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of the most active materials used by the leather industry are the result

science, covering a of rescarch by polymer chemists. Collagen is also
' m natural . polymers’ basically a high polymer composed of amino® acids

‘tigat are of utmost importance for -living systems linked together LY peptide bonds.

to inorganic macromolccules. Recent years have he role of polymers in leather

The literature on t
seen a series of astonishing advances in the field science is obviously too vast to be covered in 1S

of polymer sclence. The intensive activity in the  entircty in this Teview. We shall draw attention
ficld of polymer research, of course, has been 2 reflec-  here to specific areas in which substantial advances
tioni of their widespread application in industry have been made. To keep the size of this article
and domesticlife. Synthetic polymers ha

ye assum-  within reasonable bounds, we shall not go into ilie
-ed a significant role in man’s economy in numerous  details of the prepara

R . .

- OLYMER scicnce 15 oné
and promisiug fields in
multitude of topics fro

tion and physicc-chc.mical pro-
forms, such s plastics, resins, rubbers, films, fibres, pertics of the polymers and their constituents.
impregnants, surface coating materials, and finish- Comprehensive coverage of these aspects has been
B illg ;lg-.:l\tS.' The p\'ogrcs50f an applicd science, such made in a npumber of recCDt booksl-do. re\,i(“-sﬂ-ds
as leather chemistry is, as @ matter of course, de- and symposid procccdings“"'ll Our deliberate
pendent upon general advances of the fundamental bias, throughout this review, will be towards the
sciences.  The leather industry has been profoundly application of polymers in leather manufacture
‘..,inﬂucnc‘:d by major discoveries in the ficld of poly- rather than towards the fundamental chemistry.
“iners. Today itis very clear that many of the basic  Although a few surveys of a limited scope have
— ‘ appeared®® in srecent years, no quprehensive
R "s')‘:?(]:tmr\“‘(;(inlc)mllk'i Council of Geientific & Inpdustrial  survey of the role of polymers in leather science has
Yesearcly, SNev ciht. AT 1 1 - 171
1 Professor and ead of the Department of Physical appcmcd. The pr_lma}y purposc of 5“?“’“"‘“"‘”3
Chemistry, University of Madras, Madras; and now Director, many of the applications of polymers n lcather
Central Leather Rescarch Institute, Madras. manufacture is to demonstrate that polymers have
1.




PANDURANGA RAO of al.: POLYMERS & THEIK ROLI IN I:,i’-:.'\'l'l'l]IR SCIENCE

ther. The deleterious effect of water on leather is

TaBLE 1 — SoME IMPORTANT Tyricar PoLymirs Uskp 1n well known.  When wet leather is allowed to dry,
~Learier tapusrry ) it usually beeomes stiff and uncomfortable.  Other

objectives relating to the process of impregnation
are the whitcuing of clhivome tanned leathe by de-g
pusttion ol resins, the making of leather substitutes !

Name of the . Formula
pulymer - ‘

=

Dolyacrylates —CH,—~CH — by the bonding of aggregates of leather fibres and
yacrylates (I,'O.R ; the increase i the abrasive resistance, hrosk and
: scuff resistance of leather. The principal polymeric
CH, products used in leather industiy as impregnants i
covering their main advantages and disadvantages |
3 y ¥ [ — y — ‘_ . . - . . . N .
Polymethacrylates CH.—C with thelr basic chemistry in bricf are given below.
CO:R Acrylates und Acrylic Emulsions as ;
o o Leather Impregnants oL o
Polyurethanes [ I }]:, Acrylate and methacrylate esters are derivatives .
TOTR-O-CoNH-R'~NH-C, - of the corvesponding  acids™6%31 The respecti ve
R . strouctures are: : .
o ' ’ CH,=CHCOOR ;
Polysiloxanes —~S51—0— CH,=C(CH4)COOR
1'{ " _ . The principal commercial routes to the lower dery-
¢ : lates arc now based on cthylene cyanohydrins,
—CH,—CH— ] 63 St A
Poly(vinyl acetate) 2 l a%qylu_n,l 01 {;' pr;plolac,tonu‘ . Mt.tx’lauly_x"{t.hs
O—COCH,{, arc mamly produced by the acetone cywnohydiin ;

process*™% and by the oxidation of isobutyleieo,
+—CH ~ The earlicst use®™ of acrylic polymer dispersions
J was in finishing of leather as base coats for witro-
! cellulose finishes and as components of water: finish
,:—CHPC:CH—CH,_] systems.  The main principles of resin impregnation -
"

B —~CIr
Poly(vinyl aleohol) |
OH

Rubber (Foly-

isoprenc) l. ’ of leather were disclosed by Lawla o, Bucchler |
CH, et al ™ discussed the process of aqueous impreg-
Polysulphides (=R=S=S—R—), nation and these anthors have shown that InNpregnn-

) tion with the preformed polymers improves the \

Polycepoxides” break seuff resistance and cutting value of the treat- \g*.
ed leatiers.  The location and cffects produced by '

various types of preformed polymers, with parti- |

Cl-lg-—-CH-—CH,—0(—R—OI—CHg—CHOH-CH2—(.)—),.
' cular reference to the histological variations of

R—~0—CH,~CH—CH, leather were also in\{cstigutec] by them™.  Brown
et.al.™ analysed the effects c.i surface tension on the :
CHaoH O specd  cf penetration  of Impregnants. l\(ul(_'(J'l.ls !
o acrylic impregnation was also - discussed by Quinn,
; /CH—O Shaw®, Merken ef al.%, Christensen”, ” Bructer™
Dialdehyde starch —0o-CH }H_ - and Rieger™ and it is also covered in the patents
N\ a : of Lowell e al® and Mattei o albiee, |
- CHO CHO J. Gricf® and Dolnick®t studied the different aspects
Polyamides H—[-NA-R—-Co-1, f)f aqueous as well as solv'cnt based impregnations, ;
‘ - These treatments are applicd®® by various methods, |
Pol [—C—NH -~ (CH,)s~NHCNH (CH,)y— NI — such as spray and curtain coaters, scasoning, l
yureas L L machine and dip- to leathct=at different  stages.
i *  However, there are no generally accepted standards

:

of application. One has to choose the specific |
S . o ] " type -oF impregnation for the type of leather he j
already made significant contributions in lcatlier produces, stnce the process ol impregnation is 1’
manufacture and that, potential uses extend to  influenced by the previous retanning and fatliquor-

almost every.step (from soaking to finishing) in the ing processcs. |
conversion of hides to leather. In Table 1 are listed The behaviour of Ieather when adding polymer }
some of the important typical polymers used in the impregnation agents and the advantages or un- . :
leather industry., favourable effects on the quality of the grain - ;

tightened leather were outlined by May$¢. The !

Pol r : Imy

yme v)s. }a_f._{I:gathex:bImpr.egnantsj L use of grain impregnation methods in practice and
In}prc_gnants and finishes are the major ficlds of the influence of added quantitics of the inpreg-
- application of polymers, both natural and synthetic, nant. as well as the different methods of treaiment
in leather technology. Tinishes are restricted to the on the properties of finished leather were also s

surface regions, while impregnants are allowed to discussed by him. Penetration and binding necha-
penetrate  deeper  Into’ the substrate. Materials nisms are explained as a function of surface charge, 4
like rubber, acrylics, sxliconc“s and polyurethanes surface tensibn and concentration of the polymeric
have been used -to fill the voids in leather. The agent. Swelling and plumping of leather ~ fibres g
main objective is to impart to leather water resis- show a decisive importance.* The technique of -
tance Wlt_h. Improved uniformity in quality of lea- grain impregnation to impreve " the inferior raw i
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hides ‘for the manufacture of shoe upper leathers

and detailed working procedures were . discussed:

by Schifferst?.  The technique of applying the im-
pregnants by various methods and tools ‘and the
influence of drying process on the efficiency of

impregnation were also dealt with. Leather used

in shoe soles requires a high abrasion resistance
‘and the internal deposition of polymer can markedly
improve this property. Donath8 compared the
poiyurethane and acrylic leather
system from the theoretical and practical view-
pomts details of which are given under the head
‘Polyurcthanes’.

Zurabjan8 studied the mechanical properties of
Ieather and the changes in its macrostructure after
treatment with polymers. The method of treat-
ment and the propertics of the polymer deter-
mine the nature of “the copolymer. -[t is most.
important to note that the polymer treatment does
not cause undue hardness of the leather or substan-
tially reduce its water vapour permeability and
water absorbing capacity. The ability of the poly-
mer to form a f{ilm has a strong bearing on. the
mechanical  properties of the copolvmer. The
adhesion power between the added polymer and
collagen also strongly influences the mechanical
propertics of the copolymer.

Recently, a great deal of work has been done®.91
on drum Impregnation using acrylic polymers. This
is a new approach of impregnation as compared
table impregnation. Arbaud®' des-
cribed the advantages of drum impregnation of
light leathers with acrylic retanning resins in pre-
A new product
based on a nonpolar resin made water-soluble by

JRadding carboxylic groups, which could be used for
™ drum impregnation of sheep skins was described.

Recently, attempts have been made to modily long
chain fatty acids with acrylics for using them as
fatliquoring and filling agents for leather.

Acrylic. polymers used for impregnation have
certain essential properties, viz. they are soft and
have low particle size, Softness is an cssential re-
guirement, because too hard polymers would impair
the temper of the leather. - Low particle size is
important, because relatively large particle size
polvmers are not able to penetrate into the grain
layer of the leather. The most important effect
of acrylic impregantion is that it greatly impoves
break  of leather. The impregnated leather
is well sealed, so that the subsequent finish coats
can stay on the surface and a well-filled smooth,
appearance results. An additional benefit is that
quite often there is an improvement in the scuff
The leather manufacturer
can select a great number of acrylic monomers for
the preparation of polymers, so that he can tailor-
make the particular polymer for each special end .
use.

Polyurethanes
Polyurethanest1-13.42, also referréd to as ‘ urethanes
or isocvanate poly mers ’, have “iseen for the last
éw years among the Lastest giowing segments of
Lhe polvmer industries. Polyurethanes are charac-

O
terized by the‘lmk'tge —NH C O— (urethane)

Mllhough other groups, such as ether, ester, biuret,

POL uu:Rs & THE R\ ,

impregnation -

allophnate axmde, etc may be preseﬁt' in the
polymer molecule, There -arc- :different.. methods
for the prcparatmn of polyurclhancs “birt the most

‘widely used ‘one is the reaction of di:"or polyfunc- .

:compounds, such::-as . hydroxyl :- -
i<"or: poly-tj :
Difunctional :reactants® gwe SR

tional hydroxyl:
terminated: polyethers or polyesters wit
functional’ isocyanates.: -
linear polymers; as shown schcmatxcally bclow

HO—R—OH40=C=N—R'~N=C= 0
Polyether Diisocyanate - .° -
or polyester O .

[ORO—CNHR'

(e.g. triisocyanate or trihydric alcohol) component
is increased to 3 or more, branched:or. cross-linked’
polymers are formed. The properties . of the re-
action products can be controlled by the number
of reactive groups in the hydroxy and isocyanate
compounds and their molecular structure. They
can be varied over a wide range of spectrum and
be tailored to meet diverse requirements centring
around rigidity and flexibility, toughness and hard-
ness, chemical resistance, and abrasion resistance,
The main applications of polyurethanes in leather

.making are as urethane patent lacquers and impreg-

nants. The principal purpose of leather impreg-
nation with polyurethane, like other impregnants,
is to upgrade various portions of low quality hide??.
The usc of polyurcthanes for upgrading leathér by
impregnation was proposed in a US patent . specifi-
calion®, In this process, a prepolymer is made
by reacting a diol with twice as many moles of a
diisocyanate. This is then further reacted with a
deficit of a diol or polyol (castor oil), so that the
result is an isocyanate-terminated prepolymer.
During the reaction, non-reactive solvents, such
as cellulose acetate, tolucne, butyl acetate, etc., are
added to thin down the reaction mass. This pre-
polymer ‘solution is applied by means of a curtain
coater.  The most important solvcnt based urethanc

“impregnants were described by Ncher et al."% and

Lowell ¢t al9, Gricf®, Dolnick®® and Boscden?
discussed the solvent impregnation of leathers. using
polyurethanes. The advantages and disadvantages
of polyurethanes and polyacrylic impregnant Sy's-
tems from the theoretical and practical viewpoints
welc “compared | by Donath®. Acrylic polymers

" are “aqueous . based as compared to polyurethane

which arc solvent based. As compared to’ tht weak
bondage of acrylics to the leather by vai der Waals
forces, urethane prcpolvmem polvmerize further
to form a chemical“bondige within the leather
through the reactive isocvanate groups. Levy®
also reported that the prepolymer reacts with the
moisture in the atmosphere and the leather to {orm
an extended polymer within the leather. The
current uses  of polvurethane impregnation and
patent leather finishes, and the methods of using
different. types of urethanes, such as two-package
curing materials, fast drying moisture-cure systems,
and. linear polymers have been discussed by Donath?
in detail. The application of polyurcthanes in
leather processing has been recently reviewed by
Speicher®?, Ossoff® and Kedlaya et al.®. In the
past few years,
been made in . practical application methods, espe-
cially as tanneries gained proficiency in the use of
solvent system treatments. In the solvent based

NG
If the functionality of the hydroxyl. or ;;ocyanate

substagtial improvements have.
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urethane impregnations, the type of leather tannage,
fat liquor, etc.,” must- be taken into account in
preparing the above ‘solution. The evaporation
rates of solvents and the quantity ‘of resin solids
to be deposited must be linked! with the past history
of the hides and skins. Properly impregnated
leather will not become progressively firm upon
aging or develop a tendency to crack, but will re-
main flexible. A vast improvement .in break, scuff
and abrasion resistance and appearance will be
obtained. The water vapour permeability is not
affected, but remains in the same range as before.
However, excessive laydown worsens the break,
causing the lecather to bhe coarser. The apphcat:ons
of. polyurethanes as leather ﬁmshmg agents arc dis-
cussed under the head Finishing Agents’.

<

Silicones

The similarities existing between the silicon and
carbon atoms have prompted rather widespread
substitution of silicon for carbon, both in mono-
meric and polymeric compositions. - Although car-
bon and silicon are similar in bonding geometry3?
and the usual SP3 bonding characteristics®-24, the
differences in size, -clectronegativity and the avail-
ability of third orbitals in silicon provide organo-
silicones with rather unique -characteristics. :
. These characteristics, as related to polymer com-
positions, provide some advantages to the polvmer
scientist in designing high per[mmance coatings.
Organosilicon compounds may, be regarded as sub-
stitution products of silicon tetrachloude and they
are called silanes by analogy with methanc?3,
Chiorosilanes hydrolyse 1e'1d11v giving products
which in turn may split off watcx to vield Lompmmds
cantaining the ‘siloxane link '(Si-O-Si). The most
commonly used polymers of t]ns type are represent-

ed as: ‘

R, R, R,:H-_—: Ry=CHy-
_(n_‘\!i«—()—_-sl’i-n‘)—- Ry=Ry=Clly-

JI<, 1'(2' R,:cu’s__; Ry=CgH j— -

Ry=R,=Cll,

A large number of compounds with mdelv varying
molecular weights can thus be produced with the

:tlower silicones being referred to as silicone oils and
ithe- luvln molccular weight polymers called ‘ silicone

greases’ or :rubbers’. Some of the advantages
of silicone polymerb cons:stmg of '{sf ble siloxanc
repeating units ‘arc: greater heat stability, enhanced
water resistance,. antifoaming characteristics, ex-
cellent gloss reétention; “low thermal coefficient of
expansion, excellent dielectric propertics and greater
adhesion to polar surfaces. Itiis thus not surprising
that silicone polymers find wide application in
leather industry:

In the leather industry, the usc of silicones as
water repellents has attracted considerable atten-
tion. Presently, there are several commercial pro-
ducts available for the treatment of leather. There
are two main methods used :{or applying silicones
to leather, viz. the solvent system and the aqueous
system. In the solvent system, the leather is
treated just prior to"the end of the processing cycle.
In the aqueous system, the silicone material is
applied during the fatliquot .operation. Both the
systemns impart water resistance to the leather, but
for the successful use of. cither. method, it is essen-

4’ T
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tial that the substrate be properly prepared.
Depending upon the leather processing, the type
of hide or skin used, and. the degree ol water re-
sistance desired, -the formulation. can be adjusted
for solids ‘content {o-obtain the optimum ‘treatment,
Recently, Brown$® discussed exhaustively the various
recent’ methods of application’ of silicone resins in
combination with glutaraldehyde: Various advan-
tages of the silicone treated -leathers over the
conventional leathers were also " discussed. Other
applications of silicones in sole Jeather, mechanical
leather, garment leather and other leathers were
also described. Pastuskal® discussed the improve-
ment in the water proofing property “of leather
by silicones in combination with Iormaldchyde.
Heit2%! produced side leather by using an aldchyde-
silicone combination fatliquor on chrome tanned
sides. The silicone gave good resistance to water
penetration, the degree of resistance depending
on the type of leather treated. A post-trcatment
with the conventional silicone solvent systein im-
parted a higli measure of water resistance. Plysical
characteristics, such as appearance, colour and shape
rctention, were better on the leathers treated in the
above way. Serviceability was also improved, as
measured by resistance to deterioration from artificial
perspiration.

The efficiency of water repellent ageptls, such
as silicones was found to be markedly improved
by retannage of chrome leather with glutaralde-
hydew2103 Neher of al'® studied the water re-
sistance ol leather treated with alkenvl succinic
acid in combination with commercial silicone water
proofing agents. Generally, the silicones used f(or
water repellent treatment of leather contain a silicone
resin or a silicone fluid¥s,  Other types of organo-
silicon compounds have also been used in leither
industry to impart water repellency. Chelatestos
obtained by the treatment of §-diketones or B-keto-
esters -with reactive zirconium  compounds  when
applied to leather. surface imparted them satisfac-
tory water repeliency.  Water-soluble organosilicon-
chromium Werner coordination compoundst®? Jiave
also been used for waterproofing leather.  Poly-:
mono-camphyl siloxane and 'polymonocyclohexyl
siloxancs1%8, when dissolved in organic solvents and
applied to leather, impart water vepellency to it.
The clasticity of leather is increased when orgino-
silicon compounds like tetracthoxysilane or phenyl-
tricresoxysilane®® are incorporated in cellulose hased
lacquers in coating lecather. Maminov and Voron-
kov!t® and MaminovUi' investigated the snitability
organosilicon - compounds for water
proofing leather. These compounds not only impart
good water resistance, but also increase llnc hygienic
properties of the treated leathers.

A very solt and highly water-shedding leather

results when acctone dehydrated pelt or chrome
tanned leather is impregnated with siliconesti®,
The softness and the satisfactory impregnation arc
hoth due to the thorongh subdivision of the filre,
ie. exposure of fibrillavy surfaces. The
silicones for waterproofing of Ileathers of different
types was also discussed by Glozic et a1 and
Morgant*.  The use of solvent silicones provided
a recliable mcthod of obtaining a- substantial
improvement in"%he water rcpe]lency of “chrome
tanned side and upper Jeathers.  Although silicones
will give excellent results for waterproofing of leather,

use of
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from many investigations, il appears that the ceffec-
tiveness of a silicone treatment slowly decreases
during service and this is probably due to gradual
migration of the agent to the surfacés of the lcather
where it is rubbed off easily. Howcver, wear trials
indicate that this migration is not spontancous,
but is caused by polishing and wetting of the uppers
during wear. If the silicone is chemically bonded
to the leather fibres, this migration would no(, of
course, take place. :This bonding can be brought
about in many ways,-such as incorporation of certain
organometallic compounds in the silicone solution,
or a diisocyanate, etc. ~ Since siliconcs are expensive,
the broad aim of future work must clearly ‘be
towards the development of trcatments that are
both :cheap and effective.

Polysulphides :

The polysulphide liquid polymers were devcloped
One of the earliest ideas was to investi-
_gate the use of these polymers for improving the
properties of leather goods. Soon it was [onnd
possible to fill the voids in leatlier and convert the
liquid polymer to the rubbery state in place.
Various studies!?5130 were carried out on the
application of this combination of leather and syn-
thetic rubber for the improvement of water, oil and
abrasion = resistance of lcather. The main re-
peating segment in the polysulphide polymer is the
formal disulphide unit produced by the interaction
of bis-2-chlorocthylformal and sodium disulphide.
However, 29 trifunctional reagent in the form of
trichloropropane is added in the original reaction
to develop crosslinks or branch chains along the
sides of the main chain. Basic polysulphide liquid
polymer structure may be represented as follows:

HS—{C—C—=0—=C—0—C—C—5=8)=C~C-0~C
—~0—C—-C—SH :

The chemistry25-2%44 of the conversion reaction
centres around the ‘reactivity of the thiol (—SH)
terminals and the thiol side chain groups. Leather
hydraulic packings and oil scals impreganted with
these polymers have performed satisfactorily  in
many industrial and automolive applications by
combining the properties inherent in hoth lealher
and rubbers. Impregnation is accomplished by
converting the liquid polvmer to a ruhber within
the pores of -leather and the solvent resistant
elastomer is mechanically locked in place.

/lpplicalton of Dibasic 'Acms

A waterproofing agent developed by DBriggs
has the special feature of bonding firmly and
permanently to chrome, the conimon leather tanning

120,

‘agent. The basis of the new devéldpment™is to

make leather iwaterproof by latching organic acids.

" with chains of between 19 and 36 carbon atoms to

'

ﬁ,, ..

X

.

the leather during the tanning process.  The chains
are flexible chromium complexes of high molecular

i weight.

" Polyamides

- Loose-grained upper leather can be improved
‘not only through the incorporation of products
already in conimon use in leather industry, but also
with polyamides and polvmers ptoduced in sl
hy some sort of interfacial polycondensation®,
‘Grain looseness' of upper leather can be equally

“& - THEIR ROLL IN LEATHER SCIENCE

stopped by thie use of agqueous solutions of epichlora-* E
hydrin-blocked cationic preeondensates of inodi-
fied polyamides. In all these. cases, well known
techniques of surface impregnation can be applicd.
The main advantage of interfacial polycondensation
(IFB) processes is in fact that they do their job not
with. preformed polymers but with monomeric comni-
pounds with less material and to some extent the -
depth of penetration into the leather can_ be better:
controlled.  The mechanism ol this grain stieiy-
thening action is analogous (o interfacial polyeon-
densation performed on wool, known s the Wurlan
processt®.

Polymers as Leather Finishing Agents

Fhie finishing of Jeather is an age old process, but
it is the lJeast understeod phase of the Jeather
industry. The reason for this is probably that the
finishing of leather has long been imore of an art
than a science.  The requirements of leather finishes
are much miore varied and complicated than most
ather applications of coating.  The sabstrate difiers
from one type of leather to another dand the requive- -
ments with regard to flexibility, adhesion, abrasion
resistance, fastness to light, etc., are very higl.
J.eather finishing is a fast changing industry dictated”
by the ever-changing fashion trend, the ever-
increasing demand of guality and the availability
of new polymeric materials. It is nccessary to-
emphasize that the most important task is to make
leather handsome, serviceable and desirable by
using modern finishing polymeric materials such
Ahat it will be able to stay ahead of leather substi-
tutes. Different polymeric finishing materials, both
natural and synthetic, used in the present-day leather
industry may  be _broadly classified as [follows:
(1) Protcin and natural finishes; (2) Latex finishes;
(3) Lacquers and lacquer emulsions; (4) Polyester
and polyamide resin finishes; (5) Fluorocarbon
finishes; and (6) Other miscellaneous finishing agents.

Protein and Natural Finishes

Among the natural high polymeric materials
widely used for finishing leathers arc casein, shellac,
waxes, cgg and blood albumin, water-soluble gums, .
glue and gelatin. T
7 Casein — Casein, a natural polymer'?? made of
amino acids, is a product obtained from miilk by
suitable precipitation, washing, drying, ectc. Casein
is generally used in admixture with other substances,
rarcly by itself, because it alone does not posscss
all theproperties necessary for giving the final -
characteristics and appearance to _leather. Tho
leathers are sprayed on the top with a casem
formaldehyde mixture, which is supposed to give
a hard surface, protecting the finish from abrasion
and also making it, to some extent, fast to wet
rubbing. Casein forms a hard, horny insoluble
substance by reacting with fornaldchyde. The
reaction of formaldehyde which controls the fixation
of protein finishes is dependent on the temperature
and concentration of formaldehyde. The clfcct
of this reaction on the type of leather substrate and,
pigment and of the formulation of the finish has
been assessed!?®. Casein pigment finishes may be
used as base coats under pigment finishes or as
printing colours over lacquer base coats to get un-
usual effects. Casein finishes withstand high tem-
perature under fﬁgtion glazing and in plating and

>
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produce a very smooth handle. The disadvantages
of using casein in leather finishing are its alfinity
to water and low contribution to flexural endurance
of the leather. The surface of the leather may be-
come too brittle by excess spraying of casein.
Other applications of casein in leather industry
are for clarifying vegetable tanning solutions, as
an ingredient “of the paste {or pasting leather as o
hller Tor logse portions of leather, efc. With the
development of synthetic high polvniers, the appli-
cation of protein finishes in the leither field lLias
been offset to a great extent. Ilowever, attempls
have been made in recent years to gralt casein!?i-i2y,)
gelatinao-tas (and also Pa_rfdur;gnga Rao, K., Thomas
Joseph, K. & Nayudamma; Y., unpublished results)
and other inedible proteins™® with vinyl acrylic poly-
mers and these products have been tried-as binders
and  leather dressing materials. It was claimed
that the film performance of these modified proteins
1¢ betterand they are also more economical compared
to nitrocellulose lacquers for finishing leather.

_ Shellac — Shellac10:141 js apother important finish-
Ing binder for leather. Though it-finds consider-
able use along with other auxiliaries in leather finish-
g, its use as an independent material iz limited
flllt'; to its hard nature. At present, its application
15 l}mited to glaze finishes as an ingredient of protein
finishes. 1t has been reported recently that the
Sl‘lellac can be made to graft copolymerize with
vinyl monomersM214% to produce copolymers witl
improved film properties. The, resulting products
showed improved properties ofl film formation, such
as hardness, flexibility and resistance to water and
other solvents. * The colour is the main limiting
factor in the application of shellac resin as a binder
for white Jeatliers. - The improved film properties
of grafted products may find better applications
for them in leather finishing.

Galaline and glue — Gelatine and glie are degraded
products of collagen, the latter heing a more crude
form. Gelatine or glue is added as an ingredient
I certain pigment finish formulations that are in-
tended to be harder in nature and capable of being
{riction ‘glazed. They have yery good adhesion
power and dispersion capacityt  Sulliciently plasti-
cized, they can be used in glazed uppers and linings
tn limited quantities. Gelatine or glue is used in
considerable quantities for leather fnishing, as an
cmulsifying agent for fat liquors and for resurfacing
buffing wheels with cmery.

Lgg/blood.albumin — Albumins are hard and brittle
drying protein binders which ' give high yloss on
being friction glazed. They dre very popular. for

the finishing of glazed upper leathers.

Gums, waxes and greases — Linseed mucilage is
a popular bottom coat in the finishing of highly
absorbent vegetable tanned leathers. 1t gives a
very soft film on leather and prevents cxcessive
absorption of the resin. Other gums like gum
tragacanth, carboxymethyl cellulose, etc., also find
limited applications in leather, finishing. The wax
from lotus leaves has been recently claimed™ to
impart- water resistance to leather., The use of
sugarcane wax for shoe polishes has also been
reported!47,148,

Wax emulsions are important in leather finishing,
as they impart to leather a smooth and waxy [eel,
In friction glazing, they help to produce good gloss
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and reduce the friction in between gloss and leathers.
They act as releasing agents in hot plating of leather,
when used in resin formulations. Carnauba wax
is the widely used wax for this purpose.

Greuses, alone and in combination with oils and.

waxes, have long been applicd to leather to protect
the fibres against damage by water and to inmprove
water repellency.  However, for effective water-
proofing, large amounts of grease are required, which
may fill the pores of the leather, so that the permea-
bility to water vapour is extremely small and the
feather is uncomfortable to wear.

Rubber latex  and  chlovinated  rubber —- Rubher
fatex is a natural emulsion of rubber in o shightiy
alkaline or aqueous nedium. Tt has sometimes
been used for finishing heavily buffed low - grade
leathers and splits.  The main disadvantage of
this material is its stickiness and relative instability,
However, .miodified rubber latexes may be used for
finishing upper leathers, overcoming the above dis-
advantages. Chlorinated rubber, when applied (o
leathers, forins films which are resistant to alkali
and acid, and hence it may find an application in
making speciality leather for extremely corrosive
conditions.

Although there are many disadvantages of using
these natural polymeric materials, they still find
application for producing best leathers which main-

Aain theic natural character.

Latex Finishes

The latex systems and dispersions of resins in
an emulsion form are, by far, the largest and most
widely used means of preparing leather ‘finishes
today. - The versatility, low cost and case of appli-
cation of these systems have led to their widespread
use in the leather industry. The flammability and

-+ toxicity of organic solvents are largely avoidable;

the film can be-diluted_with water, enabling thin
fiims to be applied. In addition, the molceular
weighit of a polymier produced in the emulsion process

~isnuch higher than that of the polymer produced in

the solvent process. ‘The higher molecular weight in
b results in a better tensile strength and break
modulus, better solvent resistance and high melting
point, which gives a better ironing resistance to
the filin applied on leather.

Aerylic polymers — Among the latex polymers, the
acrylics have unique advantages'®.  The flexibility,
exceptional light fastnessr-absence of discoloration
on ageing or cxposure, toughness, pigment binding
capacity, moulding ability, water résistance and
compatibility with other synthetic resins: are: somne
of the striking properties of acrylic emulsions, which
are highly desirable for usc in leather finishing. . The
polymer chemist can sclect a great number of
acrylic mononeers for use in preparing the polymers,
so that he can tailor-make the latex for each special
end use. The formulation flexibility of acrylic

polyiners is unmatched among polymeric materials.

used in leather finishing. It is thus casy to under-
stand  why acrylic Jatex polyniers gained  their
dominant role in upgrading and finishing leather.

The acrylic ester resins are copolyimers of acrylic
and methacrylic acids, and range in physical
properties from soft elastomers having very high
clongation to bhard plastics. The harder resins find
very good use in top c\oat formulations. The clastic
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acrylic polymers ‘are applied as base coats for
‘subscquent coats of lacquer finishes. In coating or
finishing applications in which acrylic ester polymer
emulsions are employed, an iiportant-factor is the
¢ minimum film forming temperature * (MFT), the
“minimum temperature at which the polyiner cmu-
Jsion  can deposit a continuous Himsoasr The
pigment binding capacity of the acrylic dispersions
is employed with good effect in the highly pigmented
systems employed for filling and covering, especially
on leathers finished in pastel shades. Acrylic dis-
persion  finishing  systems find their nain use i

a base coat. The acrylic resins used for these
Jeathers show excellent adhesion and also have
very good flexibility., Another application of poly-
mer dispersions of the acrylic ester type is i
shoe dressings to produce scuff-resistant Jeather.
The use ol resin finish" systems based on emulsions
and piginents has increased with the increased
mechanization of the leather industry and with
increasing advances made in polymer chemistry
for . forming copol'ymé.rs to give.diﬂercnt lattices

"which have a broad spectrum of properties. A

lsions has becn used

wide variety of polymer emu
152134 The basic

or proposed for leather finishing
textbook of Mudd!®s has been--supplemented by
a scries of papers on resin emulsions. Naidus ‘e
al %% have classificd the monomers according to
the hardness of the pelymers produced, while
Handscomb!®?  has investigated some of
chemical- types in finishes. Nutt15838 dealt with
{he compositions of films used in finishing a wide
varicty. of leathers. He also investigated'® resin

finishes modified by the addition of cascin and wax
w the physical pro-~

and the influence -of charge ©
perties of thé applied finish. Spiers and Bumet
investigated "the wet rubfastness of resin protein
finishes. Landmann
of the fat liguor has a considerable effect on some
of the characteristics of a predominanlly resin leather
finish. He also studied'® how the variations in
tannage bave heen held responsible for Jarge varia-
tions in the application and ultimate appcarance

and Jolaluddin'®®
investigated the part played by the leather surface
in_ leather finishing by acrylic polyner dispersions.
Landmann and Sofiai®® recently studied the effect
of: retannage and the nature of finish on -water
vapour pesrneability and othet characteristics of the
finished leather. Resin finish systems based on
emulsions and pigments were useful in-imparti
different types of colours to leather and’ in giving
leathers of uniformi quality at Jow cost. With the
aid of acrylic finishing and-impreguating materials,
it is possible to cxploit fully the inherent natural
advantages of leather and to upgrade leather to an
extent that was not deemed to be possible a decade

ago.

tlﬁl

" Lacquers and Lacquer Emulsions

Lacquers are generally defined as coating systems
which produce films by solvent evaporation. Basic-
ally, three main types of lacquers are used in leather
finishing, classifieds-66:167-160 by the nature of the
film-forming material they contian. They are:
(1) . nitrocellulose, (2) polyurethane, an

lacquers.

and gloving Jeathers as.

these -

162,163 J1as shown that the naturc,

" application to- lcather is thel

- cellulose.

d (3) vinyl
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Nitrocellulose Lacquers
Cellulosic, polymers!370:174 such as nitrocellulose
and other esters of cellulose have been used for a
long time as coating materials for leather. Cellulosc,
the raw material from which the cellulosic polymers
are made, is the chicef constituent of living plants
and is a natural high polymeric material formed by
the condensation of glucose molecules.
mers are very good film-forming materials becanse.
of their inherent qualities of fast air drving and
film. strength. - These propertics are derived from
their high molccular weight and  their relatively
high softening  point. Lacquers arc made from
cellulose esters by evaporation of solvent, leaving
hehind a hard tough film on the surface. The
speed of drying depends mainly on - the type of
solvent used. - The cellulosic polymers are tough,.
horny solids and arc available in a wide range of
molecular weights. Among the cellulosic polymers,
cellulose mitrate, cellulose acetate, and cellulose
acetate-butvrate find  wide

leather industry. - ) .
Cellulose nitralc (nilroccllulosc)——'f he most com-

monly used Jacquer based on cellulosic polymers
used in leather finishing is nitrocellulose?z 1. Nitro-
cellulose lacquers are available in different forms:
(i) straight lacquers with no water content,
"(i1) solvent emulsion. with a small amount of water
and emulsifying agent, and (iii) water cemulsion,
which gives a  very continuous film ol lower
application cost. Nitrocellulose Jacquers of types”
(i1) and (iii) are widely used in the leather industry.
Plasticizers are essential ingredients in the Jacquer-
formulations, as nitrocellulose by itself has inferior
film propertics. Some of the advantages of nitro-
cellulose lacquers are ease .of application, quick
drying, non-tacky and glossy surface, fastness to
drv and wet rubbing, water resistance, and better
fiexibility of the film. Nitrocellulose lacquers have
a very good compatibility with - the acrylic basc

“coats.” The main drawback limiting their universal

ir poor light fastness.
The use of nitrocellulose lacquers in Jeather finishing
is increasing nowadays. -
Cellulose  acclate — The viscosity - propertics of
{hese polymers are more of less same as thosc of
nitrocellulose, but they are more heat resistant and
transmit ultraviolet light freely. Their disadvan-
tages are poor compatibility with plasticizers and
other film-forming materials, sensitivity to absorption
of moisture and Jack of solubility in many organic

solvents.

Cellulose acelate-butyrates — Cellulose acetate-buty-
rates (CAB) are mixed esters of cellulose, they have
somewhat better solubility and compatibility than
cellulose acetate, but are not -as-good as the nitro-
The properties of- the lacquer-type
cellulose  acetate-butyrates have been discussed
in detail by Malm and Smith176,” These polymers
are used for leather, particularly non-yellowing
Jacquers for white and pastel shade leathers. The
increase in  the  butyryl content  incrcases
solubility, tolerance for diluents, compatibility for

- plasticizers, flexibility and moisture resistance, but

melting point, tensile strength and hardness de-
crease  with increase in butyryl content. Non-
yellowing water white Jacquers with very dcsirable
properties can be prepared .with modification by
acrylic resins and Q\sn"ea-(oi'maxldehyde resins.

These poly- [YSER

applications in the : -
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Polyurethane Lacquers

The chemical industry is constantly developing
new polymers for surface coating: applications and
the development of polyurethanes, for example,
has made available a wide range of lacquers.
Patent leather provides the largest field of appli-
cation of = polyurethanes :for leather nowadays.
Polyurethane finishing became possible in 1954 and
since 1958, it has been in practical use to an increas-
ing extent. DPatent leather today'can he produced
in any leather factory, using leather from normal
production and without expensive and cumbersome
solvent degreasing units. This is no longer the
mysterious’ yet highly profitable domain of a few
specialized tanners nor does it depend on special
experience. In the patent leather field, the high
build of urcthane coatings, giving the desired high
gloss, is the important property.. Drying is based

POLYMERS & THEIR ROLE IN LEATHER SCHINCE

“throws open an entirely new ficld of application,

_been  successfully

partially on the cvaporation of solvents and more .

importantly on curing, which in effect is the reaction
between the —NCO— group and the {ree hydroxyl
groups. The advantages of the system, in addition
to the obvious high gloss and the quality of
the patent look are outstanding flexibility, solvent
and water resistance as well as low temperatire
flexibility.  The chemistry of formulation and appli-
cation of polyurethane lacquers on leathers was
the subject of many investigationsi54-58.176-181 -
Huang®? recently discussed the general urethane
chemistry, type of coatings suitable: for lcather appli-
cation, formulation vauablc» and  practical pro-
blems associated in the application ol these coatings.
Donath® also discussed the:general propertics, use-
fulness and history of utethanc polymers. The
basic chemistry _involved in: theic formulation, pro-
perties of particular uscfulness in the Ilcather
finishing are considered, with special reference to
scuff resistance, toughness -of films. formed, flexi-
bility at all temperatures and gloss. Current uses
in impregnation and patent leather finishes are dealt
with in detail and additional fields where properties
of these polymers can be put to mest advantageous
use have also been examined. DMethods of using
the different types” of urethanes, such as two-
package curing materials, fast drying moisturc-cure
systems and linear polymers have been described.
Arbaud!82,183 recently reported a new type of
polyurcthane elastomers prepared by the reaction
of polyisocyanate with amines, which have useful
propertics of drying, adhesion and firmness. The
new application avoids harmful solvents, diluents,
¢atalysts and -binders. Pulles!®, ' Speichers? and

" Ossoll® recently reviewed the various developinents

in polyurcthanes and their wide applications in
finishing and "impregnation of leather. Some of
the latest developments in polyurethane applications
in leather arc briefly discussed bhelow.

Reactive polyurethane coating — This process? con-
stitutes a very hopeful prospect for the future, since

it permits the use of splits and less costly leathers

to produce, for instance, kid imitations of perfectly
natural appearance and with excellent wearing
qualities.

Fully reacted urethane ﬁolymer——rully reacted
urethane polymers found their applications!® not
only on”full grain leathers but also on corrected
grain leathers where high requirements of physical
resistance are needed. The fact that these products
may be applied to leather as well as to synthetics,

8

-resistance are concerned.

viz. that of shoe dressings.

Easy care finishes — Recently, the field ol casy
cate finishing!8-187 has attracted the attention of
leather chemists through the development of aguceous
dispersions of wecakly reactive polyurcthancs. An
important advantage of “wet look ** leathers's,
in addition to high gloss, is that they are truly clean.
They are dirt resistant and are truly wipe and wear.
The new type of polyurcthane dispersion has alzo
used in regular  finishing  to
improve crack fastness and ‘scufl resistance. and
also as an adhesion-improving agent. The easy
care process is well established for top quality
nappa and in particular for upholstery and clothing
leathers. Two component lacquers give LOillll]"\
which withstand even extreme steess, with fidms
that are not softened or damaged by the generally
used solvents or concentrated alcohol, and yet retain
the aniline character of full grain leather.

Microporous polyurethane foils -— Leather coated
with microporous polvurcthane foil has been re-
cently introduced® in the market, A suitable
adhesive is applied to splits, buffed or skivered grain
leathers in such a way that pe rmeability is preserved.
Then the foil is applied’ and ‘printed or plated
immediately. This is followed by finishing on
normal automatic spraying cquipment. Leathers
coated with microporous polvurcthane foil are con-
siderably superior to any leather substitute or the
so-called man-made leathers.

Vinyl Lacquers

Vinyl lacquers consist of solutions of vinyl
polymers and copolymers in suitable solvents!:o9,
These vinyl lacquers arc mostly used in finishing
upholstery leather!® for producing “films with
superior abrasion resistance. -Although vinyl finishes
are an improvement over the conventional finishes,
their properties are certainly next best to the
urethane finishing as [far as scuff and abrasion
The leathers finished with
viny! lacquers arc more resistant to snow and water.
One other advantage of vinyl finishing is its low
cost compared to urcthane [linishing.

Polyester and Polyamide Resins

Polyester resins are made from polybasic acids = -

and polyhydric aleohnls? 10 one of which contains
C=C unsaturation. This pcrmlts crosslinking with
unsaturated materials to form a partially thermoset-
ting product. Alkyd resinsi3:3%191 are essentially

polyeslers which are modified with drying ot non-,

“drying oils as well as natural and synthcluc resing.

Alkyd resins are extensively used in paint and print-
ing ink industry but they find Hmited usc in leather
industry dite to the poor flexibility -of their film
and comparatively longer time for drying. The
leathers finished with wlkyd resins have exceptional
surlace properties, such as fastness to dry and wet
rubbing, good and unilorm gloss with a very smooth
finished surface. Recently, attempts were made?
to copolymerize alkyd resins (oil modified) with
acrylic monomers in order to impart more flexibility
and adhesion of the film to the.leather.
Polyamxdes are condensation  products of di-
amines and dicarboxylic acids™..- They have' good
abrasion - resistance, .
toughness. They are extenswely used for ﬁmshmg
%

erspiration :'resistance.. and”
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upholstery leathers, such as horse saddles, cte.
Due to Leir limited solubility b organic solvents,
low flexibility and high cost, they are.not very
popular in the leather finishing industry. “Advances
in léather fitishes based on alkyd resins have heen
rovidwed recently by Vedarajan et al%

Fluorocarbon Finishes

A very interesting field of polymers and relatively
név branch of finishing agents for leather arc the
fluoro chemicals!®2. Substitution of the fluorine
atom for hydrogen in certain organic compounds
impaits to them @ propertly of iutense surfice re-
pellency both-against water aund oil.  ‘Scotch gard’,
‘Zepel’ and ‘Pentel” are some of the popular brand
names o ~these  compmnuls. Although  the active

content of these compounds is not well known, they

are considered to be polymers of fluorinated acrylic
and vinyl compounds. These polymerized  poly-
fluoryl .acrylic or vinyl polymers could either be
aqueous or solvent based. They can be appiied to
leather like the acrylic polymers.  The use of fluoro-
carbon finishes in leather has been claimed to impaut
resistaunce to acids and alkalis, repetlency (o water
and oil and perspiration resistance, apart {rom the
Jubricating. effect. Other advantages include good
handle, fine break, greater porosity, more comfort,
lighter weight and greater flexibility endurance at
extrane temperatures. Chrome, zirconium and alum
tanned leathers may give better results with these
compounds as compared to straight vegelable tan-
¢d leathers, which are likely to react with the fluoro-
chemi¢als. These finishes are expensive, but ways
have been found to use them in conjugation with
cheaper water repellents to lower their overall cost.
In two recent brief reviews!®®1%, the properties of
fluorochemically treated leathers and the benefits
of such treatments have been discussed.

Other Miscellaneous Finishing Agents

\Water-soluble polymers, such as cellulose ethers,
pectins and alginates arc often used for different
finishing applications in leather. In a rccent brief
review!9, various applications of alginates in leather
processing have been discussed. The colloidal pro-
perties ol water-soluble alginates make them uselul
in various leather finishing processes. Alginate
treatment prior to dyeing increases the penctration
of the:dyestuff, offers level dyeing, and improves
the feel and handle of the leather. Tricthanolamine
alginate, when used as a grain filer, prevents the
migration. of the plasticizer from -the finish into
the lc;(ther. Codium or ammonium alginate when
added to finishes containing emulsificd oils andfor
pigments improves emulsion stability and the finish.
Propyléne glycol alginate is excellent as a protective
colloid in cationic fat liquor - émulsions. Calcium
alginate in conjugation with starch or cascin serves
as a good paste drying material. Codium alginate
is hest suited for sole leather when used alone or
along with epsom salt, as it prevenls the migration
of tannin to the surface during drying. A wide
range of alginates for industrial usc are commer-
cially dvailable now. . '

Future developments in the theory and practice
of polymer chemistry will have considerable impact
on the leather finishing industry. New copolymers
of the.random, block or graft type will bring to the
finishing and coating fields entirely new sets of pro-
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pertics. )
plastic systems with that of thermosetting systems

results in an entirely new group of attainable pro-

perties as well as processes. The "tailor-making of.

polymer structures to incorporate specific propertices. -

will icad. to the utilization of namerous Tinishing-:
materials with different properties for a’ particular
end- usc. Not only new synthetic polymeric
materials .but also new materials based upon suit-
able chemical modifications of naturally occurring
resing will be brought in futurc in the coating/finish-

ing field.

Polymers as Tanning Agents

Synthetic, as well as natural polymeric materials,
have been used!®® in leather processing and tanning
(or a long time to obtain special effects.

(’oi_\!cxl(lclay'lles and Aldehyde Resins

Formaldehyde resins — Lt has been known for a long
fime that formaldehyde and certain other aldehydes
are active tanning  agents?®?. The  condensation
products of polyhydric plenol, such as resorcinol
with formaldehyde were found to be effective tann-
ing agents by polymerizing them iz stfr in hides and
skinsi"-199. This procedure was later extendc200-203
to include tetrakis (hydroxy methyl) phosphonium
chloride and tris(hydroxy methyl)nitromethane with
resorcinol. These tannages produced
saleable quality that had a high hydrothermal
stability,  The
acroleinformaldehyde polymer led to an investigation
of its reaction with resorcinol, using the samc

_procedure.  Good quality sheep skin lining and

work-glove leather were produced using the above
l'C5i|1:|’,7'208~ ..

The amino resins™1%, such as urea. and melamine
resing, are the most prominent members which find
important applications in leather industry. These
are the condensation products of formaldehyde.
Leathers tanned with urea resins are purce white,
perfectly light fast, resistant to the actions of acids
and alkalies, and can he dyed with most of the acid
or direct dyes.  The main disadvantage in the use
of urca resins is of high and rapid water absorption.
Melamine resins are used to impart desirable charac-
teristics to white and coloured leathers. Tmprove-
ments in break, grain thickness and strength, as well
as development of fulness of flariks and bellics with-
out increased amounts of tanning extracts are made
possible by the use of small amounts of melamine
resin. | The condensation products of dicyandiamide
and formaddehyde are also used as tanning agents??
in leather industry.

Polyaldehydes — The commercial availability of
certain polyfunctional aldehydes in recent years has
created considerable interest regarding their use as
tanning agents.

first developed by Winhein and Doherty®!. Schigs-

berger and Sadlier®! and Fein and Tilachione?!? .

studied the tanning action of straight-chain aliphatic
dialdchydes. The tanning properties of glutaral-
dehyde?3, dialdehyde starch?14-218, dialdehyde alginic
acid?! and dialdehyde cellulose have been investigat-
ed by different workers. These compouiids have
been recommended as pretanning agents for sole
leather and also for the manufacture of garment
leather. Some of thesé compounds are, however,
only of theoretical intcre.ﬁ\t, while some may well

9
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commercial  availability?9® of an.

The dialdehyde-resin tannage was’
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have a commercial future, depending mainly on the
cost of the raw materials, -

Vinyl and Acrylic Polymers

Acrylic syutans — Acrylic syntans  have great
versatility and cin be used jn almost all such uscs
where a plump durable leather is required.  The
advantages of using acrylic syntans for tanning in
combination  with oflier tuming  materials have
been discussed in detail Iy Torter and Davigze,
The optimum “conditions foy ohtaining  the most
favourable results in (he retiming of ¢hrome leather
are discussed. For Lest results, the scquentiul use
of syntan, acrylic resin foflowed by vegetable tan-
nins is recommended.  Preformed polymers of acry-
e acid and methacrylic acids have also been uscd
“Ior tanning hides and sking?21.222.

_Sl_ymua_—malaic aﬂll‘)l{h’}}l() (.‘hjm];\'"],(:]'_g — S(yrcn(:..
maleic anliydride copulymers have been in use in
tanning hides and skins for a long time.  Many com-
mercial products based on these copelymers find wide
applications in leather industry for-tanning lcathers.
The sodium salt of the maleic copolymer is used in
making white and coloured leather, including sheep
skincand kid skin, grains and suedes, as well as side
leather. The styreneamaleic anhydride copolvmers
may also be used as retanning agents. The sulpho-
nated products of this copelymer are specially usc-
ful?23,224 iy bleaching chrome tanned leather.  Vinyl
derivatives vere introduced into the hide as emul-
sions and the absorbed monomers polymerized 1n
SIuB, An -excellent rot proofing treatment of
lides or leather has heen developed by the i s
Polvimerization of acrylonitrile and acrylic acic226.227,
Bandert el al.?28 have shown that the polymerization
of vinyl monomers in the midst of hides and skins
confers waterproof and rot proof qualities to leather.
In most of these cases, it is rather apparent that
the polymers are only Physically deposited in the
voids of Jeather. :

Polyepoxy Resins

Polyepoxides, the condensation products of ¢pi-
chlorohydrin and bisphenol-A have alse heen used
as tanning agents for fthe production of white
leathers?2™-232 7 A wide range of similarleathers have
been produced from materials, such as hutadiene
dioxide, acetyl cthylene oxide, ele., whose comman
feature is two active groups capahle of reacting with
collagen®®.  Tanning with epoxy resing resultee..in
lower stretch and greater stiffness in flexure than
conventionally chrome and vegetable tained leathers.
The leather obtained by Ltanning with these resing
showed a high reversible shrinkage (73, $5°C). But
this tyvpe of tannage resulted in considerable loss
of strength compared with chrome and vegetable
tannage.

Diisocynates
Diisocynates as tanning material have heen studied
in Germany since 1937; however, only a limited
number of them have found priactical use. The
diisocynates are formed by (he reaction between i
diamine and phosgene
HGN — (CH )y — NFH, 4 2COCly->
OCN — (CH )y = NCO - 411C]
Diisocynates can be used for tanning in aqueous
solution, because they have a stronger affinity for

10
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* nage, s
nowadays used mainly in the manufacture of chamois

amino groups than for water. . A mcthod* for ta
ing with isocynate compounds-in noit-adfiicoiis’ solii:’

tions has been patented by Putnam®e, DPolymiers' sy

obtained {rom monomers of the forh*iulii"‘,GH',:‘C}_{,-' .
AT-NCO react with the leather?3, Reaction with
isacyanates introduces into collagen new groups,
which subsequently enter into. the polymerization
reaction®s. Reactive polymers containing free iso-
evanate groups may form a covalent bond with the
leather.  High cost and very high toxicity are the
two main disiulvantages limiting (e application’ of

these compounds as tanning materials in he leather ...

industry.

;
Acrylate-chrome Complexes

Reeently, trinuclear aluminium and chrominm-
acrylate complexes were prepared. and  wse296-238
(also Panduranga Rao, K., Thomas Joseph, K. &
Nayudamma, Y., unpublished work) for tanning
hides and skins. Attampts were made to poly-
merize these acrylates subsequently taking advan-
tage of the vinyl double bond using redox type
initiation. ’

Miscellanicous Tannages

One of the oldest known tannage is the vil tan-
which utilizes semi-drying fish oils and is =

lcather. During the sccond world war, a synthetic
chamois tannage hased on aliphatic sulphonyl chlo-
ride {(Immergan) was developed in Germany. 1t
viclded a white Jeather that dyes well and can be
cleaned  with solvents or by washing, making it
suitable for gloving and other clothing lcathers.
Recently, a number of papers have appeared in
this field, which have been reviewed by .Olivannan
and Nayudamma?3®, )

Although tanning with polymeric materials could
not receive wide atten{ion, {he developments in the
polymer science may give rise to newer and modi-
fied products, which may find various applications
individually or in conjugation with other tanning
materials in leather industry.

Grafting of Synthetic Polymers on Hides,
Skins and Leathers

Gralt copolymerization is a novel method®®, which
has wide applicatiops in synthesizing new forms of
polymeric materials and also in modifying the pro-
perties of natural and synthetic polymers. A graft
copolymier comprises . high molgeilar weight . back-
hone to which a second polymer is attached at jn-
tervals along the chain. The backbone may be
homopolymeric or copolymeric with pendent groups
of cither tvpe. “Gralt copolymerization is dificrent
from random or block copolvmerization in that jt
Ieaves the main polymeric substrate backbone essen-
tially intact. A graft copolymer combines some of
the characteristic propertics of cach polymer or
possesses ' properties entirely different from those
of cither of the components.  Hence, such products
made up of sclected polymer combination can have
highly specific propertics tailor-made for a parti-
cular end use. Exhaustive studies®125 have been
carried out in our laboratory for the last fow years on
the modification of collagen, a heterogeneous natural
polymer by graft copolymerization with vinyl mono-
mers. Methods were QO\'e]oped for the first time
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f,nin our laboratory for the grafting of different vinyl
“'monomers on collagen, hides and skins, and leathers
using ' ceric ion initiation technique. These
methdds were later extended successfully for graft-
ing on .hides, skins. and leathers in tie tannery on
a larger scalé using a number of hides and skins,
and it has been found that the laboratory methods
can be successfully . extrapolated to the tannery
scale. The results obtained in these studies -show
~‘that grafting could be accomplished by combining
the good qualities of both the synthetics and natural
ibres without "affecting the water vapour permea-
bility of the leather. The grafted leathers were
full and showed improved properties, such as de-
creased water absorption, increased resistance to

ccicids and alkalies, resistance o ot and mildew,

improved light fastness of the dyed leathers, im-
proved gloss of the finished leathers without detract-
ing from the favourable propertics of leathers pro-
duced in the conventional way. The leathers graft-
ed; with polybutyl. acrylate were found to be the
best. The leather was very full and the elonga-
tion was increased twofold without a decrease in
tensile strength. The properties of the grafted
leathers were found to depend on such factors as
the monomer used, the type of initiator, the distri-
bution of vinyl polymer in the protein structure,
and the molecular weight of the grafted polymer
chains. Tt is possible to correctly choose a polymer
type depending upon practical requirements.
s
grafted could improve the wear of leather without
detracting from the favourable propertics of the
natural leather. The choice of monomer(s} is parti-
<ularly signilicant, since it has a major influence
on many of the desirable properties of the gralted
skin collagen” and -on the formulated leather pro-
pertics.  Since no single polymer grafted could give
all the desirable properties, which may be enumerat-
ed, compromises must be made to obtain the most
desirable proyerties of the grafted polymer branch
- chains.  These compromises were hest  achieved
+ by polymerizing monomeric mixtures to form graft-
ed side chairs on the collagen backhone.

Impregnation or coating of leather with various
preformed polymers to ovircome some of the defi-
ciencies of leather is a common practice, which was
discussed in the carlier sections. Unfortunately,

{riese treatments result in uncven deposition of

the polymer, mainly on the surfaces of .the substrate

which are washed away during use, because they.,

are only deposifed in or on the leather and are not
covalently attached. In some cascs, some of the
more desirable properties of the leather suffer as a
result of these treatments. Grafting hides, skins
and leathers with polymers, on the other hand, re-
sulted in more even distribution of polymer through-
out the substrate by covalent bonding, which can-
not be removeéd by any physical means. Chemical
and physical characterization of the collagen-graft
copolymers revealed that only a small number of
initiation and grafting sites are present in collagen.
The smaller involvement of the fibre molecules
in the grafting reaction means that substantial per-
centage of grafted material can be added without
sacrificing the well-known hygienic properties of
leather. Nevertheless, the properties of grafted
chains can be added to the leather. Thus, the

The-
" Tonomers should be so selected that the polymer

& THEIR ROLE IN LEATHER SCIENCE

gralting will be advantageous . in imparting certain
desirable properties to leather without causing major
changes to the fibre itself. ) T LA
Grafting of niethyl methacrylate and other mono-
mers -on to collagen was reported by Studniarski
and Hankiewcz®! and also by Russian workers?62-27,
but the reports are lacking in detail. The method
of graft copolymerization for modifying hides and
skins and producing functionally modified leathers®s
has now received much attention. TFurther exten-
sive studies are, however, needed to determine the
kind and extent of grafting required to obtain
lcathers  with significant commercial " potential, .
Studies are also needed to develop methods using cheap
initiators, so that this process can be commercially
exploited.  Such studies are in progress at present in
vir laboratory. The graft compolymerization of vinyl
monomers on to proteins in general has recently been
reviewed by Panduranga Rao ef al.2® and Panduranga
Rao®.  Liquid polysulphides, which have been emp-
loyed for a number of years as impregnants for
leather, have been successfully grafted to certain
types of leathers?s!. The reactive thio terminals of
the polysulphides werc coupled with different alde-
hyde tanned leathers.  Polysulphide grafted leathers
showed promising results compared to controls.

Synthetics in Footwear Industry

Substitute materials from the plastic and syn- -
~thetic polymer industry have made deep inroads
into the footwear ficld in recent years. JThe loss
of markets for shoe sole leather is now well known
and this is probably irrevocable. The poromeric
materials which have substituted leather in the
footwear industry were recently reviewed by Payne?02
and ,others?632%. The application of various syn-
thetic polymers in the footwear industry have been
reviewed recently by Moore2®® and Turner®?,

‘Future Trends

The survival of leather in competition with syn-
theties lies in the retention of leather as a prelerred
nisterial in the eyes of the consumer and henee it
must be constantly developed and improved to retain
that status. Though leather by itself has miny’
tesirahle propertics, there are also many inherent
defects, such as the lack of uniformity in quality,
weight, susceptibility to chemical attack, poor scufl
resistance and high water absorption. If history
is & ‘guide, like rubber and textiles, leather will e
gradually displaced bywsynthetic materials, which
are amenable to rapid-improvenment and mass pro-

<duction.  This trend will soon start, if not already
started.- Rescarch is, therefore, directly needed to
«iiaintainithe competitive position of leather and to
find new outlets for animal hides and skins. The
appendage of side chains to collagen fibres may
result in the formation of composite macromolecule
. whose properties may differ from those of the ori-
-ginal collagen.  Graft copolymerization thus yiclds
a riew tool to he used in' the task of-controlling and
modifying molecular structure. Even though “the
possibilities of creating new polymers are not ex-
hausted, the investigations into methods for modify-
ing the existing materials are of .utmost . imporlance.
Since the preparation of a graft copolymer represents
a method of tailor-making polymeric molecule in
order to incorporate -the desired characteristics, - the
3
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interest in and the importance of gralt copolymer-
ization is bound to grow and develop into a major
area of research in the leather and glue industries.

Summary

The impact of polymers on leather science and

. industry is dliscyssed.
in leather manufacfurc are described,
cular reference to recent devclopments.

ing

The graft-
technique using synthetic polymers in improv-

ing the properties of leather is also discussed.  The
possible future developments in polymer chennistry,

in so far as they concern leather

industry, are

indicated.
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