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History tells us that the wheel {irst ceme on the horisoen of re-
corded ¢ivilization when it was inventsd by the Assyrians several hundred
ysars B, Cc It ig emazing to know that the>distance betwsen the whsels of
the ancient Assyrian charicts was almostvexactly the same as that of our
gtandard gauge. All through thess centuriss the distance betwssn th
wheels of wheeled vehicles has remzined the same. Apparently this hes
been dus largely to the facet that il wés easier to follow in the ruts
loft by othsr vehicles than tc attempt to change the géugeo Only with
the defelopment of hard aurf&omd roads in ralatlvelj racent timea have
we been &ble to get away from the standard gaugsc

This is & parable of ressarch, and not less so in its appli-

=3

cation to mﬁrket‘research than to technical resgsarch, As & matter of
fact, 1% has only been by the application of the principles of nmarkst
research in quits recent tiwes thaﬁ the distribution of goods has potien
out of the ruts of ths conventional concspts of past generations.

As ome looks et the fisld of lsather, its tennizg and subssguent

rzpufacturs, ona might say thalt cuo the cne hand it is a fairly simpls field



for the markst ressarch anzlyebt o study, 3ince the totel zize of ths

bhe zacertained., This

o
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merkst for chemicals in thisz industry can readil
is the czse because of the very simple principie thet ths number of
domegtic hides availasble to tan will be §rcportionaﬁ,to the amount of
mest preparsd toserve op the American dining table, sincs the basic
domestically produced material for lemther ig,a by-produst of the packing
industry, for which good basis statistical data are availabls. Similerly
tha mumbsr of imporied hidezs can rendily be ascertainsd from impeord
statisgtics.

On the other hand, the leathsr industry might be resarded as
the market ressarch man's nightmars, becauss the applicetion of eny
materiel to temning of leather follows less the application of engineering
principles or sciemntific rezsoning than the craft of the artisan. When
one sesks to find out why & particular material ean o: cannot be used in
the production of leather,; there iz little in the way of firm data which
can ke found to indicate what affect it may heave othsr than the ultimaie
Jjudgment of tha‘ays and hand of fhe skilled exeminer of the finished
lesather that it appears te be &£l right, It is & field in whicﬁ the
scientific study of the physical properties of materisls is still in a
rudimentery state, and where rasearch Lechniques for evalueting even
relatively gross differencss in physical sharacteristics resulting frem

F

sr
the applicaticn of differant materials ars very limitsd, whkerees those
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in the chemical Lnduat“%da?@ intoreated in thig £ield of

of you

leather ef & potantiel merket for products you new make or ars planning

to maks, fours is e quits different interest = that of the consumer of vour
productsc
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Retablishiment in research and devsiopmaut of new chesmical products for the

»

leather industry is iwo-fold: Tlret, our desire o improvs ths functional

£ -

and egulipment meds from leathsy, vhich in

rerformencs of milite
turn can be scecompliched only by Lmproving the physical prepsrtise of
militery lsather; second, the necessity for obteining relief from the

-

etark fact of the almost complsete dspendense of this country upon imports

of tenning materials, which could mot be expected to be availablae through
import in adequate quantity in tims of wer. The Lgathsr Reaearoh Progran
of the Research snd Development REranch of tho 0fFfice of The Wuartsrmmster
General is diracted along both of these lines,

There is no gecret to the fact that the demestic supply of
vegetable tenning materimls is comprised almost wholly of the uncut stand
of deed chestnut trees in The Southsasbern Appalachisn forests. These
troes, which were killed by the blight some years ago, ere the sole source

of chestnut tammin, which in Hurn is the only importent tanning matsriel

==



whic¢h is produced in this count Cn an optimistic hasig, what trees
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are left might sufmlv a sizth of the industry’s normal requirements for
another ten yeers. Beyond that {ims there 1s nc scurce in the producta

of forest and Tarm which can be counbed upon at this time to supply eny

It is true thaet the Ts 3. Dspartment of fLgriculture hasg for

%

meny ysars bveen studying alt tive sources of tmanin in the bark of

2

g Like cunaigre, a dock-like nlent

other trees, and from ¢
which can bhe growm in the arid regicns of the Southwest. Up to Lhis
date, none of these products provide commsrciel sourcss for tannin for
the lLeather indusiry as e whols, Small amounts of tsnnin from some of
these sources are understood to te in use;, but their limitetions, either
technical or economic, far overshadow such restricted usee.

In thils cetegory are such egourcas as VWestern hemlock bark and
redwood, frem both of which temnin extracts might be produced for the
leather industry., Production of a commercial tannin extract from the
former has besn ccnsidered to bs uneconomilc undar the methods of lumbering
currently in use in the Facific Forthweslt; whereas the dsvalopment of =&
satisfactory tannin extract from redwood has up o new been prevented
by technical congidsrationas

Currently the Department of Agriculiure, under urging from our
office and the Muniticna Board, is etbomphing to expsdite the completion
of techaical remsarch on the growth and extraction of tennin Ffrom ceznaigre

rects. This geurces is one of ths most promising of thaze sliernstive



souréeaa gince its roots contain as wuch as A0 percent tane It 1s beligved
frem both laboretory and limited plant tests thet good tannege mey bs ob-
teined with this extract, but full swvalustion of it swaits successful
seperation of the tannin on a commercisl basis from the ztart of the plaod
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¢ providing a domestic source of tennin for
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Ancthar appros

o lie in the utiligation of ligmo-
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the lsather industry is be

uifonatses and other by-products of the pulp and paper industriss. The
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ensmical strusture of the lignosulfonstes provides promise of Tanning

propertiss. Lignoeuifatse hevs ssemed an obvicus sourcs for an in~

.

sxpenaive material for tanning leather, end in fect, certein derivetives

of lignin ers now ussd in tenning blends end as filling agents in heavy

leathers», Such use is & fer cory from replacement tannims, but the hope
remains that by better understanding of the nature of the tanning process
e&nd the fundamentals ol the ectica of taunin, some way may be found to
convart euch materials into active tanning agents. The Institute of
Paper Chemistry three years ago under & research contract from the Quarter—
mester Corps initiated study in this field, and is currently continuiag
this study in conjunction with a mumber of the large firms in the paper
and pulp industry who era deeply intsreated in development toward this aend,
| The necessity Yor Finding & substitute for guebracho is accentuatsd
by ths fact tbat this meteriel is also being used in larze quantities as a
mud conditionsr in oil wsell drilling; hencs, any supply which might be

availebls in thia country would have to bs shared with the Peirolesum

> Froes




erties of the matsrial
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which make it deeirabls for uss in drilling muds are quite different from
thesse which enable it to ban leathsr. hLence it ig reasonabls to assuase
that meterisls which might not bes eatisfactory for tanning leathsr might
serve sdeguately for oil well driilimg. A&r a matler of fast; such is
sctually the case, and producte {row pulp end papsr mill waste, which

»
will not tan leather, already hevs replaced quasbracho for oil well drilling

through certsin types of rook strata.
Whils research is being sontinued Yo find a new natural sources

of temnin in products of forest and farm, two linmes of development in the
gynthetic chemical industry are proceeding to ilrisen militaty dependence
upon &gricultural tamnins.

The first is the develcpment of trus synthetic tanning materials-
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is is meant replscoment materials which actually substitute for
natural vegefabla tenning materials. One such material, Orotan, made by
the Rohm & Feas Company, is now on the market and ig being used commerci&liy
to a limited extent ot the present tims in the tamning ¢* leather. Until
recently the price differentizl betwesn this material and natural tapning

agents has been too great to parpit wide scale use of it in leather manu-

-

fecture. Recently with the substantial incoreess in the price of gusbracho
by the imternational cartel which contrels its production, ths diffsrential

hes narrowsd sowmewhatl.
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Tyelegtion of Oroten as fo ite uwhility io %anping wilitery issther is
currently vnderway. A full scals plant trisl o produce all of the =ola

£

lezther components focr military foobwezr, using 100 percent Orotan is Just now

being completed. Approximetsly 16,000 pairs of shees ars being mads, from
which & triel lot will be testeld To doterminc ths suitability of this
meterial for 100 percent replecament,
»

It is not surprising, accordingly, that there szhould bs other teunning
matsriels uvnder development in wndugtrve Several such materislsz are dmown
tc be in develecpmeni, Angcurczmasn: wes madso at the American Chemical Gociety
mesting in September 1848 in Woeshingtor of & new process developed by Winhsim
and Doherty. This procsss is besed upon & naw principls of tenning by which
the tannage is performed in twoe stagsa. The first involves reaction of ths
hide with a dialdehyde auch a&s moncmeric glyoxal. The first stage of tanniug
produces @ piece of lasather which is nobt Yoo impressive in physical propertissg
but one which is said to be cheomically reective, and which accordingly permits
reaction with resins, such as the ursss and/br phenel sldehydes. Polymerization
is zcoemplished in -situ with the pelymar chemiocally bound to the dialdshyds used
in the first elage of Lemning. The rate and charactsr of the polymer formed
influences tha character of the lsether. An interesting thing sbout this
approaéh te tonpage is the possibility which it shows of producing leather with
deiinite and contreliable physical propertisa.

Ho publioc anncouncement has vebl bsen mads with respect %o soms of the

other nsw tsnnages wiolch ars undersioed %o L9 8till in the davelom
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sarinias materisis mAEAs Ln Germany during
gl W (]

wer. The technisel invsstigstors sent te Germany by the CfTice of The Quarter=
rester General brought back e great deal of informetion sbout the "tanigans" and
related products develepsd by the I. Ge Farbsnindustries This information, bto=
gether with other deta cbtained on the development of Germen repiacsment tenning
naterials has been included in thrss lLeather Saries Reports preparsd by the
Research and Development Branch, O7fice of The Quartermaster Generals

Leatner Series-Feport No. 2 - "German Synthetic Temni Agents®
I A &

= "German Dxchenge Lipids for Lesther®
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Teather Series-Repord ?
Leather Ssries-Report H¥oo & = “The Tanigen Extra Stuffing Materielis”.

Thess reports are available from the Tanners’ Council, whers
they sre regarded as of such importapce that they have bsen reproduced
for distribution to the Tanning Industry, and also from tha Uof, Departwment
of Commerce.

The succesa of the Germenas in obtaining new synthetic banning
reterials from the chemical industry, that were adeguate to take them
through the war, is serdain tc stismulate our own chemical industry which
hes a gimilar opg&rtunityg not orly ir the event of & national emergency,
but even in pescstims when we are wholly dependent upon imporits of such
materialss

The second wey in which the chemical industry is lessening the

erislz
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demend for rabtural banning me g by ths outright repleocemant of
Y o I =

¥

leather by synthetic materials im the componsnte of soies, such ag the oubsole,

inzole, welt, midsols, and heeol 1ifte, ms wsll &3 in mschanical lsathers.




The substitution of the composition sols for lsathsr soles on
combet foobwear by the Army was e majer raplacsmsnt of this type. As a

mathsr of faect, it would heve been abeclutely impossibla te have supplied

AT . Sy 2 v BFL NS e d P O o e | w G 3. - Y . 3 e
-.;1_1::- B 2N 4 LA VT ”\AJ-J!-J. S e LQG‘\I"‘!\J&A &S.L.Rb ‘LQQU-;I\G‘:' SC&GSQ 31336 tha C\lwyc“

gition 301m was Tound to have several Uimes ths lifs of the leathsr soleo

hneg cpened vp the poseibliliity of rather large scele replecement of sole

oy

Lesther by thess matsrials. This type of product is generally preduced
as a synthetic rubber typs of compound with a low butadiens and a high
styrene contant. It has bean found Lo provids & guite serviceable out-
sole, and one which actually wesrs longer than natural vegstable ternned
loather. Replacement of sole lesither by the Hesolite type of compound is
currently under test in the Army®s shees, low querter, tan, which iz the
only me jor Army item of footwear which has not already shifted to &
synthetic sole in place of legther. The principls question to be resolved

is ome of comfort, whether the sgynthetic rubbsr smole provides as comfor-
+table & sole ms leathers,

What has besn said abova refers Lo vegetable tamming materials
used princ ‘p&‘ly in sole componenia, and for rstanning of upper leather
for heavy dubty footwsar. ¥ost upper lssther used in civilian shoes is
chreme tanned, but Army upper leathsr, in additien to bzing chrome tanned,

is then retenned with vegstable tanning msterisl. This retannegs mekss

for mors comforiable shossg, end lesather which dyies out sofher.




in ths other mejor division of lesthor mapulschure, chroms
temnegs, there ile the same problem of potential shortege arising frdm
dependence upon imports for our chemical chrome ores. &Sares chrome, as
vasic chrome sulfabte, ig used for the primary tannsge of all Army shoe uppsr
leethsyr, ancd &s the tannags for uppsr lsether for the low quartsr oxford, for
glovss; end for the bulk of civilisn shoe uppsrs.

As & patter of faet, leether can also be’tannsd with alum,
zirconivn and iron compounds in place of chrome., HNons of them give as
zocd 2 tunnege for Army shoe lsathsr es chrome, alshough beth 2lum mnd
zirconium tenvage havs been used for other typess of leathers. The technical
literature i=s full of the history «f attempts to tan lsesthers satisfaco-
toril} by using a«lum and iron. HNgither tannags has achisvad & permenent
place in the tanning of Army leathers as the technical difficulties have
not yet been overcome. Whether tanning methods using iron or alum cen be
improved or adapted in soms wey %o deal with this situetion is currently
being mede the subject of a research study under & contract of the Research
and Development Branch with Lehigh University.

There is & further typs of synthebic tannage which hés racently

been anncunced, which hes besen derived from the work of the Germans in

their development of synthetic teaumages. This is the "Immergan® or

r4

~ui fonyl chloride btannaga, otherwiss rsferred to as an oil tan, Its

mogt obvious application is to chawois leather, whits lsather and garment

lesther generally. It slsc shows promise of being useble for some other

lezthers. Thiz development was Tirst sxplorsd in this country at Ohio




State Univeralby, working 3eiﬁﬁ"v*wiﬁh the Tanners® Counsil Leboratory
&t the Univers giby of fine? ﬁﬂ&al, umd@? ressarch contvacts of ths Zesearch

ond Development Branch, whers leather tenned by this procsss was produced

(3

on a laboratory gesle. Ceonsldersbls prozesss has since been made in ade

2

vancing the applicaticn of this procsss by the duPont organlization who are

i

o

actually carryidv on resenrch on thig bype of tannage.

The "Immergen” Lyps of dﬁ?@ispm@m% bringe uz to another develop-
ment of far-reaching imporbence in ths production of leathey, which may
have even mére immediste &ppliea@imn»ﬁu military loather, This iz the
production of syothetic stuffing and fat-liguoring materials for lsather,
During the war shortege of fats led to the production of a whols range
of synthetic materisls In Germany, even edible fats, from the hydro-carbons
derived from the Figcher-Tropsch Froecsss, -

0ile, fats and greanses are usetsd im the finishing of leathsr
to impart particular propertiss to th@ 1@ath9f and bo lubricete the
material internally, Tenzile mtr@ﬁgamy ﬁé&r rasigtence, prevention of
cracking and similer properiies are influenced in very considerable pard
by the presence of these mabterisls, which seem %o surround the fibers
of the leather and permit the fibey bundles to move over each other when

Cerman synthetic

the leather is flexsd. The m
fats were the "Derminols® which they uvsed in roplacenent of tallow, neats-
foot oil, and ¢ r&]ﬂcﬂxzo

Cne of the

2, ig a mixture of &
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and a @a‘“favag@d uymah¢tic‘h&r& wake 1%t had about the consistency and
visgosity of a convenbional mix % re for stuffing of heavy uppsr lsather,
and was used rather sxybensively by the Gereans on military leather.

i% is obvious that it is unnecessary Yo zo back to the same
scurces of materiels os were ussd by the Gsrmans in bthelr extreme emer-
gency, and that there ghould be many snalogues of their raw materials
which should be aveilable in this country from the pstroleum industry
that could provide s starting polnt for a aynthesis based upon domesti-
cally available materisle. &g » mabter of fach, a great many materials
are availsble for ¢he purpose, locluding sbtreight chain hydrocarbons of
10 to 20 carbon atoms, which, when chlorinated appear to be relatively
stable under ordinary siorage conditions. It iz ab lsast possible that

some of these materials might be produced commercially at sven lower

el

prices then the matural stuffing materials whisch they mipght replace.
Rasearch on the production of zyathetic stuffing and feb-
liguoring mebteriels for leather is curreatly conbinuing under Research
end Development contracts with Ohic State University and the University
of Cipeinnati, in the Tenvers' Counell Laboratory. Pilot plant scale

production of Jeather, using soveral very promising materials, is currently
uvnder way.
From the sbove discussion it woeuld be apparent that developuents

in leather btechmology, and ressarch and produstion in the chewlcal industry

e procesding on & o broad Tromt. 11 may be thet this decads may
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then re

In part this ig & croblsm of the {lexl

in the shoe, iz part 1% is o

comsition and shructire of vthe oot itself,

Jw w30 a mabdoar of
In pAre 12 a mEuLtn 0o

£ third anpeoh, w08t important Yrom the sf ¢
X - . - L2 . 5 . .
*he leather. is the relstion 27 tha shoe %0 the foot as a body siruciure,

perspiration has no

of commen experiencs thet under cerbain temperziure and humidity ¢> srditions,
unlaess the foot covering 18 wmoisture wapor permesbls, definite discomfort

will result.

A3 & wmetbsr of fack, this problem of getting rid of body moiswure

resulting from perspiration iz one of the most critical problems of military

.ressarch in the fisld of envirovmenial iclazy. It is also a critical
T

sroblem of materials eapinssring in the rield of clothinz end footwenr o
pe & 5

s

obtain mederials and clothing constructicns which will keep out ezterior

3y,

moisture from rain, fog, mudé and undsrbrush, while at the same %Lime permit

{ree passege of moisture outward Yrom the body. The term

has bean used to describe the kind of meterial which iz zought in ordsy

+o retain a modicum of comfort, Leather in its ordinavy Lennegs is in-

P o o v [ AN & e - 3 Y o 2 - Y -

az 2 satarial for militery items i¥ ws somsidar thet this

vasnd wead nrannrte Cn a? Somdnments’ dwmnortmnan. Tharn Saoms owoay rnoem
: ~ v 5 > ; isle : Thoven Lo oy o



‘at present, all the oil compovnds for £11
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ng up leather Lo the contrary
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notwithstanding, for so treating leather ns to vebtein its &DOT

p@?m@@bility, while at the sawe time Yo meke it resistant Lo passaje
of water from ths exterior umder dynamic conditions.

For some bims our office has been deeply concernsd over the
inability of leather bechwology o deal with this problem. I has eoemed
o us thﬂﬁ the céavantmanal soncept of producing leather by the use of
oils, fats and tallows is not likely e be productive of the kind aof
golution which sesm® Go bo nesded. Thess materials, which are referred
to asg stuffimg materiels, or in lighder leathers as fat-liguoring materials,

perform a highly importent function of lubricating the leather. However,

their f@t@nﬁl@ﬂ in the leather is apparently solely one of surface ad-
hesion. Beceause of this, it is possible %o remove them in use by any one
of many ways.

ﬁurth@rmO?a, the more oils &nd fabts which are pub into leather,
the more is the water wvapor permeability reduced, to a considerable degres
in a direct proportion. In othsr words, atbempis %o make leather water
resistant by the use of s hduh oils and waxes simply cuis down tho water
vepor permeeblility as wore of these materials are pub inte the lesther,

Accordingly, our office several veers ago initiated a gtudy of
the ilmpregostion of leather with resins of
then be polymerized in situ in the leather 4o “he dssirad oxtent. By
selection of the r@ain&‘@r gimilar madterials i% was considered feasible

time making it

to lubricate the leathor, a1t the
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compounds such 23 acrylates end syathell

gesired That such lmpregastion should

for this purpogs. Ih was

be carried oub by processes which would be wmormal Yo the sommercial

tanning of leather sc ss to avold processes whish would require extensive

rogdjustnent of industry procedured.

W

The opportunitics for modifying physical proporiies of leather

which are suggested by this appreach will be obvicus. 1% should be

. -

possible to modify not omnly the water resishant characteristics, bub also

g its ovher mechanilcal proverties
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its wear resistance as well
In addition to the spolication of such resins snd other synthetic

materials to leather for gloves and uppers of shoes, the Hational Bureau

of Sténdar&s under s joint project with our offlice has been exploring the

impregnation of sole leather with resins, such as acrylate® and rubbers,

The implication of fhis, of course, would be that & treatsd leather sols

would be vastly more resistent to wear, while at the same time retaining

a great meny or most of denied préperiies of the leathsr itself, depending

upen the extent to which the impregnation is carried. Since scls leather

now is loadad with at lemst a quarter of its Fimel weight with aay one of

2 pumber of materisls, many of them water soluble, which simply £i11 it out

and inorease 1ts firmnegs, 1t is obvicus that the use of some of thess

materials having gresater perflormence and haeving hich resistance to abrasion,

should be a very real contributiocn te the production of arn imvroved product

by the industry.

Ag in all such functicunel tractvente and finishes of natural




ar@ér to abtain a desirable produch. Here the belance must lle batwesn
thae desi:&hl@ patural propertiss of leather whish must be retained, while
ot the same tims obbtaining ths advantages to be offersd by the particular
compound used in the c?oatmen%a  Hothing would be gained for example from
eny of these treamimente 1f the resulbing material had none of the dssirable
comfort and insuleting propertiss of the original leather. The achieve-
ment of‘such g balanee will reauire = carsful balancing of both of the
techneolopies concerned.

This brings us to the lust of these functionsal properbies of
leather which I hav& Just nmentiocned, RANGLY, the gtability of leather.

ary when we

e

Leather hes ons property which invelves some visk to the mili]
consider world wide operations. Under condlitions of high temperature and
hunidity in atorag@”rp?obably aven arcund such temperatures as 120°F with
relatively high humidity, it will tend %o hydrolyze. Since it is not
always possible to stors say military item undeyr idssl condivions, sbudy
is needed to insure that what we buy will be servicsabie when we noed to
use it. For one thing, we ars guite sure that there are levels of pH im
the finished product which should be aveided, even though all leather is
Pinighed on the acid side. The ilntroduction of any new compounds to pro-
vide & functional Ffinish or guality wust be related bo this basic importsat
charecteristic of stebility of the Pinished produst.

in the firal analysisz, the Quertermastsr Corps has no other reason

for being, so far as this {ield is comcernsed, than to provide personal
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That is our firvst snd fovewosd responsibiliby.
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gr@u@f tion to ths sol

rily bowerd

whll@ rogearch in T

effectiveness in destroying the enemy, or in oll

how o killor

the MWediosl Depariment, hag a mission to probest 2od save 1ife. Whers
the Medical Forps seeks %o restore injured or wounded men B0 health, or
to preveant the lhroads of discase, we sesk o preserve the health of the
gnldier end Lo incrsase his efficiency dthrough the irvrovement of his
food, clothing, equipment exnd sholter in the field. I% is ocur job bo

keep him healthy by piving him ths right food =nd clothing @ich wiil

protect against exposurs in whatever smvironment he may be. Over and

above that, it is our job te give him thet extrz ounce of sitemina and

enduranse which will spell superiurlty in the struggls arainst both his
snvironnent and the enomy.

In our work cnd in that of those of you in industry who gre
working alemg with ue in This seme field., we need the highest lsvel of
creative imagination to advance btachnology concernsed with production
of items not canly for military uege, bubl for the oublic sz well. The
Americen public is sspliring bo set higher standards of living and
to live up vo them. Is it expesting too much for us inm the wilitary
who are strivimng to protest The boys from your homes who wmey some

of psrformance

day have bte fight for us, o hope

content with in oivil 1ife,

for everything we glive
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