 
essentially of ehestnut, quebraeho, and oak bark. 

The six sides rOI: the chl'oll1e-retanned sole leather were first put 
thl'ou~h a regular I-bnth chrome tannage, then neutralized and washed. 
At thIS stagl' t1wy were divided into three pairs of rights fmd lefts .for 
three degrees of retannage. An effort was made to retan the first 

http:mde~:~~-��~~!~~;in.vo
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piliI' lightly to show a two-thirds chrome streak in (,he middle; the 
second pllir to n slightly gmatCl' degree, showing a one-third chrome 
streak; und the thil'd pail' to a fullretllnllage, showing no chrome streak, 
The I'etllnning WI1S done by dl'Umming until pI'actically 1111 the tannin 
WI1S tllken up by the lenther, FOI' the vegetable retanning n blend 
of 3 parts of a 25 pCI' cent tannin chestnut wood extract and 1 part of It 
35 pCI' cent tannin sulrhited quebracho extract was used, After 
being retanned nnd pile( foi' 24 hours, the sides were oiled in a wheel 
with 1.5 pel' cent of sulphonated cod oil, set out heavily, tacked, 
loft dried, and rolled. The grain was not snuffed or buffed, and no 
wlltel'pl'oofing tl'eatment wns applied to the leather, 

WEIGHT AND AREA OF UNTANNED SIDES AND OF TANNED SIDES 

The Ilctunl wei~hts of the tl'immed sides before being tanned nnd 
Ilfter being tllnne(l al'e given in Tllble 2. They afford some interest­
ing dltta on yield, a fnctor of interest and importance to the tanner. 
In the tnble nl'e given constant weights of the sides of finished lenther 
after they hud been conditioned for five days at 70° F, nnd 50 PCI' cent 
l'elnt.in, humidity, . 

TABLE 2.--Ac/'t/(llwpight of trimmed side,~ before tanning and after tanni1lg 

Hide Wel~htorlweigh1.0r TIII.tio or 
;;idc II I IhushedNo. Kin,1 01 ~olo lelliher tlntllUlle,' tllllllel weight, to 

cured IIl~ishe<l Cllre<l 
side ,sHle I weiglit 

1--'-----------1-------- ­
1I Po,,,,d:r 1 POllwi" Ptr CEnt

I L~lt, ., "egulllhie IlInned•••••••••••••"....... 2.1. [~) : I~. [;() 5U 

I lli~hL. ,.f ('hrnnll\ rollin ned (Ught) ,............. 2.1.2,1 i Il. CO a2 

2 .....do.. ..' "egelnblo t""lo<L ...._.............. ~6.i"2'lO", j' t!\))•• ~,.}, 6\l

2 Lelt. : Chrome relunllod (Ugh!) ' __........... 37

a • __ .do.__ ._.1 \'egoluble I.llnlled •• _._ •• __ .......... " .. ,.. " , 2,;.00 'li.50 ;0 

a HighL. ..j Chromo rchlllllcd (medium) '........ ...... 24,25 \l.W 3U 

4 .....do. ..; \'egolnhle tnIlIlOI!. .. __ •••• _____ ......... ...... 24.00 16. 2.; 68 

4 LefL., .. .1 Chrome rctllllned (mo<lillm) ,..... ......... 2,1.00 S.W as 

,) ..... rlo ..... ''''j' \'egolllhlo lunno<l. ..........______ . . . . 2'.l. i,1 Ir.. i5 69

5 I Hight ....... ____ ('hromo rol.uIIIIl~1 (hom'y) , ____ .. 2:1. flO 12.00 ,Il1I1--·..dO-- .. ------ "ogelllblo lllllno.I. ... __ ••• __• __ ... . ~'fl,ro 16.50 62 
Il Lell.... __•___ • __ Chromo rolunued (hem,),) '........... , 25.00 I 12. 00 .18 


-~--:-------
A ,·erllga. "egolnble lunucd.. .."... .... 2.1.00 I 16. r,o 116 

I I A ,'.ruge. chrome rellluned ...... _.. '" ____ • .•21. ~____~~~()() 40 

I COII.~t:lllt weight nl Illlisho<l leulher IIcter being conditioned lor Ih'e dllYs lit iOO F. und ,;0 per cen t
relative htlmidlt~·. 


I Pegrcc 01 reluuuugo. 


According to TILblc 2, 100 pounds of grecnsalted, cured, 1Intanned 
hide yields on tho Itvl'mge 66 pounds of vegetable-tanned sole .leather 
but only 35.75 pounds of ehrorne-I'etafll1cd sole lenthcr of light to 
medium I'C'Lullllllge and 49.5 pounds of heavy rctannage. 

The dll(;u on the llI'ell of the sides before tunning ILnd Ilftel' tanning 
al'e Ilsscmbled in Tnole 3. Patterns of the trimmed sides nnd of the 
leathel' mude from them were cut from outlines carefully trlLced on 
post-cllrd t)l'istol. The patterns WOi'e measured in duplicate on a 
lelLther-mensul'ing machine of the pinwheel type, 

http:Wel~htorlweigh1.0r
http:l'elnt.in
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TARLg 3.-Area of sides before tanning and after tannin!! 

----~-------".-------------------------.-----.----.~---

Ratio oCAren oC Area of tllnned toHille untannedSide Kind oC sule lent her tauned untannedNo. cured side curedside side 

Sq. feet Sq.jeet Per ernt 
I LuCt••.••••••.•.. "egetable tanned ____ ._ ............. __ •••••.. __ • 18. 875 19.121; 101 

I Hight .......... . Chrome l'ctnnllcd ......... ~ ~ .. ~ •.• _••• ~ ___ ~ ___ .. _+ .. _.. 18.875 18. 000 95 

2 .....do .•• __ \'egetnble I.nnned __ ............................. 20.750 21.12.1 102
-0" 

2 LeCL.......... __ ChroIllo rctnlluccL __ ~ ___ ._~ •. _~ .. ~ __ ~ ~ ._ .. __ ~ .. _.. _ 89
20.750 18.500 a .....do . __ . __ . ,'egellible tllnned __ ... _......._............ __ .. . 19.2.",0 20.500 1116 
a Hight. Chrollle retnnned...___ • __ ... __ ••• _....... __ .... 19.250 18.375 95

.\ ___ •.do.. _. Vegulnble tanned .... __ ._ ••.. ___ ............. . 17.375 18.7.10 108 

0\ Len ____ ••...•• Chrome retnnnoo ............... __ ............ _ 17.375 16. 500 95 

S ~,. .... do~.~_~. _.. _ Vegelnble Innned....... _.. • ............. _ 18.750 <I> (I>

5 ltighL. ••.• ___ •.• Chrollle rotnnned .................. _. ____ . ___ •• 18. 750 18.000 96 
r. ____ .do __ ••••. __ • Ve~elnblo Innned...... _... _•• __ • .. ill. 000 19.500 103-0 ........... 


6 LeCL .. ____ •••__ • Chrome retnnned......... _.•• ____ ........... __ 19.000 17.750 93 


A \'ernge vegetable tnnned ___ ~_ ...... ~~. __ .. ___ _ 19.000 19.800 104 
A verage chromo retnnned ..... __ .. ~_~ ~._ .. ___ ~. 19.000 17.850 94 

I Side 5, veget.nhle tnnned, WtlS stolen Crom lemporur;' stortlge beCore outline trueing was made, 

Although thp. procedUl'o used for determining the area of the sides 
dors not permit highly aCCUl'!tte measurements, the results so ob­
(,[Lined tue ('ollsistcn t in showinff !tn !tppreciably smaller area for the 
eitrolllr-l'ct.!tnlled sides, Aecording to these results the !trea of the 
('ul'cd sidr is slightly increased when the side is converted into vege­
tllble-tllllnod solo leather, the average increase being 4 per cent. 
On the othor hand, when made into chrome-retanned sole leather, 
til(' 111'('11 or tho ('ured side decreases, the ILvel'llge decrease being 6 per 
('ent. Tho fIYrl'ngrs given in Table 3 shc)w that 19 square feet of cured 
hide yield 19.8 sq ultre fret of vegetable-tanned sole leather and 17.85 
SqUIlI'C I'rrt or chrorne-rctanncd sole leather. The difference in 
Ill'rll hrLwren t,he t.wn sides of hide 2 ('an be seen in Figure 1. On 
ilw Ipl'L (A) is Lhe ehl'Ollle-retllnned side. Its smaller area as com­
pnl'rd with its male (n) OIl the right) whi<.'h is yegetable tanned, 
is n ppn I'pn t.. 

From till' IIVCI'Ilg't'S of both Tables 2 and 3, it is calculated that 100 
pounds of <"lllwl hidp has an Ill'en of 76 square feet nnd yields 66 
pounds 01' 79 sC[ullre frrt of vegetable-tanned sole leather; or 49.5 
pounds 01' 71.8 square fpct of ('hrome-retanned sole leather of heavy 
rt'tannllge; or 35.75 pounds or 71 square feet of that of light to me­
dium retnnnllg'e. In other words, 1 pound of the vegetable-tanned 
sole It'll tlwr hilS nn al'on of 1.2 square feet; 1 pOlmd of the chrome­
rptlllHlt'd sol(' lenther of heavy retannage has an area of 1.45 square 
feet; ILnd 1 pound of the light to medium retanned leather has an area 
of 2 square feet. 

LOCATION OF HALF SOLES AND TEST PIECES IN THE mDE 

The bend portion of eMil. side of leather-that is, the nearly rec­
tangular part extt'ncling along the backbone line from the root of 
thc tnil to just back of the shoulder and down from this line to the 
ctl)J't'nks" 01' soft spots aboye the legs-was laid off into half soles 
lind It'st piP('t's liS shown in Figul'e 1. The half soles, laid off IlS 

alteI'll/tte rights uud lefts, were cut out with It die. After eertain 
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measurements of the half soles were made, they were paired, one 
veget,able-tanned half sole with the exactly corresponding chrome­
retanned half sole, as, for example, V-2-11 with 0-2-11, V-2-12 
with 0-2-12, and so on. (Fig. 1.) This not only gave all equal 
numbm' of right and left half soles for each kind of leathel' hilt also 
permitted rigid control of what is known as the "positioll" factor, 

FJOUIlE I.-Arrangement of half soles and test pieces: A. Chrome-retnnlled side of hide 2; n,
\'egctllblo-tanlled side oC hide 2. Balf soil. C-2-11 was paired with V-2-11, (.'-2-12 with V-2-12, 
C-2-13 with V-2-13, and so 011 

or the influence of the part of the hide from which the s01e is cut. 
Experience and experiments 3 have shown this to be IL very impor'tant 
factor in the wearing quality of soles. The hnl!' soles, paired as de­
scribed, were issued for actual wear tests, the detILils of which will 
be given further OIl in the bulletin. 
---------------------"""-"""" 

I V~;l'rcH, F. P., and ROOERS, J. S. THE WE.'R IIESISTANC~; OF LE.ITIIER FUm! on'FERENT PARTS OF 
THE HIDE_ Jonr. Amer. Leather Chern, Assoc., 13:8IHlO, 1918. VEITcn ~'. P" ~'IIEY, R. W., and HOI.lIAN, 
H.P. LEATHER SHOES; SELEC'iION AND CAllE. U. S. Dept. Agr. Farmers' Bul. 152:', 22 p., iJlus., 1927. 
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AVERAGE THICKNESS OF THE HALF SOLES 

Tho thickneRs of ell('h hnlf solo WitS mellsured Itt five symmetrically 
located points, and from these measurements the Ilvernge thickness 
of the entil'(\ bend seetion of each side was calculated. These fi~ures, 
togethor with the figures showing the average thickness of the thlCkest 
and thinnest hnlf sole of ench bend, nrc ~iven in Table 4, in thou­
sllndths of an inch and in calculated eqUIvalents in irons, one iron 
being equal to one forty-eighth inch. 

TAIlLE 4.-Thickness of bend section of tanned sole leather 

Thickness 

D1da 
No. Shin Kind of sale leather 

A,·cr· 
nge 

Maxi· 
mUll} 

Mini· 
Ulum 

Aver· 
age 

Moxl· 
mum 

Mini· 
munl 

--)·----1---'--------1 '-' -- -"-------
Inch Inch Inch Irrm., 1 Iron! Irrm. 

I Left ••• _.".•_ Ve~etahle tlluned••••••••• _••. _•• 0.156 0.191 0.126 7.49 9. Ii R.o.,; 
I UlghL ••____ Chrome retlluued (Ll) •••••• _... 1 .138 • Ii:! .094 6.Ii3 11.30 4.51 
2 .••••do._, ". Vegetahle tllnned ...._. __ •••••. ,' .171 .205 . las 8.21 9.84 6.62 
2 Left. ... ,,_, Chrome rctanucd (I.). "". __ .... .15.1 .180 .130 7.35 8.64 6 .• 13 

__ •__'\0 ..:I \-"getahle tanne'I. ..~-..-- •• .167 .213 .124 K02 10.22 5.95. 
a Hight.. •• __ :: Chrome retnnned (M ') . '''""' .156 .192 .130 7.48 9.22 6.24 
4 •••••do •• \'egetllhle tllnned., ••.•___ ..•• __ .168 .200 .13:1 8. 07 9.00 6.38 
4 j,ert. ___ ••• __ Chrome retnnned (1\1). __ ••• _... .148 .179 .120 i.1O 8.59 5.70 
II Righl_•.••_. \'egotllhle tllIllled ••••••••..•.••• .li8 .212 .144 H.5S 10.18 6.91 
6 LeIL...... __ Chrome retnnned (n .) .•.•.•.._ .IS4 .210 .1-14 8.82 10.08 6.91 

I I iron equals ~~. or 0.02083 inch. , (M) = medium tnnnage. 
, (1.) = light tallllage. • (II) = henvy tannnge. 

In Table 4 also is indicated the effect of the degree of retannage, 
the thickness of the heavily retanned side from hide 6 being practi­
cally the same as that of the corresponding vegetable-tanned side. 
Tht'. average thidmess of the vegetable-tanned bends from the first 
four sides is 0.165 inch or 7.95 irons; that of the chrome-retanned 
bends from the sarno 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 data :indicate that a long~haired 
55 to 60 pound grlJen-saltcd steer hide will yield from the bend 
section vegetable-tanned sole leather of an average thickness ,of 
pr-actically 8 irons, or chl'ome-"etanned sole leather, of light or 
medium retannage, of IUl ILverag(' thickness of about 7 irons. 

AVERAGE BREAKING STRENGTH AND STRETCH OF THE LEATHERS 

Test pieces for determination of the brenking strength and stretch 
of the two leathers were cut out with a die having a test area with 
parn11el sides 2 centimeters wiele and 5 centimeters long. The 
shnpe of these test pieces nnd the locations in the hide from which 
they wcrc ('ut nrc shown in Figure 1. .Previous to being broken, 
the test pieces were eonditioned for three days at 70° F. and 50 per 
c{'nt l'ehltivc humidity, weighed, 11Ild measured for thickness at 
flv£' points equally spaeed over the test length, 

The test pieces were broken in Ii moto,'-driven SchoppeI' machine 
with j!lWS set 10 cent,imetel's apart. The rate of separation of the 
jaws without load was practically 5 centimeters per minute. Stretch 
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was ddermined by mpasurinO' the elongation of the se('tion of the 
test pit'('e hn.ving parallel sides. From the individual results the 
ayemge breaking load for the bend section of each side was cal­
(,ulated. These figures arc given in Table 5 as kilograms per centi­
meter width, pounds per inch width, kilograms pel' squnre centimeter 
cross; seetion, Ilnd pounds per square inch cross section. The stretch 
is giypn liS the pereeutage dougation Ilt the breaking load. 

TABLE 5.-Strength and streich of leather in bend section 

Kilogmllls
J[t.ll\ Pounds Kl\n~rnllls Pounds Per ccnt
r\ll. Kind 01 ~ole leather per per in('h per sQunrn [Y,lr sQunre('cntllllctel stretchwidth t't'ntimcter inch,..I<lth 

------------- ----1----1--- --',----
I \"~gl\tnhlo t!lnncd~~ ............. ~_ .... ~ ... __ . UO 341 4, 8.50 2".!1 C'hr01ne rCl'lIHlf."ti. ____ ~ ... __ .. ., •• ~,~a 1~1 26.1 3••41 24
~) Vc}!ct.lhtntnnrH.'d _.~~ .. _.. _.. ~~ .... ~_. 15~ 343 4,8.8 ~'O
2 C'hrollw rct:l.l1Iwd .... _•. ..,..w~* .. ~." " 100 271 3,8.,·t 31:l Ve~etnble tfin"",!. •.• _ ... _...... _ 13\1 317 -1,5011 HI
3 C"hrmne retnmw<L .,._~ ... ~~"' ... ~~~ !ll 23-1 3,:128 2B·1 \"cj!etnhlc tnlllll'd., ...__ ... _ ... _ 136 31:3 4.4,52 17
·1 (,hronw rctanned ............. ,. _' RI 21-1 :1.044 
 26
6 \'e~ctahl~ tnnned ..... ' _....... . 
 112 300 4,352 10
6 Chromo rot:l1lned. _ .. ~~~'"~~ ~ .... _ (It 1\18 2,81fl 2·1 

----~ ---1-----1-----1---

A vcrn_~e., \'c~etahll' IIIl1llNI. .. ., _I... _.... 1(~g.21 . ,'_, .98 3~~ 
A\·ern:t.:e, ehrollIc retnnned ._ .. ____ _~__ 521 236 

('onsidpriuf~ t Iw common hide basis for these two leathers, the 
fig-mps in the columns hellded "kilograms per eentimeter wid th" 
Ilnd "pounJs per ineh width" arc probably the most interest.ing 
fiS tiHT l'ppresent the strength of the kfither fiS is. They show the 
n~getllblc--tllnned Ienthel' to be much stl'Onger than the chrome 
retllnned, the former having u breuking strength of from 45 to 55 
kilograms more per ('entimeter of width. In other words, a strap 
of the wgetnble-tanned leather 1 inch wide would withstllnd Il 

pull of from ~57 pounds to 315 pounds more thlln It similar strap of 
the chrome-retllnned leather before brellking. When the l'esults 
are ('alculated to unit cross section, or pounds required to break a 
piece of the 1('11 th('1' having n (,ross-scction area of 1 square inch, the 
wg('tl1ble-ttlnn('d leathel'is still decidedly stronger than the chrome 
r('tnnnN\, showing that the ditl't'renee in strcngth of these two 
l('othpl's is not owing primarily to their diffel'enee in thickness. 

With in('reosing degl'ee of retnnnnge the strength of the ('hrome­
ret/lIl1lN\ lenth('r nppellrs to de(,l'ease. The data on this point are 
too few, ho\\'e\'er, to justify any con('lusions. 

Although the n{getable-tann('d leathet' is Ilppre('iably stronger 
thllll the ('hl'ome-retllnned l('ather, its pel'('entage stretch at the 
br('nking lond is less. It avernges 73 per cent of the stretch of the 
chl'ome-l'etnnned leather. 

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

FOl' those who may be int(,l'('sted in studying the individual 
datil espe('ially in ('onnection with loeation in the bend, the average 
bl'enking load Iwd st:r{'teh of en('h t{'st pie('e 11I'C assembled in Table 6. 
'fh('se datn 111'('· li!'1ted accol'(\ing to their l'espective location numbers 
Hud I('tters, ns illuslrnt{'d in Figure 1. 
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TABLE 6.-Breaking strength and slretch oj lest pieces 

Positiou 

or side 


_____I_V_' t' '. ~~. (' I \., (' I ~~ C' VIC' V' C' V' C 1. V , I(" \" c '[ \'l ~ 
A •••••••••••.•• (161 :158 23 201722 454 20 21\ 661 40n 20 23 812 375 21' 22. (ilO 3"1 17 JS 
11 .............. 027 4211 27 201801 [';;'1 22 37 650 47ll ~'O 27 840 414 181' 27; 711 ~'O. 23 25 
C .............. 7·15 :lIrl 2'J 28194(1 H05 21 32 778 487 2.1 28 055 448 HI 21 700 4371 17 20 
D .............. I 818 1122 2:1 Zl 024 rm 17 32 SOO 515 17 21 784 358 JIl l!I;05 5711 17 27 
g ..............11124 500 28 28 U24 (1111 24 35 840 582 2'2 27 TJU 52(1 18 a5 nol 5\M 21 21) 
'" .........". 7112 ,'>04 25 25 8711 (~l(l 20 4:1 8(18 571 J!) 28 823 510 20 211 800154:11 23 2.1 
G. . .•.. .... S51 711 :lO ZI IJ52 700 21 2'~ illO IIlO 17 24 818 5411 10 2'1 874 /18:11 20 23 
Ii.. ........ U:J,I (144 2·1 21 IJ58 (kit I 211 Zl !1l3 554 2'2 23 7W 411S 1\1 24 1Il3GI 7111 24 23 
1.... . .... _ 857 571 22 20 \135 745 22 24 Oil:! 571 21 ~'O Sr,1 ·W;I 17 21 840 nOlil I\J IS 
J... ....1 7!)[, 4115 ~_;II 2'2 SUfi 482 20 .~Ol I\(itl "12 17 31 (;SO 4~~1 Iti ao r,so! -1421 l!I 24 
K.. . ... , Sl)[, .\4:\ 2:1 851 1155 I~ , 7112 541l 17 28 118\1 ,1:12 1a :l1t 7781 4141 18 21 

I 
L. . ..... [ H~~I[ iiWJ iii 22. 8112 IlW 17 as i7:1 [,10 18 2'2 84U 510 111 28 7!15 OW: l-I 24 
1\1...... ....•. 71~1 450 ~'O 25 711 W4 15 :1I 7r~1 4:1I Hl 2f, (j78 a~1 I;J 211 8:HI'I\l;j: 18 ~~I 
N~ .. ~._ .. _.. _ 005 40\1 17 2017li7 4:''0 18 :11 iOfl ·19:1 21 ;Jr, "IS :If,s HI a5 (\44 ' 4:11: HI 2!l 
u .... "'::..'~_' 74" "o;s 17 2'11 941 M!l 17 :!'J 7i:~ 5!i4 Ii!. 2:1 !102 ·121l If> _, 21~rll1-1 2U1 

, V", l'cgelHlJlo lnllllod. 

DENSITY OF THE LEATHERS 

From the portions of each side remaining Itfter the half soles and 
test pieces had been cut out, sn.mples were taken for the determi­
nation of densities. Samples to repre8e11 t the kidney location were 
Luken from between hall' sole locations 32 and 43. (Fig. 1.) For 
the shouldl'r location they were cut out of the center of the shoulder, 
and for the belly seetion they were taken from the soft flanky por­
tion just below lind behind tho rear "broak." These samples should 
represent the extreme:; of textut'e or fiber structure of a side of leather. 

Samples for moisture were taken at the same time, and all samples 
were eonditioned at 50 per cent relative humidity and 70° F. before 
being weighed and meusured. 

Volume measul'ements were made by displucement of kerosene. 
The proced ure followed is anUltel'iul modification of a method recently 
described by Porter." Gluss tubes of 50 cubic centimeter capacity, 
1.5 by 44 centimeters, graduated to 0.2 cubic centimeter, were used. 
Ail'-free kerosene was placed m the tube und the volume was .read. 
Va('uul11 applied for five hout's ('Itused no significant difference in the 
volume of the kCl'Osene. The weighed sample of leather was then 

'~J\tiliH4uced, und vacuum was applied intermittently until nil the air 
'nf'~m1f1;lq~ther was removed, a period of from two to foUl' hours, after 
'l'M .gil }!~f" volume wns again rend. The increase in voimne in the 
tu c glves the yolullle of the lenther minus pennenblc voids 5 01' nil' 
spaces. The weight of t,he lenthel' used divided by this volume was 
;lllJJ(JJJ(J~'"ih.el density, or the weight in fiU' of a unit volume of the 
letlther without voids. 
-"..,.--:-:--:----:------.---.--- ...~.--..-.. -~ .._..._------­.. -.~.. ~--~ 

InJJtrinJrw,fll. E'JrW.F.CIFII' Gll.WITY, I'~:R Ct;ST VOIDS, Asn." I'II.F. t·I''' Ot' L~:"TIH:II. JonI', Amcr. LOllther 
hhl)u\-, A~o\l, ~'l;3(k\2 11)211.

')~I1fiISTr/:lslil~j..,j thhtIlif.~(\Itll'emcnt in kerosene gil'os the lrlle \'oiumc, 'rhe density or mulerillis, such liS 
,"(1q1(~vdi1r, qlljl bt.q(l~,us beon roulllllo dltrer by us llluch as 0.1 b'flllllIJel' cubic (,mtimeler, uepcnulng 
UJlolll1lelllsplu(;Ju ilq ~ v,:cu.

ill ')(Ifr11/ 1I fl ()(W)!) 

http:lllJJ(JJJ(J~'"ih.el
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The leather was then taken from the tube, lightly wiped to remove 
sUl'facc korosene, I1nd put into it tubc containing a known volume of 
kerosone. The resuHing increase in volume gives the volume of the 
leather plus voids. 'fhe weight of the leather divided by this volume 
was taken as the apparent density, or the weight in air of a unit 
v?lume of the lCllther in its usual condition, including the voids or 
lur spaces. 

COITection of densities for moisture was made from data obtained 
by determining densities of an extra set of composite samples con­
ditioned at 35, 50, and 75 pet· cent relative humidity, respectively. 

In Table 7 densities corrected to a 12 per cent moisture basis 
are given together with voids, which have been calculated from the 
difl'erence in volume owing to voids and expressed as percentage of 
the volume of the leather plus voids. Because of lack of refinement 
in the procedure used, the density figures probably are accurate only 
to one or two hundredths and conseouently are given only to the 
second decimal. 

'l'il.llLE 7.-Densities and voids of tanned sale leather 

[Corrected 1<1 12 per cent llloisture] 

ApPllrent density or Density or weight of 1 
weighloflcubiccen· cubic l'Cntimeter of Percenlnge of "olds In­
~~~:';;f~lellthernnd "oid.freeleather of-

Location lIod hide ~'o. 

\-egelabls 
tanned 

Chrom~ 
retanned 

Vegetable
tnnned 

ChrolllO 
rctanned 

Vegetable
tllnoed 

Chrome 
retnnned ... ~ - .-..-~- .,-

Kidney: 
L ......................... 
2~_ •• ~ ~ •• ~. ~ ~ ••• ~ _____ .... __ .. 
3.......................... 
4.......................... 
6.......................... 

Shoulder: 

G-ama 
1.04 
1.04 
1.04 
1.07 
1.03 

Grams 
O. iO 
• i2 
.71 
.74 
.84 

Grams 
1.30 
1. 40 
1.30 
1.40 
1.40 

Grams 
1.30 
1. 30 
1.40 
1.40 
1.41 

25 
25 
25 
23 
25 

40 
47 
48 
47 
40 

I .......................... 
2•.••.•• _"'" ."••••••• __ • 
3........................_.• 
4.......................... 
6.......................... 

Deily: 
L ...... ____ ............... 
2.••_•••••• __ .............. 
:1.......................--. 
4.......................... 
fl.........................., 

1.08 
1.06 
1.05 
1.00 
1.01 

.01 

.02 

.03 

.86 

.03 

• (;0 
.i3 
• i5 
· il 
• iO 

· no 
.62
.n4 

no 
.115 

1.38 
1.37 
1.30 
1.37 
1.38 

1.3i 
1.38 
1.30 
1.37 
1. 3i 

1.41 
1. 40 
1.40 
1.42 
1.44 

1. 41 
1.40 
1.42 
1.41 
1.44 

21 
22 
22 
20 
26 

34 
33 
33 
3i 
32 

52 
47 
46 
40 
44 

57 
55 
54 
50 
54 

The yaltws for d('nsity of the void-free leather are in surprisingly 
close agreement, the two types of leather showing no significant. 
differences. The density of the leather from the three locations­
kidney, shoulder, and belly-also is practically the same. 

The apparent densities, however, and consequently the yoids of 
the products of the two tannages are materially different, the chrome­
rctanned leather being much lighter and havrng a much higher per­
centage of voids. For the kidney urea the average apparent density 
of the vegetable-tanned leather is 1.044 grams pel' cubic centimeter, 
wlwl'eas that of the chrome-retanned leather ranges from 0.7 to 0.84 
g1'l1m pel' cubic centimeter, the latter being the figure for the chrome­
retanned leather of the highest degree of retannage. In other words,; 

80295°-30--2 
• 
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a sole o( the chrome-retanned leather, depending upon the extent of 
retann~ge, weighs only from, 0.67 to 0.80 as much as a sole of the 
vegetabl~-tanned leather 'of the same area and thickness. 

There \f!\ also an appreciable difference in apparent density in SBC­

, tions of t\le snme 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 wear resistance is markedly different. Regarding 
apparent density, the chrome-retanned leather, which has the greater 
wear resistance, has 1\ lower apparent density, but for both tannagils 
leather from the belly section has a lower apparent density 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 
~~. . 

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

CHEMICAL ANhLYSIS OF THE LEATHERS 

. 'I'he 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 the bend: One to represent the five sides of 
vegetable-tanned leather; another to 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, OR 1-2, OR 3-4, 
and OR 6, respectively. 

TABLE 8.-Chemical composition of the leathers 

Leather snmples 

It~m 

V eR 1-2 OR 3-4 OR 6 

------.-----------1.-----------
Molsture ••• _........_••.•••.•••••••••••••••••••••••••per cent.. 7,2 7.7 7.9 7.9 

Insoluble IIsh ............................................do.... 0.2 3. 6 3. 4 2. 0 

!:~dtrolet!m, ether.~!t.fIIc~.."...............................~o.... 3,4.•9 2. 5 1.7 2.1 

1116SUos'"nce\Noyn.i12) ..............................uo.... 1 0 62.7 63.2 46.0 

Combined tnnnln ........................................do.... 24. 1 22. 1 ~.I 32. 2 

Wnter solubles ...........................................do.... 26. 6 1.4 3. 7 9.8 

Soluble ttmnln ...........................................do.... 14. 1 0.2 1.4 5. 9 

Soluble non tannins ......................................do.... 12. 5 1. 2 2. 3 3. 9 

Sugllrs...................................................do.... 4. 1 0. 1 O. 1 0. 3 

Tottll nsh ................................................do.... 1.9 3.8 3. 7 2. 4 

Mllgneslum sulphate (MgSO.7H,0) .....................do.... 4.1 .............................. 

Totnl chromic oxide (Cr,O.) .............................do.... .......... 3. 0 3. 2 2. 0 

Acidity , ....................................._..........do.... OA ..........._____ ......... . 

Total sulphntes (SO,)2 ................................._.110..............1 3. 2/ 2. 9 1.1 

Neutral sulphutes (SO.)2 .................................do.... .......... 1.5 1.4 0.9 

PH \'lIlue ' ..................................."..........010.... 3. 4 2. 7 2. 7 2. 7 


I Procter and Searle method. Methods or Analysis, Amer. Leather Chern. Assn. 
, Thomns' metholl. Methods or Analysis, Amer. Leather Chern. Assn. 
, Kohn nnd Crede procedure. See the rollowlng pUblication: KOliN, S .• and CREDE, E. TilE ACIDITY 01' 

YEG~T.\"LE·TANNt.:O LE.\TIIER. Jour. Amer. Leather Chern. Assoc., 18: 1811-194, 1923. 

As previously mentioned, the analyses show, particularly by com­
parison of the data on combined tannin and total chromic oxide 
(Cr2 0 3), that the chrome-retanned sides from hides 1 to 4, inclusive, 
were practically of the same degree of retannage and that only the 

• 
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side from hide 6 was of a matt>rially higher degree of retal}Jlage. 
They also show that neither the vegetable-tanned nor the chro~e­
retanned leather had been waterproofed or treated for this PUl'pClBe 
with oil or grease preparations. 

WEARING QUALITY OF THE LEATHERS 

The half soles, cut out and matched as described on pages 4 and 5 
with one vegetable-tanned half sole against its corresponding chrome­
retanned mate, were issued for actual wear 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 December, mclusive. All the half soles were sewed on in 
the sarno way by the same shoe repairer without buffing, sanding, or 
staining. Weeldy calendar cards were issued to each wearer, on 
which records were kept of the hours the shoes were worn each day. 
These cards were collected, the records checked, and the shoes in­
spected every week or two. The first half sole of each pall- to wear 
through was replaced by another, and the wearing of the shoes was 
continued until the other half sole of the test pair was worn through. 

The number of hours required by different persons to wear through 
a pair of test half soles was found, of course, to vary widely, being 
infl uenced among other things by the activi ty 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 each 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 are 
given in Table 9. 

TABLE 9.-Relatille wear redis/ance: Wear o! chrome-retanned .'wl! soles as compared 
• /0 wear of lIegetuble-tanned hal! soles, the latler in all cases being taken as 1 

Wear resistance of chrome·retanned half soles 
on basis of-

Numbru­

Hide No. of test 
 Unit bide Unitpairs Unit thick· substance leatherLeather 

as is ness Of 9 per unit substance 
Irons area PI'~t 

. I 
1.__ .................................. __ .....1 14 1.0 1.8 1.6 1. 9 


14 1.8 2.1 1.8 2.1 
18 1.0 1.8 1.5 • 1.8 
18 1.7 1.9 1.7 2.0 

1.3 1.2i~ ~~~~: ~ ~ ~~ ~ ~ ~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~ ~~~ ~~I 18 1.3 1.3 

------ .. .----~----~----~----~------~-----

In 74 out of a total of 82 t~st 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 same 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 made, and the only side that in this respect dif­
fered markedly from the others, as shown by the chemical analyses. 
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On tho basis of tim loftther as is, without l'cgard for tho clil1'erence 
in thlelmess betweon the two typos, tho ehl'ome-l'etaunod leather 
from the first foul' hides wore on the average from 1.6 to 1.8 timos, 
or from 60 to 80 pCI' cent, 10ngoJ' than the yegetable tanned. That 
from tho hoaviest 1'etanned side from hide 6 wore only 1.3 times or 
30 pel' con t longer than the vegetable tanned, showing the decided 
influence of heavy yegetable l'etauning of chrome leather in reducing 
the wear resistance. 

Thc ehrollle-l'et.annedieathor of light or medium retannage is thin­
ner thlLn the vegetable-tanned leather made fJ'om the same sides. 
Oonsequently, 'when t.he wear resistance of the leathers from the first· 
four sides is calcubted on the basis of the same thickness, 9 irons for 
examplo, instead of expressed on the basis of the leather'as is, the 
results show that the chrome-l'etanned leather hilS relatively a still 
greater wear l'esistance. In the two leathers from hide 6 the rela­
tive wear resistlLnce is the same on both bases beclLuse the heavy re­
tanned leather WtlS practically of the same original thickness as the 
vegetlLble-tanned side. 

Relative wearing quality is also expressed in Table 9 on the basis 
of unit hide substance per unit area or the ratio of the hours required 
to wear away a piece of the sole 1 centimeter square and thick enough 
to contain 1 gram of hide substlLnce. The number of hours wear 
from which these mtios were calculated was obtained by dividing 
the number of hours actual wear by the grams of hide substance per 
piece of leather 1 centimeter square. 

The vlLlue giyen in each clLse in Figure 2 is the grams of hide sub­
stance in a piece of lelLther having an area of 1 square centimeter 
thlLt had been conditioned at 50 per cent relative humidity and 70° F. 
This value is tho product of per cont hide substance, apparent den­
sity, and thickness, all determinod on the conditioned leather. Hide, 
substance WILS calculated from nitrogen determined on individual. 
samples cut from tho shank end of each half sole. Apparent density 
was determined on tho test pieces distributed between the half soles. 

Tho data in Figure 2 show that a piece of the vegetable-tanned 
leather contained practically the same quantity of hide substance as. 
a piece of the chrome-rotanned leather of equal area made from the 
sarne hide and taken from a corresponding position in the side. This 
qUlLntity may be influencod by a number of factors, such as unequal 
lossos of hide substance before ILnd during the tlLnning of the sides,. 
changes in the ILrea of the sides, and variations in thiclmess. Both 
these leathers were mlLde from the same hides. It is safe, therefore, 
to assume that the concontration of hide substance originally was 
essentinUy the same in both sides of the hide. Oonsidering this and 
also the data presented in Figure 2 and the previously noted changes 
in area dminO' the tanning, the sides made into chrome-retanned 
leather must have lost, either before or during tanning or at both 
stlLges, more hide substance than did thos(\' made into vegetable-tan­
ned IelLther, which greater loss WILS counterbalanced by the .1'ellLtive 
shrinknge of the clu'ome-retnnned sides, giving ngaiu for the two fin­
ished leathers ILbout the same quantity of hide substance pel" 11nit. 
ILrelL for corresponding positions. 

The results given in Figure 2 are typical in their rellLtionship of the. 
same datIL for the lenther from the other hides. They show a wide 
vlLriat.ion in the total quantity of hide substance in a piece of the 
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leather or in a half solo of It given m'ea depending upon the position 
in the bend. In the vegetable-tanned leather from hide 2 the largest 
quantity of hide substance in a half sole is 58 per cent greater than 
the smallest; in the chrome-retanned lctlther from the same hide this 
difference is 46 per cen t. 

The data for all the hides arc consistent in showing that the half 
soles containing the IlIost hide substance arc frorn the kidney and butt 
region nnd thltt those containing the least nre from the forward end 

Chron.e - ,.er..lIl1ecl Ve,.td.ble-td.Mecl 
side at hio.e Z 3ide 0t h i&e ~ 

eeee 68ee

eee'" 6B6B
eee eeee
8eee eeae

eS8'" ease 


}'WUItE 2.-Wolght in thousandths ot II gram ot hiue substnnce per piece of Jeather 
1 centimeter square 

of the benn 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 iu 
thickness and apparent density. 

The data presented in Table 9 on relative wenr expressed on the 
basis of unit hide substnnce per unit aren, considered together with 
those in Figure 2, show thnt wearing qunlity or resistance is not 
dependent entirely upon the totnl qunntity of hide substance in a sole 
or piece of Ienther, 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 substanco per unit area but materially 
different wear 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 results for all leathers on a unit or common basis. There are 
several bases on which relative wear may be expressed, each of which 
may be objected to on one ground 01' another. In Table 9 results 
have been expressed on four different bases, including that of unit 
leather substance per piece of leather of unit area, or, in other words, 
on the basis of a piece of leather 1 centimeter square and of such thick­
Ill~SS 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
stn,nce, chromic oxide, sulphates associated with the chrome, and 
combined tannin. Such a basis, as a common one for eAlJressing 
comparative or relative wear of various leathers, is suggested for 
considemtion 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 
idcntical in all rcsfccts except that one is rolled until it is thinner 
than the other wil wear through in the same time if it is assumed 
that rolling does not affeet the wear, yet if the wear is expressed on 
the basis of unit thidmess the thinner piece of leather will appear to 
be 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 e':"lJress wear data on the basis of the leather as is, but for compara­
tive studi.es und investigational work on fundamental factol's that 
really influence 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, especially that 
of 1\ light retannage, frequent objections were raised against this 
leather on other grounds. The most important of these wel'e slipperi­
ness and absorption of water during wet weather. Objection was 
also made, hut not so frequently, to the difference between the two 
leathers in affording protection to the foot when walking. The vege­
table-tanned half soles were better in this respect, especially after 
about one-hulf the sole was worn away. 

An idea of the comparative permeability of the two leathers to 
water may he gained from the data in Table 10 on water absorption 
tests. For these tests a piece of leather was cut from the same position 
in each shoulder along the edge immediately next to the bend. The 
pieces were conclitioned 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 at 
tho end of each 15-minute period. After the pieces had soaked for 
one hour, the excess of water was lightly wiped off with a towel, and 
each piece was weighed. The pieces were again immersed and left 
undisturbed for 23 hours, after which they were wiped and weighed 
as before. The pieces were then allowed to air-dry and were finally 
reconditioned to constant weight at 50 per cent relative humidity and 
70° F. Apparent absorption of water is given as the difference between 

http:studi.es


WEARING QUALITY OF LEATHER 15 

the weight after sonking one hour and the original conditioned weight, 
expressed as p~rcentage of the latter. Actual absorption of water is 
given as the differencc between the weight after 24 hours soaking and 
the final rcconditioned weight, stated as percentage of the latter. The 
results show both 11 decidedly greater absorption of water by the 
chrome-retllnned leather und the influence of retanning in reducing 
the absorption. 

TABLE to.-Comparative absorption oj water by tanned leathers 

[1'est piece (rom shOUlder-bend edge] 

.o\pparent absorption in I. Actual abS<lrpticlI1 In 24 
1 hour by - hours by -

IIide No. I 

\-egetnblo IChrome Vegetable Chrolllb 
_~/Jned ,retnnned 1 tanned retnnned _ 

L.__________________________________________________._. PeT c""~1 t Per Ctn~9 p", cenk 1 Ptr cent
92 

? ...... ~...•..--.--... -............ --.- .. -......... -....1 3.1; 791 55! 9Q
a..........._..... _..........• ." .. _....•.• _.... __ .. 3t, 85 53 9, 


~:: :::::::::::::::::::.:::.:::::::::::::'" _~~ I_~ : .._ ~~ t ___ ~ 
CONCLUSIONS 

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

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

\Yhen convCl-ted 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 area was 
sli~htly decreased, the avemgc decrease being 6 per cent. 

Calculations based upon the anrages of the weiCTht and area data 
show that 1 pound of the vegetable-tanned sole leather has an area of 
1.2 square feet; 1 pound of the chrome-retanned sole leather of heavy 
retannaCTe an area of 1.45 square feet, and 1 pound of the chrome­
retanned sole leather of light to medium retannage an area of 2 square 
feet. 

Chrome-retanned sole leather of light or medium retannage is 
appreciably thinner than vegetable-tanned sole leather made from the 
same hide. For the hides used, the average thickness of the vege­
table-tanned sole leather f/"Om the bend section was practically 8 irons, 
whereas thnt from the chrome-retnnned leather of light or medium 
retannage was about 7 ir-ons. Henvy retannage increases the thick­
ness to practically the same 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 kilogrnms more per centimeter of width. 
In spite of this fact, the strength of the chrome-retanned leather 
appears to decrease with increasing degl'ee of retanna~e. The data 
on this point, however, arc too few to justify any conclusions. 
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Although the '{egctllble-tanncd sole lenthel' is npprecinbly stronger 
thlln the chl'ome-1'etnnned lcntlwl', its pcrcentnge stretch at the hreak~ 
ing load is less, bdng on tho IlV"CI:age but 73 pC!' cent of the stretch of 
the ehl'omc-rotanlled lenther, 

The dnnsity, 01' tht.\ weight in air of unit volume of the leather 
milllls pcnnClLblo voids, is pmcticnlly tho Sllmc for the two types of 
lelltiHw, Also, it is tho slunc for tholonthor fl'om the kidney, should'3r, 
Itud bdly n'gions of tlH.\ sides, 

TIl{' nppnrellt density, or tho weight ill nil' of unit volume of the 
lentlH'I' liS ia, including voids or nil' spnccs, is, however, mnterinIly 
diH"t\\'{'nt for lhe two le(tthel's, For thl\ kidney nl'Oll. the nvemge n.pptlr~ 
ent ~I('[\sity of the vl'gctllblo-tnnllod 1('llther is 1.044 grams per cllbic 
eenllllll'tel'; thllt of the ehrwnc-retnnned I'Ilngl's from 0,70 to 0,84 
gl'lIl11 P<'l' ('\Ihi(~ (:ent imct.(w, LelltilCt: f!'Ollt diffel'Cnt scetions of the 
iliUIIl' Hide IIlso Hhows 11 <iifl'eJ'encn in apPlu'ent density, that from the 
})('lIy H('('!ioll hoing of 11 lower' appul'pnt density thltn Il.'nthl'r from 
til(' ki<lm''y Hl'd iun. 

Till' n'Hltll" fol' PPI'('PII tn~(' void" show II Illr~(' volume of voids 01' 
uil' in I ht' I('HUH'I', 'I'h(' PI'I'('('IIt.iI~(\ if; f{reu\.(,I' in the ('hl'olll('-I'('[/lIIlIed 
Ipitl 11('1', b('ill~ 1'()1I~ldy olw-htllf lite VOilllll(, of this lellt\wl', 

Oil !he 1l\'('I'II~(' tho lig-ht to lI1edium I'('tllllllc<i dll'ollle sole \PIlUl(lr, 
(,\'('11 {hollgh (lIiJlnl'I' t1l1m tlw. v('g(,.tllhll'-tnlllwd I('uther, wom from 1.6 
to LH limps, or fmlll 60 to 80 Ill'I' cent long/~r, 

'I'll(' Wl'lll' I'p"isluJlee of ehl'OlI1c retnnned sole IpnthCl' decl'(,lls('S with 
ill('r('n'iill~ d('g-Il'l\ of retnnllllge. The chrome-retnnncd hnlf soles from 
the bl'nd of II :'Ilvicst I'etnnnng(' WOI'C but 1.3 times, or 30 pCI' cent, 
lon~('r t hun the (,OIT('sponding v('gctnbl(,-tullncd hulf soles,' Out of a 
tolnl of H:! l('st pnirs, 74 of lhe ehl'Ome-J'etllnned hnlf soles wore longer. 
Only:! of till' ('hrom('-rdllnned hnlf soles wore through in less time 
t.han the Yl'g('tnble-tllllned hnH s01('s, Ilnd but 5 of them in the snme 
I('ugth of time liS the v('getnble-tnnned, These 5 were all from the 
1ll0Ht h('11Vily r(·tllllll('d side, 

Tlw <111 tli do 1I0t show thut wearing quality is indicnted by tensile . 
str('ngth nol' thnt it is d('JJl'ndent primnrily or entirely upon the total 
qunntity of hide subst/lI\ee pr('s(,lIt pN' unit nren of the leather, More­
0\'('1', 110 I'elntionship is evident between eithel' density or nppt\rent 
dellsity 11Ild wearing qunlity, 

Although the chromc-I'etnnncd sole lenther wore appreciably 
IOllgel' (hun til(' ngetnblo tnnued, it showed several seriously obiec­
tioJlllble fcatllr('s, It WitS quiekly penetrnble by water, it wus siip­
P(\I'Y ill wet wcather, nne! it frequently Inc ked sllflicient solidity to 
Pl'ot<'('t the foot IIguinst \lI\cyen surfaces, especillily Ilfter nbout one­
hltlf the sole hnd been worn nwny, These tendencies were inversel'y 
propol,tionul to the degrce of retnnnnge Ilnd eOllscquently also to t.hClr 
wNtring qunlity, The more h(,lwily the leather wns ,'etnnned the less 
rendily it h('ciulle wet, the less it slipped, Ilnd the ~relltel' waH its 
solid.ity, but ItiSO the less WlIS its relntivc wenring qllnlity, 

A 1Il\1l\1.>l'1' of difl'l'I'ent I)I'Ol'tlSSt.'s nre followed in mll,king both vege­
Lllhll'. /'Lilli ~.'lll'Onl('-I'(,tl\ lined solo ICllthel', pllrtieulurly the Ift.tter, includ~ 
ing vn ..il~Li()ns in til(' ol'(lel' und exton t. of Lllnning, the time of tanning, 
Itnd ~hn prl'SI.'IH'{' or nhSl'll('P of ('oJlstituents other thlln lenther sub­
StUIH'(,. Bet.'lllIse of these vtlrintions nnd their possible influence on 
til(' quality 01' pJ'()pertil's of till'. resulting products, the dntl1 presented 
hCI'(', should be considered u.s u.pplicu.ble only to leather of the types 
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described and not as invariably true of the properties of all ve~etable­
tanned and chrome-retanned sole leather. It should be borne 1Il mind 
especially that the chrome-retanned sole leather used was not of the 
filled 0/' waterproofed type. 

From these experiments, from other work, and from i,ractiC'1l1 obser­
vations, there ('an be no doubt of the longer wellr of leather entirely 
or predominately of a chrome tllnnllge. Likewise, there is, fiS a rule, 
no question regllrding the superiority of vegetuble-tanned solo 
leather in respects other thlln weal' resistance. The development of 
an entirely satisfactory product combining the ~ood properties of 
both by Il p/'ocess comparing fllvo/'flbly in speed with that of tho 
chrome-tanning or chrome-retanning processes, is, indeed, worthy 
of the serious and ('oncerted effort of the industry. Such a pro('ess 
should be attrllctive pllrticularly to the progressive tanner of vege­
tllble heavy \.ellthers in helping him to solve one of his most serious 
problems-that is, an extremely slow turnover-to say nothing of tho 
possibility of producing a leather having both a lower production 

. cost and grenter serviceability. 
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