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The clement chromium discovered in 1797 by the 
F(ench Chemist, Louis N. Vanquelin. has found 
applications in the form of its compounds in various 
industrial processes from electroplating to tanning. 
Ever since the first report of Frienderich Knapp in 
1858 that chromium chloride converted raw skins into 
leather, 'the chemistry and technology of chrome 
tanning have been well documented' -.7. Several 
reviews appeared on the chrome t~Inning methods 
prior to 197.48 -10. An attempt has been made ill this 
review to highlight the recent trends in the chemi:my 
and technology of chrome tanning, including the 
modifications .in the pretanning processes. 

Tanning Methods and Chrome Tanning 
Tanning or permanent-preservation may be errc\.'l(~d 

by one of the following methods, depcnding upon the.: 
end usc of the leather: 

(i) Vegetable tanning using aqueous infusions PI' 
polyphcnolic type (such as Icucoanthocyanidill:>, 
glucogalloyl esters, etc.) materials of plant origin f(l( 
heavier and filled up leathers, such as sole 

(ii) Chrome tanning lIsing sufficiently basified salts 
of Cr(lll) for light leathers like upper, glove, ctc. 

(iii) Tanning with aldehydes or oil tanning using the 
oxidation products of an unsaturated oil like /ish oil 
for speciality leathers 

(iv) Aluminium nr !-irconiulll tanning. using 
Pre-tanning_Proces~es sufficiently masked salls of AI(fJI) and ZI{IV)jor white 

Tanning IS the process by which the putrcsciblc Icathers like hockey ~)all 
proteinous maller, hide or skin, is made non- (v)Cornbination tanning methods in which a 
putresciblc. However, in leather making. for ensurin.g judicious combination of the methods described under 
optimum physical and slIrfllce cllllnlClcristics, sevcral (i). (iv) "hove is used, so that the advantages of varioll~ 
pre-tanning operations, which inlluence the reactions taiining methods. may be utilized fully. 
involved in tanning, are carried Ollt. The pre-tanning Recent advances in the science and practice III' 

processes may be described as follows:(iI) The chrome tanning reviewed in this work include \ I) 
rehydration or soaking of the raw skin which had been determination of the composition and eharactcri
preserved; (b) (he loosening up of hair and nesh zation of chrome tanning solutions, (2) methods for 
through a liming operation, consisting of a treatment preconditioning of proteinous raw material 10 control 
with infusions of calcium hydroxid.e and other the reactions of cr(nn complexes with the pelt, (3) 
nucleophilic reagents like sodiums'iilphid'~-tobreak the' .. imparting further stabWzation of chromc collagen 
disulphide bonds in the hair protein; (c) neutralization " . cog~p<?und against wel:~n~¥·;dry heat. bacteria .. sweat. 
of alkali during a deliming operation by treating with etc., improving qualities like vulcanizability, water 
an acidic salt, such' as ammonium chloride or resisl.an~I!, Jmilt in lubrication. dyeing eharacteristic~. 
ammonium sulphate; (d) solubilization of unwanted ii{enOW,~es~: fullness, etc.. and (4) devising ncwer 
proteinous matter by. an enzymatic treatment during methods of application, with particular rcJcrcIKc t() 
bating; and (e) preconditioning of the acidity fur saving in time and energy, and increased exhaustihility 
mineral tanning through treatment wilh a mineral acid to decrease the pollution ..load of chrome leather 
like sulphuric acid and a neutral salt (say N;tCl) in industry. 

pickling. • COJIIllOSiliol1 and Chnrncterization of Chrome Tanning 
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Solutions 
The chrome tanning liquor. usually obtained by the 

-·reduction of CJ~VI) with reducing agents like sulphur 
~ioxide. glucose, molasses, etc., docs not constit~tc a 
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single active species. hut cOlllaim ;, lI,i, t urc 01' :.pn·ic:;, 
varyJng, ill, structure and, propt.:~lics, The dilfcrl'JlI 

mechanistic pathways .involved ill the reduclioll 01' 

Cr(VI) ... such 'as the one- tir two-electron cqlli\:;dclll 
step: Qqueolls chemistry and the ligand capluring 
abilities of the transient inlerlllediales, slIch as Cr( 1 V) 
and Cr(V), and the hydrolylic behaviour of Cr(lll) 
producls, depend on Ihe 11:1 lure 01' I he reducing agclIIs, 
aeidily. lemper:llure alld \11 hcr cOlltiilillns, The ,icidily 
of the aquo and olher ligands coordinated 10 Cr(lll) 
ion gives rise to hydrol)'t ic equilibria of the type shown 
ill Eq, (I) in the [II'] regioll (1.0 - fI,l) >: 10 ] M, 

'" (I) 

and dimerization reactions (2) and (3). depending on 
the metal and hydrogen ion concentrations, 

2MOH(n-"·~M7.(OH)i(" I) (2) 
]tn I J 

MiOH)1(n")<=;l\1-0-M '1-11 20 (.1) 

Since most of the commercial lanlling liquprs ,Ire 
prepared in the presence of coordinating Iypc (II' 
ligands. like SO~ - in lHI"C()U~ solutions, 
sulphatochromium(lll.J spet'ies arc also prcscllt. 
Although different species in the lanning liquors c;.n 
be considered to exist in equilibriulll, the relatively 
slow rates of re-equilibration help ill the separation of 
various constituents in Cr tanning liquors. Since 1974, 
there have been a number of studies on the isolation 
and characterization of varioliS active constituents 
rrom Cr tanning liquors I, ' I H. l3y gel filtration and 
ion-exchange chromatogra phic {echll iques, la bora tory 
prepared Cr tanning salts have been separated, using 
S02 reduction and glucose reduction and the 
constituents have been obtained in pure form, As 
many as seven cationic and six non "cationic species 
were isolated frolll SOz reduced liquors 12,1:1 _ GlliCIIse 
reduction, in the presence of SO~ ,also gave sOllie 
species which were same as the ones obtailled frol11 
S02 reduced liquors. Monomeric, dimerie and trilllGlic 
complexes with charges ranging from + J to -1,5 were 
obtained. Characterization studic~ showed that S02 
reduced liquors, after basillcation to pH 3.0, gave 
species I - 5 (rer. 18). 

+ 
[(H2 0)5 Cr(S04 >J 

Besides. sl'l:l'il~" Ill' lile (,.>rnllll"li'III', IC'r" lOlli, 
(/I/))I,'Y' (ei) and rCr(OI'.,)" (S20"),,j2' \\('1,: "I"" 
oblaillcd (mill Ihe SO; reduced liqu,lrs, 

Glucose reduced liquors have fl'lmal", ;'l'cl:I(,' ;111"J 
o,\<lI;,to comploes as well as I,-hydruxy dlllll~J'IC ;1'1.1 
trimeric CtlIllP!cXCS,·I, The solutioll ,:hl"lIisll'Y ,>I 
Cr(lll) C(,1I11pic,xes isolatcd fllllil l'hrlllllt: 1:11111111),' 
slllillions is,inlluclIt:cd Iar,!cly I,V III" ":II'e'IIIIt' :II,t! 
charge d':lI':,t'lnislit's, Whel' c1111)'Ii(' \:\lllllIir \,:;,', 
carricd out using .. mixture Ill' SIJt:l:il's 1'111' ,'<),:' he i:" 
Ilormally practised dlll'ing chrOlllc 1;11111111,"1, "lli', 

cOllstituCll1s wilh a suilahle thCrIIllidYlI<llIl'L' hi'I.!";,' 
C(lnstanl and k i Ill: I ic I .. hilily wcrc I a kell II i' h\' Iii,,: 1,::1: , 

leaving othcr constilllcnls in Ihc emllC'll'.', Tk 
relative uptake of !hc various const itucl1ts fn > III ,In SO! 
reduced chrome liquor has bccn slud,nl hy 
determining the Ct)mpo!;ililln "I'chrome lanning liqll"r 
and ils erllucnl. Sint:c a highcr degrec 1'1' aggreglilit'll 
and grc;tlcr l',llionic chargc give risc tll higher 
cxhaustibility Dr chrOllle liquor, the addition of Ion;! 
chain dicarboxylic 'lCids was found uscf'ul during lile 
preparati(ln of Chrll!1le t'lIlning liquors'",'h,17, The' 
aggregation tendency is also inllucllccd hy Ihe 
concentration illlll method of preparation,or clirullll: 
liquors. H(IWevo. in chrome tallnirrr, practice, killctic 
factors led to the lise of Cr liquors that had heell 
premasked by the addition of anionic ligands likc 
formate, acetate, oxalate, ctc, 

/(inrlks and Ml'dl:lnislII (If Chrome Tannin!.! 
The faclors gl)\'crning Ihe uptake and fi\;!t:,'11 ,)i' 

chromium by skin or hide arc \'c'ry cOIilPiL'x, Dealing 
with the thrl'e-dill1en~ional matrix, vi7 .. skill or hilk, 
thc JilTusion of chromiulll [;Inning Illatenals is lhl' 
primary proccss, The diffusion tillle limils or '~ I (J 1:\ 
thaI arc characleristic or n:acti(lns in sulullIJII,' 01' Il'v/ 
viscosit), canllllt he assllllh;(/ fill' the hidr~ proteill) 
Factors like surface clwrge of the pel I , ha:iicity, ckgrcl.' 
of aggregation, masking. etc. inlluence the relative caSt: 
of uptake and pCllclralinll'K.I". On Ircallll,'ill "',lih 11:(' 

basic chromiurll ~all, the piddcd pdt 1lI:IY :"'1'1;) i";1 
pair, as showil in Eq. (4), 

1/ 

ooe - P - N H,~ + [(11:0), Cr 1..]'" " S(); 

SOl. n .. I 
Co()-I'-NH.: 'iI, [(H 20), Cr Ll2 SO:; 

". (4) 

3 

where P refcrs l(l the colla)!t:1l b;,dh"!lC: \ i,< [\:'.' 
numher of coordinated aquo ligands; Ii. Ihe 1:1];11'),"':, 
and L, ligands olher Ihan \,';!ler, 

..... 

Basification to increase' the number Ill' ionil.cd 
carboxyl groups and prolonged treatmcnt may thell 
lead to the inncr-sphere complcxation of protein 
carboxyl groups with CrOll), giving rise III unipoil1l<",1 

(,17 
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fixation of the metal ion. COllliidering lhc example 1.11' 
Lhe chier cOllslituenl of 33'\, hasic l'hmmilll11 sulphate 
(7), 

lhe following inner-sphere complexation n:adion llIay 
b~; visualized to give unipointed binding I" . 

f OH j OH - / "- 2+ 2- _/, 
COO, -Cr-OH-Cr- so COO Cr Cr-

/ "- so /' ' T Inner. ( \'ou? 
p I. sphere I SO, 
\. + 2-

NH3'SO, . , + 2- 2-
-2- NHJ,SO, +504 

2 2 
Unipoinled bindi';g 

Depending upon the spatial orienLation or the 
carboxyl groups in the protein chain and Lhe size of the 
Cr(1I1) polynuclear complexes. bipointcd fix.ation or 
crosslink i Ilg or the f()lIowing type might Ol~CIlr. 

;NH3+, 5042-
p 2 
\. /OH "-

COO- Cr-OH ·-,Cr-. 

'sot 2 

The inference that the carboxyl groups are active 
sites. in chrome t'lI1ning was dra\\;n I'rom indirect 
studies. Tile chromilllnupt~k~'_~as lowered drastll'ally 
when the hide powder was·dccarhoxylatcd. The side 

pn:cipiwlilln as IUctal hydroxille~ hy rClHkl'in!! eq IIII 
cl'llllpll~xcs as weaker il\:ids. Sollilillns .,1' ha~ir 

dll'lllTlilim sulphale al high clllicenl raliolls l!l'ha \ l'" 
like masked chrome liquors due 111 the innl:I"spht'I'l' 
cl.1l11plexatioll of sulphate gruulh, typically (XI. 011 
dilutioll, due 10 lhe low equilibrium CIllisliInt 1'!.11' SO;; 
nllnplex:ltion:,these IIllder!!(l aqllalilln III gil'l' IIIl' I"~ 

sllll'halO-Jl-hydroXII spcl'ies orth..: Iype (~l. \\'hil'll !:I\ ,". 
ri~l~ 1(\ mliitipoint ri.xallllllllr('rllll). (,hl'''"11' 1;'"11111:: 
imparts to Lhe resulting kal her t hl' highest sh I' i II h ;,,:'.' 
IClllperaturc 01''111 the lanllagcs k,lllWIl and pr;ll'l i,,'" 
nlillmonly. 

[Cr1 (Oil)! (S041.]1-l 

H 

The high shrinkage h:mpcralurc (r.) "I' dHIJII1': 
leather is gencrally allrinlltahlc 1\1 hi- or uni,pl,llnlcdl:
fixed chromium. Several rUCl,1I's such as L'I,'lIl'1:1I1 1';1111 'Ii 
or chrolllC liquor, masking ciTed of Ihe l'oll1l'ln III!.' 
agenls',temperature or lanning. pn.'sencc "I' Ill' II I r:J I 
sail, naturc or chrllllW tanning c"mplcxc~,. Iii I .. / 
tanning and the case llf hythation 01 dlr"IlIC c(\II.I~:l" 
compounds. etc .. scem 10 inlluenu: Ihe shrink:!)!,: 
Icmpcratlll'e. Allhough shrinkage lcmJlaalllrl~ i, Ih,·.! 

as :1 measllre of till: de),!ree \11' l,l'tl!'>slinkill!!. IIIl~ 0,11'1 

stnK'lure IlfCr(llI) cllml'lcxl~s with pl'Illein ill Io"UIIII 
form or the Illedlani"m hy which Ihe hound ('1'1 IIII 
l'onfers rl~sistancc III \·,·lIagell against llw :lcli,,1'1 lot 
l'1I1'lagl"nasc la l·ollal":·, "I't:,:il'lc cnlymc( alld 1',,"1 '.':h.·· 
has nol bl:en estahli~hcd. t 'hrOl'ill: lanning 11I;1~ 1","li 
Ihr(1\1)!h lilly "I' II,,: r.,I1,,\\'in~.! IIII'l'halli~1I1S' (i) t.l.\irll\ 

.(If <.."11111) salls to thc I:n/ylll'~~. Iii) 1.'IIIIIp,.:lil'\, 
illhihililln III' thl~ ell/j'lllc-'llI:rific flllll'lionitll!rnlll"" III 
Ihe l'lI11aJ!en and (iii) l'''i1r'Jrlllallllnallh,tll,'l'', III iii" 

Illok'clllal' struclttre III ~lIl1ageli rnllllwiil!! ( III i I; 
pJ'IIlein interaclinn. AlIGlIlpls III c1cave Ih .. ,'111""1: 
ialliled collal'.clllllokcule !'>dectivcly. rl'lainill), II,,· (I 
cf .. llagclI .... rosslinks. havl~ Ilol heen !>\Icccs~hJ1" 

Ncvertheless, lhe preconditillning and thl.'· ciHIJIII',· 

tanlling procedures 1';.)1' opl illlUIl1 ctTcCh !t;n r ht:'.11 
siandardil.cd. 

chain carboxylic acido groups or asparti~_ilnd glutamic Scit'lIn' o[ pj-econdili()lIinl~ lll1d Chrollle T:lIIl1inr! 
acids are believed to be the 01111) hin:lfl'lg siie;"in M't'lh;,ds ;',,"i:,';" .. 

collagen \. Howcver, tile ouier spherc COIlJI~I~Xl;tillll ' TII'II-halh I'hl'llll./(' IlIIIl/il/KI ,.'.11.' !! AlthOlll!h Iile 
alldthediffl~sion()fchromelanningsalisinl()lhcpclis 'ahililY 01'(1111) to tan hides/skins had heen knl'I'1i 
being the primary steps. Ihe greater the chargc 1/ on ellriicr. in the abscncc of propcr pn:nmtiltl""111" 
Cr(lll) complexes and the n1(lre ncgal i W I hc SU rf<lcc (If mel hnds. Sdlllitz ill ISS" 'n'IIkcd 1 h' l'''IK'l'1'1 "I' 1 1\", 

the pell. the higher is th.e surfal'c fixation or l'11111). In h,ll h l'III'IIIIlC tanning. Th,' i'n'ces~ c\lllSisls e~~l'nl i;rll~ 
such cases, the p!!netriltion of chrome Lanning salls is of 1\\',1 Sll'I;S. "iz. In:aln1l:111 \\'llh l'hl'llillic a~'id alld III 

hindered and the reliulling leather ·slIrli.lce is t:\.'arse. \·;/,,·:reduclion of ('11\'1) with thinsulphale in acidil' 
" Therefore. masking"ofCr·l + l'omplcxes by inncr sphere IIll'lli ... i\ haled or pil'khl pl'lL nwy he trcilted wilh a 

eOl1lplelwtion of aili(inic ligands is dune to achic\'e S\.,IUlil11l or sodium dichl'OlllaLe. sulphuric "cit! Ill' 

better leat her characteristics. Masking also helps ill hydrodlloric acid and sodium chloride. when 11K' 
stabili7.ing CI~III) Wilning salts again~t hydrolysis and chromic acid rlll'mcd is distrihutcd lInirllrmly ovcr I h,' 
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skin, Treatment with an a~idirinj ~nluti"ll l,r the 
reducing agent. NalS~O., 1'1' NaHS(), in the ~1<'lIlll 
bath. results ill the fnll ... wil1!! rc:tctiun: 

2 Nal Cr2 0 7 +6 II!S04 ~·4 Na"S.~O\· 
4 Cr(OH)SO.l + 5 Na!SO,. + S ti- Na]S"O" I 4.1110 

.. (5) 

I n this type of chromc tanning. a uniform dist rihut ion 
of chrome and fullness or the leather may he achieved 
due to deposition or C\.llllidal sulphur. Though this 
method is particularly useful for kid and glow leal her. 
it is time-consuming and involws excessivc lise of 
chemicals which increase I he poliu! ion load. 

Partial tll'o-hallt cit 1'0 1111' 1(///IIill,l; . To p\'('rCIlJllC 
some of thc disadvantages of the two-halh chrollle 
tanning process, a modilied method in \\'hi~h hoth 
Cr(VI) a.nd Cr(lll) were used slIccessively was t·volvcd, 
The main feat ures of this t yrc of proces~ are t rca t I1Icnl 
of the pickled stock first with a dilute solution 01 
sodium bichromate (0,25 - tiS:;, Crl0-, on pelt weight 
basis) and then with 11 basil' chromiulll (III) tanning salt 
and finally reduction of Cn VI) with a suita ble reducing 
agent like sodiulll thiosulphatc. sodium bisulphitc, 
etc,21. 

In all such treatments wherein a mixture ofCr20~ 
Cr(1I1) tanning salts and sodium hisulphitc IS 
cmployed to cl1Ccl ta nning. t he chemist ry ,If I'XllHni()n~ 
has a large role to play. It is kllowll that hath the 
oxoanions, CrlO~ .. and S()~ ,lInder~!(l complexation 
with [Cr(H 20)"l" inst:Int:Illeousiy, wilh melal 
ox)'gcn bond retention to give fisc to anionic 
complcxes 23 ,2-\, Therefore. a cCrlain degrec or 
masking effect and more uniform diSlributinll 01 
chromium may be clTecled. A sllgl!l~sted IIl(ldiric:ltillll 
of partial two-hath rroces~ involw~ l!'ealllll'llt III tl,,' 
stock pickled with formic acid and salt with sodium 
dichromate and a fat-liquor, that may contain a cerLall1 
emulsifier 22 , The reductipl1 HI' chromic acid in the sk in 
is carried out at pH J,-, with sodium bisulphill: 
acidified with sulphuric acid. It is claimcd that the fat 
gets fixed firmly after the reduction of chrolllicacid by 
this method 22 , The formation of Cr(III)-fattY'acid 
complexes in this process cannot be ruled out, I t is also 
believed that the usc of chromic acid resulls in a more 
uniform distribution of dll:ollle in lhe Ieathcr, 

Siilgle bath chrollle tallllill~: VariiJ//I' illll'f'(ll'<'IIIClifs ill 

pre-conditionillg and talllli//g /IIcthods 

PrcparaliOlt of ,.hromc l<lItllill}: ,«lIt.<" .. t" .. Tht~ cllm1l1crci:11 
exploitation of basic chromiulII sails ror tanning pell 
by Martin Davis and supported by Procler involves the 
preparation of chrome liquor through the direct 
reduction of dichromate with sugar-sulphuric acid 

mixture (Eq, 6) or by 50 2 (Eq, 7), 

.. 

CI21'luOII+X N:I~Cr:07+24 H:SO.1 -· 

1(, CnOl1) SO. ·1 X Na;SOJ + 27 I LO·' 1:' C\)· 

1/1 

Although sllIichiomrtriL' cqu:niulIs, Slllh :I:, 1''Is Ihl 
and (7) sho\\' thc formation 1)1' ('r(OII)SO,. ;iloll): "11\1: 

CO 2 and SO.~ . the Cllnn~ntral 1I1n or t he rC,jl.·I:lIIt:;;1 lid 
the order in which thcy arc added afkel the 11'l'lllali<'1i 
or the rrllducls. For cxalllple,' reduclil1l1 01 sligar or 
molasses leads !o dilfcrcnt products depend in)! 011 

whether(i) sugar or molasses is added to the solution or 
dichromate and slilphuric acid or (ii) sulphuric acid IS 
added 10 a sI)lutilln of dichromate and sugar"O . The 
reducli'.Inl)ITr~O~ tl1Clill l)produCIS rl'qllirl's [II , ] 
(Eq, l:() to 1".11'111 the tr;lIlsililln statt:s invlIlvcd ill Ihe 

rcaclion,'1 , 
(S) 

Therefore. in the firsl case. wherein Cr20; ;llld 

H 2S04 have bct:n premixcd, Ihe Sligar or 1lI"la:;:'cs 
enters a slrongly o:-;idising system and gets lI.\idisl'd it\ 

form COl in Ihe initial phases of n:<iuctillil. Lat,:r. 
whcn the cOllcentration "I' Cr(VI) is dcpleled. the 
reduction becomes sl,)w and );ivcs risc tIl partialh' 
,nidiscd Ill' free sugars. In thc seCL11\l1 L':lSC. Ihe 1<'1\' 
aciJity in the mcdium dllringtiu; initial phasc "I' thl: 
reaction renders the oxidation of sugar Illihkr :Ind 
leads to intermediate products like rormic ;Icid and 
highly masked formalo compkxcs '.11' Crilll) 11' 11K 
chrome liquors reduced hy su;!ar or ll10lasses 1:ltnLlill 
',lIllle frce sugar. Icathl~rs produ,T': ,I'I)\\' red 
pigll1elltati'ln, particularl\' III 11")1,,·.;11 ('(llilltll<:" 
hn::tll:;t' (II' Ihe lit:\'dl'lliliCIlI ld 11I,,,d.: '.1'1 ,i,'.· 
leathl:l.4l,"". hlrlher. i'rcc sug,lrs Illil)' ;11,,(, ':I,,';I!,: 
problems in drying. due til Iheir hygrllsl'l)piciIY. Iii·.: 
pH1blcms of Illl'uld formatloll and dryil1,< l:<I11 11,.
avoidcd by replacing 'i-IO"" ur l1l\)ias~.cs hy <llil','I' 
reducing agents like sodium sulphite at 111e: Ciii;1I ';;',l"" 

or reduclion"". Studies have also beell made ttl 
idcntify the bacteria alld mould thai Clil gltl\\' till 

chroll1t~ tanned Icalher~, S(1 that prOIC(lil'>i/ 111:1\' h·: 
rendercd"'<,4". In both Ii1clhods (i) and'(li), til,: hl!dlt.:r 
the temperature, the fa~;ter ,is lhe rcaclillil :Iild 1IIIl,':' 
extensiw is lite oxidatioll 01' su)!ar/lIlIllas',,'s. 

The present treml is 10 carry out the r,:;Icli"11 ;\1 

higher temperatures and minimi/c IIIl' dq:I'l'l: of 
mask illg. so t ha t oba lIsl ion or t he ha I h i~ l'a~;ll'I'. I. i ~i ilr 
sligar or molasses as the rcducill)! ;Igcnt, t h,'r" is 
considerable cilervesccilce in the rca~lill ~l.:llk :l! 

higher temperatures: it l'an he contrlJlkd h~ 'silil·I)III.'· 
dei'oamers" 7->" . • 

When SOl is us,'d as tll'.:.J~,"hIL'in)!. :1f!,l.'llt, dl~pql(lil;~' 
upon the onkr 01' ;Iddilioll, r:lte Ilf' 11,,1'.' ."r SO:,. ('I" 
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the formmiol1 of dil,hionalo complcxes is pllssihle if 
one electron oxidation of SOl 1lI:IY gellnal,' SOl 

Ir,'atlllclll wilh catiollic chrl)(lliul1l ill thr j)/'l'SClll'r .. r 
cali'llli.: fal liquor has heen rq)(lrtl'd to be helll'fin:d 
for hella dislrihulioll or ,'hrClmiulIl alld lIplak..: ,.1 'radic:t1s 'l ._ Since n:adjuslllIellls In the lillal 

equilibrium condition of Ihe Cllllslitucnts in dll'llille 
tanning liquors occur slowly, Ihe chrPllIe liquors 
prepared by any reduction process ai'e, a II 11 Wl'l I to agc ' 
for a week berore cithcr using as such in I hc liqll,)1' foqll 
or converting tJiem into powdcr cxlract. I\!!~~illg also 
results in homogencity of the chrome liquor, 

. dye·'" . /\ mino resins which ;1 rr Inri hyl,.1 conlp'lIllld, III' 
. nilrngen bases, such as urea IlIci;lIl1illl: or die),a",,· 
dialllidc Illay also be lI\cd 'II. Such ;1' resin lailll:l;!e 
llIay he achievcd hyeithn illlpn:gnatln[! Ihl' skin Wllh;) 
Illonomer rollowcd by polYl1lerizalioli withill Ihc skin 
or Ircaling the pelt wilh ;111 alllino resill (If small 
Ill.,kclliar sizc, Thc amillo rcsim hind Ihe amilHI 
groups l,f ellllat!cn and d,. not compete I'll!' the ('r 
hinding gwupsof proteill, They i;lneollagrll aII'll .,.) 
and have a lendellcy tIl rortll SchilT basrs or t he type I{· 
CH ,:. N-R '" and 10 form polymers''', l'rctrl'alml'lll 
with amino resins prillI' t" ,'hr,'II11: Llilllin).', 1'('(111111.'1::,;1 
I'll lieI', sort and supple Irath.:r, kc'.Il1sl: Ih,' IlIl:th.,.I,,j 
COllljl(l\IIHls gel dCj1o\itcd, l'roteclioll ()j' Iht.: :,1111';\"" 

pri .. r to Cr lanlling by 11I,:aIlS or Syllt,11l alld ljUillllllt' 
tailning has also heen rl'e'lImlllcllded, hUI the "'·''01. 

colour and toxicit .... I'ruhihil cllllilllnci;tii/alil1l1 ,'11 

ljui,l\)IIl: preln:allllCIlI. II 11:1'0 hl'l:1I slIggcstl'd i h,,11 
glycille' and pn'tcin hl'dr,.l\s;(l\', Ill<ly he ,:,)(\(1.-11'.",: 

wilh the ill11in{' !!roup "f L'\'II:1i~l'1l 1111"'"1..:11 iVI:JIli1,,·it 
cllndcns:1l ionlEq, I ~l. pn Iducin~: cnh<ln(('d 11I11I1h'! ,,' 
carboxyl groups for Cr l'i)\;llion"4, 

Preparation (If pe/150 -M--Thc normal feedstock for 
single-bath chrome lanning is Ihe pickled pelt in which 
pickling renders the protein carboxyl groups unionized 
and unavailable for chromc hinding', Pickling is 
carricd out in a solution comprising I - I A''''' I! 1S04' 4-
W!{' NaCI and 60-80~~ water of Ihcwcl (pelt) weighl or 
hide/skin for a period 01'6-1 () hL Thc primary fUIKtilln 
or pickling the stock prior' to chromc tannin!, is 10 

adjust the jlH of thc skin and the degree or ~;lI'clling, 
particularly of the outcr zones of Ihe skin, Tn achievc· 
this, the usc of a 'buITercd pickle' c(lmprising s"dilllll 
:1mJ calcium salts o( ro~mic acid has bccn sug)!t~st~·ll. 
However, lealhers tanned aftl'l·: slIch I'reirealllll:nts 
lack In fullness and thc tan;iiii'grperi,'d is iIICI'<';lsed 
considerably. To ovc!comc tlic· dirficulties or b\l\h 
'equilibrium' and 'buffered' pickles, dry delillling or 
trealment with amino resins hasbecn suggested ~4,,5 , 

For dry dciil11ing .. skins arc 'Ircated with 1\l.1I1-

swelling aciJ~ like aromatic sulphonic acids (such as 
naphthalene sulphonic acid), chromic acid, sulphoph
thalic Clcid or polyphosphoric aCid. These. prl'l.rl~at
l11ent~ :Irc dune with a view to compkxing Cr(lll) and 
rcndering tile chrome laJ)~l;ng salts less c;itiol1ic, so 
thaI more uniform lixation 61' Cr may rl'sliit. When 
chromic acid is used as the llolI,slI'clling acid, 
equilibria (9). ( 10) and (II) 

P-N11 1 + Ci'1 10 + Nil :~( 'II"C()~ 
-.. PNHCfl l NI-ICI:I 1 ( '0., 

The gllanidino and I:-Iysinc <lmin(\ l!I'III1PS Ill' l.'olla):<:11 

lIlay prtlvidc sites for such Manllich hase L'lIIHIc· 
n~alions, Allhough indirect cvidellce for such 
i'vIannich hase L'('mlt:ns:1tioll, in,volvillg prolcin aillino 
group..-, formaldehyde and a.:til'c hydrogen l'OIll' 
pnllillb like malonic :Icid lI'a\ "blained in the form "I' 

H2Cr04~CrO~ ···+2H~-
increasc ill shrinkage tl'lllperatur(' ur Cr Icalher?~. a 

., (9') chrom~III!!.f;lphic scpar;lt iOIl or the hyd rolysalcs 
( (0) proVided dirccl eviuence for t hc formation Ill' R-N 11-

CHzCOO·· (n;1'. 73), Although this activation of the 

/
NH/]_ pr(lleil~ towards chrom(~ binding may racilitate Ihe 

~.~<:4. uptakc of Cr(lll), the Mannich reaction prior \<l Cr 
2\,COO- 2 tanning Illay create Cr(lll) penel ralion problems, Such 

",(II), . I I' I 'I I '., . ,'\Ucatmcnts arc Jest (Olle III a sam WIC 1 proccss, W Jcrc 
result giving a unirorm distribution of basic chromiulll"~Mannich base condensation helps thc Cr build UJl 
sulphate after reduction, ouring Cr ret~innage, Long l~hain dccarboxylic acids, 

One limitation in ,the lise or n(;n-s·\vt~lIifig acid for which have a tendency 10 form p-carhllxylalo 
deliming is the difficulty in carrying oul the bal ing complexes orCr{III) also hclp in building up chromium 
operation due 10 the acidilY. This may, however, be during Cr retannage, On thc other hand, for the 
avoided by pretanning the surfnec of Ihe pelt wil h an application ofnon-c.llionic Cr(1I1) salls'for Cnanning. 
amino resin or chrome alul11 under alkaline the lIc1imcd pelts havc been ret'olllll1cnucd, Such non
conditionsH , .. ,5'1,11'1, In thc case of chrome alul1I, thc calioniccomplexesmaybcoblaincd by highly masking 
sulphato coordination renders Ihc complex neutral. the Cr(IJI) salts with chelating ligands like lac'tic acid, 
facilitating penetrlltion into dclimcd relt. Alkalinc EDTA or J1l0Ill')cthanolamineCI5 '-(17, 

hydrolysrs ofCr( III) salt give~ rise.\(l cal ionic CrOll) ill A ready complcxal ion bel ween prolcin,curboxyl and 
,\';11/, leading to a tnilning t{rect. 1\ suhseqlll'lIt lIni,,";r ~;Jlceies ~lIl'h as reI' (I~I)'J'A') (Il l 0)] " may hl: 
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expected on Ihe basis (If Ihe model rC;lclioll hcl.wecil 
acetate and Ihe nJolloanion as in [q, (13),4 ,)1 

mix i u re COlli a i IlS d Ii 10 III i Ie, eric i u III I:;' rilP II d I,', '" ,d,' ~ 1'.1 
sulphite. Sylll;lll~, hi\lrlphilc. SI)<lIIII)I 1';";11'1"""",' 
,.;odium p"I:"I'II",,,h:1I1.' ;11'ld ",0111'": :,;: ,,,:",' CH]COO +- [Cr(FDTAl(i I ~O) I 

[Cr(EDT AXCOOCII.l)f 

The coordinated carhllxyl ).!1\'HpS in Illl: FD{/\ a III I 
oilier ('arhoxylalo ligand, al ... · I>['lil'\'.:d II) (;lI;rI~l.l· Ih,' 
rales of aquo lig;lnd di',!II;Il,',,'1l1l'lIls by !""ICigli 
carboxylalc aniol1s (in IlIi;: ca~;c 1'J'()lcin cariJoxyl;IICS) 
by way of andic},neric ;ls~iSl;IIll'l' III)\\'C\'l'r, till' 
bin<iingconslanl iii SUChC;ISI.~S 1n;IY he relalivcly 1(1"';" , 
explaining Ihereby Ihe poor ahililY or ;1111(11'111: 
complexes town and give lIigli lIydlOl lin III a I sl:lhilily. 

'lil/lllillx I'r",.,.,lun'... It 11:1:; 11I.:ell ollscrvcd 111;11 I Ill' 
'.highest hyurolherrnal slahililY is oblaillcd whell 
ca lionic Cr(lll) com plexes a re used ~ , Therei'ore, I he 
common praclice in chrnmt?_tanning is 10 usc cati(lnic 
Cr(/II) complexes and start lhe lannage al {III 2.5, 
where prolei'n carhoxyl gl't1(11's rClllaili lIni('nized and 
complete the lannageal{'11 3.S, wlu:rcrarhoxyl gll'lIPS 
il 1n i7e and form com pk~l" 'xi I "Cr( I J I). Basiric:lI il11l I (I 

pH :1.HIc:lds 10 hydl'(lly',I.< ai"; f'lnion '!bgl'l'g<lli"11 ,,[' 
Cr(lll) 1:llIlling u111l1'ic-.\l.'s. 11,,\\[:\,('1', Ilrl' nlc'lll ,·1 
ba~ii'icalion-is varicd, dcp"'l1llilll~ lliW!; the clld 'IS'" ,,! 

Ihe lealher, .Whereas 'Iighl leallier); willi :I'high 
slretchability. to he IIsed 1(11' blll\.'C);, elL'., n:"l~iv(' :1 In\\' 
percenl:Jgc or chrome (J ,.1'\1 al a i(]~\' h;lsicity (.13:',,), 
fullliess in upper leathers is (1/)lai11l.'d hy lallnillgwilh 
2,5/;" Cr1 0 3 at a Illuch higher basicity (40-6()'~;,). 

The final basicity of I he ('11" I) complexes in the pdl 
lIlay be increased hy I:lnning with a less basic Cr salt 
and basifying with a dilule solution (.If'horax, Na/'OJ or 
NaOH or by prebasificati"Il of Ihe Cr salt, prior 10 
t<lIlning 10 different degrec~;. Several variations in Ihe 
procedures have been suggcsled. Ihe simplesl beiag to 
tan initially wilh 33/., b:lsic liquor and adjust Ihc 
basification operalioll suitahly, Sillce 'Ihe alkaline 
hydrolysis of Cr lanning CI)mplL:xcs III givc clrromic 
hydroxide rrecipi,ale is relalively rapid. lire w;e of 
masking sa Its like rOl'ma Ie or a('eta It' iii I hc hasilic;11 ion 
step along with alkali is also sllgf,tcslcd 711,'19, However, 
10 ellsure romplelc equilihralion. lite lealhers ;lrc 
allowed to age for 4-X hr after chroni'c 'tannillg ai1\1 
basilica lion, prior In neulmli7al ion Ilj" I he qllalernil,ed 
amino groups oCthe prolein and mineral acids u,ed in 
chrome lanning, Depending l11l Ihi: nalure or kalher, 
neulrali7~l!ionKu may be done 10 pH 4-5.5 using a mild 
alkali like Na 2C0 3 , borax or salts or weak acid~ 

(masking salls) or deacidifying synlans. The purpose or 
neutralizalion is (i) 10 avoid Ihe delelerious elTccls of 
mineral acids. if <lny left in Ihc leal her, and (ii) to 
facilitalc the treatmcnl wilh oil ellluisions for 
lubrication and acid dye solulion ('or colouring, The 
inlroc/uclion of self-hasirying agenis R I.R2 is one of 
the major dcvelormenls in Ihis arC'l. A sclf-hasifcving 

~uitabll' scl(~h:lsirylll.!~ Itli.\IJ.II',.' ~';!q !I" ,\I:'!/.'[' 

cill'l)nlL: b;lIh ;IIH.I thl: 1lI;I.',k.il:i~ "I k, I·, '"., . 

pol~'pllOSph;tI" ;IS \\'1'11 as Ih,' alk;til:'III\ ,,; "",. ".' 
,l'rO\'i<ll' Ih,' .1,',:\1\,01 ("Il.lill' Ill'·, 11;,' ".,;': 
the cigi1lll':' lii\\"l' "';11)\\'11 t!~;l! , .. lJl'lJi~·: I;! II, ,t 

rnay havl' il' 1'\,: n:!;I!111·:d ';til:.l~··i·. !ll; 

chflr,H:lcri~llc, I't:qllilCd llj t'lji't~llj, 

various \;nflsidcr;IIII)f\" ill .Ih~' If.r:J,I;I., 

!catlin illcludillg I Ill' C(I)III!!ll'" I \1;111, 'I"~,'· i,;,·,·,' 

reviewed c;lIlin"""" TrCilllli('liI'" hlij, ,. ","'I<! :,' 

nx;uolidillh /1;11": i.l( I'll :'11'1'.)',",1,'.1 ,,, ,,,,, 
retalilling oJ cilrlllllC kilillel "', ('",,,i,,,, ,!,." ,,' 
other miner;" 1;lI1llagcs havI: hl'::i1 ,"),:::.("',;, ,i 

imparting lJualilies like f'lIlll1t~sS ;11\<1 "'1,:'1 ,,".! ,I''', 

chromc leathers IISllig /lrCIIIl II III' , "I·:i· ... 
aluminiulIl cOlllhinatinn nlcllHllb. II t:. ":;';"" ,; ,;;:" 

hasic chrolllilllll slllph;IIL'~" prql;tl'cd In' ,ill' ';'ti,"';"" 
"rCI1VI) wilh ;IIlIl11iniliOI )!i\'l's iI111'1\,\\.d ..I'.:.' ,I!~,,' 
I'csis(;JllcC i,' II\'tir"I\'.'is ,1/,.1 rlilill:·\:., 111, .. ,,:11:'::;: ". : I. 

,:hl'l'lllL' lalillill),'. liI'.:IIII.\J, II IliI Iii,' ,,;1";.\ Ii:-':I"!'·: ",.;,1" 

i;IIlIl:lgCo;. ',1I,')1 ;1, ;11/11:',11[111:1, Ihc' '11:1';kl":: ,;<11', i:.'·," 

heen f01lnd t)j"lllllL'i1 llSl: I ill' IltI{ll~II!(l:1 (Irli;ll':ijl~:i;li:I'.· 

C(llllpi<:XI'S lias h:"':11 slI:"gl'<;I,:d ill Iili:; ,';1<;("''':' 
/I.w f~( 1I1(l.\"hlltg .'join in .!t,,"I1/(' I(/I/nill): J'VLhkili.t: i:-; 11;1' 

proc<:ss ill wllidH he ba~iL' chroillilil'/l .'.,tit<; ;II,~ 11.'11: iel ".I 
less cationic tilr(1l1)!h c.Hlrdinillitin I .. ,llli'IiII',' liI~,t::d'. 

like forlllalc, :Iccl;lie, propiol:;IIc:, s,IIJ'liil(', ,l,h":·,!'i,:;<;'. 

elc., so Ihal :1 grc;llcr resislancl' In il\d"Iliy:,", ,Ill.! 
uniform dislrihll1ionl.rCr Ina\' ill' ,)bLilill':i '\ l['I,'II::'!' 
il is sialed lhal 1ll:lsktng salt;; raise 1111.' prn:ll'il:'!["I: 
poinl 5 , il i~ nol :I!way:: Irue, For cX:tllll'k. ;11";;lliliii 
carboxylic acids which h;IVC a lelld,:Jl'." 1'.' i'"r'1l 'i 

carboxylalo-polYllllclcar complexe) 01101', ".'!ldlilil\ 
tend 10 precipilale readily, Similarly. I' .. lyphll.\f1It:II,c", 
also teud 10 precipitale Cr c()lI)pkxc:;, Sllch 11I:1;,k 1:1/', 
agenls, however, lind eXlell:iive applicalillll'; III 'ili!'11 
exhausi-iow wasle' chromt.: lIIt.:lhods, lIarlill/!. ;1 i't-w 
exceplions, the 1001 or masking is lIsed Ilidel\' I" 
:llIempl Ihe Silllplll'icatioll or chrollle 1:lIlnilig and I" 
impart many special characlerislics. The ll1as"iIl1~ 

agenls may be applied al an appropriale Slil!:c'ill I ill' 
"Illning proecdure or used during Ihe preparati()1l "I' 
Ihc basic chrome :;all ilself. Thc spc0;d cllaracleri';1 i,', 
llial could be imparted inl'llilk (i) huill·ill luhric;lIi,)f1. 
(ii) vu/canizabilily, (iii) shower Ill' waleI' l'roofnc.,s, (1\') 

wet heal resislance, (v) sweat pr()nfnt~,s, I\i} 1'1111111"." 
"lIld mellowness. (vii) intense dyeing, (viii) ic'.l·j d:'.:il;':. 
(ix) shrunken grain clTect, (.x)' \\,ellabilily, L'll·. 

Imparl'ing Special Propcrties to Chrollie TarllJcd 
Leafhers 

/1uill-ill lubriCl/lioll · .. ·11 has been (lbsen'cd 111:1 I 'I h,: 
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lubric.llioll or a lealher can be achin'rd 111I'IIlIgh the 
incorporatioll or deposils in the illtcrsticcs "f fihre 
hundles'll). However, Ihe lubricants bascd on raw oil 
l11ay he extracled easily with the heIr (If dry cleaning 
solvenls resulling in harsh leathers"h. To en~ure that 
the lubricants (or fat-liquors) are hound irreversihly. 
Ihe lise t,i" rat liquors based ('n long dlain alkyl 
sulphonyl chloride (such as IllIlIlergen) which reacl 
with Ihe prl,tein amino groups, has heen suggestcd'II .. 
However. for applicalion ,III chrOlilc leather. the Cr 
complexes used for Lanning provide additional actiw 
sites for Ihe binding or leather lubricanls. II ha-; hccn 
replIrled thaI long chain 111111111 .. alill di-r:arlooxylic 
acit/s"z,,9(, lIlay be: used 1'01' this pllrpnse. The uS'~ of 
chromiulll stenratochloride and Cr(lfl)-hydroxy
stearic acid cOlllplexes for bllilt~in lubrication is 
already known"" -·1 ()2, 

The ammoniacal salts of long chain dihasic acids 
(CIO-C411)').I,<I~ arc also used as masking agenls ill 
which I he dibasii:: acid may coord·inate with one ,Ir 
more chromiulll cenlres, already bonded tOl'ollagcn in 
II ulli- or hi-poinled manner. Such a.l.:oordination may 
lead 10 i Iltcr- or in I ra-(:hain crosslin ks I hr(lugh Cr 
t'entrt~S, as show in compollnds 9 III 1 i, 

t ,0'\ ,,01\ 
._-coo .. c\ ~, _·ooc- -( CH 2 In- -coo· -lr c,--ooc- ~ 

. ot! . '0"'" 
Collag .. n Oib.tsic acid 

Collag~n chains 

,.,i. 

9 

10 

t ...... COO .. ·(, .. O{'C .... , 

JCJf~)" 
-- .... COO·-··Cr .. OOC~· 

Collagen 
11 

ColI~g .. n chains 

allil/nil' d)'(~l> due III lowering Ill" Ihe caiiol1ic .'.111 I: .. ,. 

charge and hyuf"Ophohil'ity of the final ICilther alll.:l 
crusling. Such difricuitic$can hc ,lVcrCOlllc by In::;IIIII!' 
Ihc Iealher with a long chain .amino· acid, such ;1\ {i. 

amino propionic ilt'ill Ilr betaillcs '1).\. \Vhcre;I' I ill' 
carboxyl centre may serve to coonlinalc to Cr(l 11.1 t" 
give slIhstanlivity. the aliphatic I.,'ng chain illld illllillP 
groups contribute to the lubrication and dyeillJ: 
characleristics respccli\'c1y. Thl~sl~ amplwleric: type \Ii" 
luhricants may havc chain lengths up to C 12 ' Iypical 
examples heing compollnds 12 - 14 (refs' 53. 54). 

.J1H 
11I11t i (1I 7 (It] eno r:, 

0" 
12 

.. ' (" .r fJOC- .. j 
COllag~n tha II) 

I /OH" 

COII"qr.n .... "COO"·/~OHJ,.- .. ooc---i 

RNH (CH 2 In COO Collolgen Chain 
I) 

I .... O,~,?OC(CH2In HNR 

Collagen '-"--COO-'-C, ;:''''()OC-'--I 

'Oil' 
CoIlag"n chain 

IVala/sllOlI'('" JI""r~/",g I'r'.Idul.'ls· likc Illolloalkyl 
ester or phosphoric acid. lIa viug a long alkyl elia i n <.'.1' 
C 1.1 and long elwin fally acids. impllrl w:ater rt'pellel1l:y 
as well as built-in luhrit·iltion. The clloruinatioll or 
Cr(lll) to the anionic cenlres illld the coaling of I Ill' 
fi hres/surr<lcc wilh long alkyl Chll ins «.: 17. - C lll) i 111 pari 
waleI' r~·pdlellcy. Thl· phl.lsphodll"oml~ cOIllI,k.\l.'.'; 
,:.xhibit !.!le;lll'r sl .. hilit.\" Ihall chrome-rally ;ILid 
cOl11pk.x.:s. SeVl.'l"H1 /lllminaled compollllds ha"l' ;dsIl 

heen suggesled to impart fin: rdardatil.ln charal'IL'm:
lies 10 the finish films (Ill ('r leather. 

Vul;'(II/;,mhilil.l'ln2 I til II i\ eswhlishl'd Ih;1I r .. r 
adlieving surfident softness ilml SUPPIcIlI.!:'S. /C .. I IIl'l 

IlIhricants.arc tll he included in Ih(" process. Tlw~c lIiI, 
and fal-litluors, however, have II tendency to llIigr<lll: 
to the surface when the leather is suhjccled to 11I:;lt 
during proccssing. C.g, during vulcanization, III ,Ill': 
vulcanisable leathers. the migrat,ion or 1c~II"L'I" The long aliphatic chain gives the lubricating property 

as wcll as water-proofness and Cr-QOC bon("~ ;lend to 
built-in lubrica.lion"Usually dibasi~ m:id t!Hl.l.lnient is 
given to chrome leather tann~d \vith 1-1:5~-;; Cr20J 
which is then rctnnn~d"(l;ft~;~dibasic acid trclltment) 
with 1,5~;; Cr203 at 40T. Thc pcnetration ur dibasic 
acid i~ facilitated by the :1ddilion of 5~·:, bem~yl aleohol. 
However: such a treatmcnt is attended by 5-IO'.~;~ loss in 
area and hydrophobicity creatcs problems in dyeing 
aftl~r crusting, Dyeing in stich cases has to he carried 
oul priO!' 10 drying or rt~chrol11ing. 

'Iubricants is lIvoided thl"OlI£h ,:onjplexatillll with 
Cr(lll), Application of eslers of di- or polyrunL:1 inn:! I 
acids, e.g. monododecyl estcr or citric acid, mOlloalk yl 
esler or phosphoric acid, etc. where the lont! l'hain 
consists of en - C I6 units. is rceol11J11ended for thi~ 
purpose IllY .. III. The use or polysulphities has HI~(1 
be,'n suggested. 

1/1li/'-;11 III!Jr;c(I(io/l 11';111 ill//1rO/'cd (~I'('il1g 
/1roperti(',v97 ,9R, I 03 __ The dicarboxylie acid trcatment 
has heen 'shown to cause problcms in dyeing ·wit.h 

622 

.. 
.' ',: . ~ --

.; ...... 

"Vel /r('(ll r('si.f/(II/(,(·112. II ~·- .. Whereas the hy
drolhermal stahility (T,) or Icalher is laken 01'; :I 

. mcasure III' the degrec ,,1' er,,~;slink illg. allli dHIIIllC 

leather is known l.o exhihit high shrinh:lg •. , 
temperatures, there has heen mud1 clTort in fl.ll"l.h('1" 
enhancing the wet heal resistance uf t:hrnl11l! 
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SANTA I'!''' ,./ ,Ii SI·II'NCI.' ,\j~ll /'I I'IIN()I 1)(;" 01' ('1,,(IIMI T'\~!j~I'J(; 

leathers I I ~ • /-I igh tempc('atlllcS (Iwar h"ilillg) 111;1\' h(' 
used for operations slIch as d\'CIII!,' .. ';" Ihal dn:!'<'1 
shades ,lIld greatl'r exhallsli"n "I' Ihl' .II'" h:llil 111;'\ I'l' 
ohtained. Onc llrtilc lIlaj.-1I dncl"llIlIt'IlIS ill illlpl'I.'l III~ 
wei heat resistance is the apl'ircallO/l Dr 'Iadder typc: 
crosslinking agents ,:.1:.>.1 "'. III ;1 rCl'l'llt rn·il''.\'. til,: 
utility or dibasic ';;ctds r.-.r Illlnl'l'\'IIl~ \\t'l h,';11 
resistance - has beefl emphasized ''>11. 1\ r()Ill;11 il' 
dicarboxylic acids like phthalic acid undergo 
complexation with Cr(lll) to give polYlluclear 
C()'~lplexes5 with decreased soluhility. Thc usc or such 
anJl11atic acids has becn repIlrled to illiprovc wei hcal 
resistance remarkably. Chrome leathcrs thilt C;1I1 

withstand the boil test ror rli1' have already hecll 
prcpa red sllccessfully I 17.. Some ut her Illl~a liS or 
i;lcl'e,ising hea't resistancc or Cr leilthers have heen 
reviewed by Herreid and F,IIdish' 2/. DCPllSlllllil Ill' 

vinylllli)(ed poIYIl1<:rs wilir ;tnliIl1l'"\ (lxidc in :1'111':":1' 

solutions or the illlprl'!~lIalil'l\ Ill':t 1111"'" d:lslt'llln it'. 
:; .. ~;., solv(:I1ts{ltution has necli rlllilld 1(' illt'lea,c h,'al 
resistance I ZI . 

Sliwa I'fsistallc(',Thc cneci Ors\I'C;!1 t'n clir(lnlc 
lea ther hu~' been a ttributcd 10 the pre>cncc or slrllng 
complex forming ligands. \i/, 1;1l1:tle. hydroxide, 
phosphale, elc .. as well :IS to tlte :lcllllll or I1I()i~1 

hcat l1o . II has heen ohscn'cd llial II,,: resistance Ill' 
dll'Ollle lea t hers to t he act ion or sWC:11 is pnor /!.., I". 
Itis bdieved that the conslitucnts or s\\'~'at, such ,IS 

lactate, hydroxide or phosphate fortll' sll'ongcr 
complexes with Cr(l II) t hoW I he prolein carhoxyl 
groups. Therefore. the COllst ituents "r sweat lead to the 
leaching of Cr(JII) rrom the Icather. Several attempts 
have been made to stabilize thc Cr-collagcn conipound 
against sweat 119. One of the studies involved the 
runctionulization ofcollagcn for stronger bindingwith 
Cr(lll). Activc hydrogen compollnds like malollic acid. 
clhylmalonic acid. Orlhoph(lsphoric acid. catechol and 
rcsorcinol were coupled to the protein amino I',I'<IUPS 

through Mannich reaction. usill!! l'ol'lll;IIdehy"k, ;IS 

shown in Eg. (14). 

P-NH z +CH 20+f{lI-i-tPNHCI'l zcp+ 11].0 .,. (14) 

111 the case or chrome leather. the addilional Cr(lll) 
binciing sites introduccd through the active hytirogeli 
compounds arc believed to stabilize Crilll) agaillstthe 
leaching innucnce or sweat. This coupling of i'lctive 
hydrogen compounds through Mannich reaction 
showed a decrease in the loss of CrOll) when the 
leather was treated with synlhetic sweal. However. it 
was also observcd that the introductioJl' or Cr(1I1) 
binding sites and crosslinks alolle wa~; lIot sufficient for 
thc stabilization of chrome Ieatircr matrix against the 
action or sweat IIQ. Whereas Manllich bases or the 
type 15 and 16 did not reduce area on swcat treatment. 
rcsorcinolrormaldehyde treatment led to a decrease ill 

IhcdiIllCIISllIn;J! ':ul,ilil\ n! '.:lii,,'ill'" 1,-:lli, .. · .. d:", I',!' 
I·~·!ctprs like !'jhrc .,';c'ili~ll'~' h: .. -·(ir~iI.;cHi ,:111:; :1;" .. ;, 

(If fihrl's. l:h': .. ill :lLldt(j("Ij\ ill l::",I:.:,.llil[. 

: ,;.111", .. 

,hrink:lge {l'lIlll':r:llcrrcs :ts high d,.; I ::'j . ll',iii:' 

pressure stealli. Tle;IIIIIt'l,ls \Vlth Ilc'I!!) .Ii;·; :1' ", 

acid,led ttlilic rc:.\CIl\'Il,'["I:-IYSIIl': :llIllil"'.: r,"':' 
proteill :tccnrdilll", III I.q, (I ~·i. 

P_(CH2)4-t~~~2.C.ll.0tC~l?(COO.ll;! ;!.f.".I!' 

_____ .".. P_{CH2)"-t'~'CH?*(.\H 

+--co;..t ·C()U~! 

p .. ( C "zl<\-N He"'? (H? (I)(;i; 

Thc addition;Ii c:lri>llxyll!rPlIl'S illlr"dll,'I'd !lI'! 1'1,'-' 
Ill:I",·., Ihe 111'i;If.l· "j','IIII'III1UIII "li 1,'l:lIlil:l;'I: !"il 
1II<,'1,':lscd \\'I'li:lhiiltl' 
1e .. ,:I!Il,·'s in dy,·i".t~ 

.r Ill' ; I' 11\', i rl'! ,I" ',," I:. 

Nt',\·I"!Ih.:It.' .... ~. til:,: Iflh:ii:--i{\" 

:ih:tdcs I)htailled \Ising aniollic d},·il1.I,'. 1'1',,(,:<.1111,(,', II'!:! \ 

hl' :lfJ'celed due 1(1 Ihl' Ill\wrin)'. in Ihe slIri';II:" 1.:l li":I:'. 
l·barge. Rcs,)rcinol-forlnaldehytie Ir,::,l(l1h,:111 i·, 
however, rrec I'rom sllch prohlems and 1'.1':'( ....... !I'; 

Ie:lthers even wi,ll! low dq:rcc (11'1';11 liq\l(lilll!", lill'"i',!' 
d<lrkening or sh,:ldes dill' 10 (lxid;tli"ll "i' j,I"'II<,ii,' 
l!l'<lllpS is disadv;tnt:tge\llls, ()II 1:C1lnnlcn:J:Ii 1t·\',:I, ..... \, :Ii 

prooring trcatmcnt>. arc nol gi\'cn gt~ne,;"ly. 
Ful/ness alld /IJ('I/(I11'11<'S.\'- Chrome t"lIllin!.!. II! 

general. is an cmply type of tanli<tg{'. Ih'\lIroil dib:l"" 
acid trealment isclaimcd 10 give J'ulllc<llh"rs' ':', Th' 
non-filling chal'('cln or dl(,('I11C tannage led III llie 
finding or propcr combinations or t<lllnili)'. llIc1ilocl .... 

Retannagc with vcgelable tanllins. higher b;isic 
chrome, acrylic syntans, amino resills and treatment 
wilh other impregnating malcrials h<tvc heen 
"lIggcstedI2(~ 1~2, Thc products b;!sed Oil the 
(,opolymers of c;!sl(lr oil and acrylic 1I1111101llCrs ii', wc:l! 
as IIlcl;tmillc f'orlll;tllkhyde resin ;trc heill!:', nl:lr· 
kelt;d 1.1.1 I.I~). SOIllC 01' Ihe acrylic polymers c;tll "" 
c()lIlplcxed with basic chromiulll chloride in all alcoholic 
solvcllt like iSllprop;tlllll and be lIS(i!, ror .fillillg or 
chromc leathers 17." "'.12. It is chimed lhat Ihe rillillt~ 

lip or leathers by either the application or :lcrylic salls 
or retanning with chrome acrylic complc.\cs is sliperior 
10 other modes or filling with acrylics. sileh a~: 

impregnation with acrylic soilitions or cnllrl
sions 128,.132. Thc lise or alginate hilS ""I) bel'l! 
reeollllllcnded I .Jh.1 -' 7. 

Ach;Ci';lIg ;II/C·/I.\'(' Sh(1(/".·;9'l.I.I" Dye :tITinilY or' 
chrome or selllich rome Ieat hers Illay he Cllh;llll'ed hy (i) 
treating with reagents like II-amino propionic acid. t ii) 
incorpora ting 4,4' -d ia III inn stilhene-2.2' -d iSIlJ pill 'II it: 
acid 111 a sandwitch process. or tiii) USlllg 
alginateY'I.I.IH.I.lII. 
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Shrullkell grain appearaflcl'--The popular shrunken 
grain erred Ol~ chrome leathers llIay he obtained by a 
suitable reaction prOductllr diphenyl-()xidl~ sulphollk 
acid, hydroxybenzoic acid and rormaklehyde. The 
polymeric product rcsu·lling from sudl a re:tction has 
several activc sites for ready ehrOllle binding and this 
astringency has been showll to produce the shrunkeil 
grain eITect 140,141. The shrunken grain leathl~r, starting 
from wet bluc ~tock. produces leathers oi' much higher 
strength than the commercial leatliers rl'Olll the 
dclimcd stock. 

Well(lhilitJ"41--14~·-Wellahle Iype of. chrome 
leathers may bc obtained by anyone or the rollowing 
methods: (i) by partially stripping the <;hrol1)(: of 
crusted skin by. heavy pickling and rdanning wilh 
chrol11e' 42 , (ii) by trcating the dmlllll~d skin with iI 

long chain dibasic acid under neutral conditiolls. (iii) 
by treating the chrome tanned skin wilh a hydrophilic 
chrome complex before crusting ',13 .• 4.1. and (iv) hy 
treating with complexing welting agents and lubricants 
before crusting the leather ,4S . 

Receflt de IJe/opmeflt.5 ifl ml'll/ods (~r ('hrome 
(a/lllillg I46 -I R8-Recent approaches in chrome 
tanning have two major aims: (a) lime and energy 
saving methods l66 -17 •• and (h) controlling Ihc 
pollution due to chrome tanning methods 172 ·-1 R 7. For 
this purpose. the rationalization or chrome tannage 
has been attempted. 

Rationalization of chrome /(IIIIWXe···_-1t aims at 
saving in time and labour by decreasing b<lIh the 
number and ·duration of operations. One of" thc 
methods of such rationalization is to pretan with 
chrome alum at the delimcd stage. prior to tanning 
with basic chromium sulphate. Prolonged 'equilibriulll 
pickle' operation may be avoided by using Cr(lll) 
complexes masked highly with ladic acid, EDTA. etc. 
It is believed that highly masked complexes whilc 
pe.nctraling into the leather at nearly neutral fill Illay 
undergo alkaline hydrolysis to. hasic Cr salts and· 
cationic Cr· tanning in·· a reduced number or 

_ opcrationsliS -67 • The rapid processing mel hods for 
chrome tanning have heen ,,:cyiewed recenily I ~o . 

Powder. chronle tanni'llg'i~ ,lIlother met hod .. or 
ntticinali7.ati.Qn of c\lr6iiui tannage(,K,141,.I.j·,. A 

pickl~d O~:;.9;rii~0 ~~~in trea~"d dC\illll~d-picklcd pclt 
may be tre:lted with ba~"ic (;hiti~llju\1l siliphal·e powder 
wilhout any noat. so that thc·pcnetr:lliull orC:r(IIJ) is 
quicker. During5ul5'sequent nCloding, Ihe auioniL: form 
i~ hydrolysed in the drum to give cationic complexes 
and optimmll tanning. <?fficiencY. 

Anothet. nlcthodofrationalization is w.trln chromc 
t(llming in which the temperature of the bath is ... liscd 
rapidly to 80°C, after carrying out the initial t:lIlning at 
normal temperutures (20-30"C) 148 -IH~·'However. in 
this metl\od, if proper precaution to examine T. of t.hc 
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leather prior towarniing is not taken. drawn grain 1l1.IY 
result. This Illay be avoided by tanning in a low noat 
with an acidic 5.IIt amI basirying at high tCIl'I"ncraturcs. 
This method ensures efficient uptake of chromium 
ancl, therefore, has high exhaiJstion in short duration. 

Chrome tanning using self-hasifying products is 
anothl~r method of rationalization wherein :1 lightly 
pickled rdt is soaked in hasic chromium sulphale. 
taken along wilh s<:lf-hasilicatioll prmJucts con.sisling 
(1(' masking agcnts HI .• H:I. 

Besides t he con ven t iomal mel hOth or chwlllc 
tanning, IIltrasonics has also been tried wilh some 
sliccess I H9.1!/(). Chrome t<llllling of dclimed skins is 
calTicd out ullrasonically in mineral/spindle oil 
cillulsion containillg an alkyl pheilOl ethylene 
l'Clndcnsale Iypc cilluisirier. II' hated skin in (,0';;, !lllat 
ill a hath containing 4.W~~, ('r20J on relt wdghl anel 
spindle oil eillulsion is s\l~jected 10 ultras(lnic whistle 
ami tanned with basic chrome (I.ti~;, (.'r20_,). Il~atht:rs 
with 1~'; IIO"C arc obtained. The t'Hllled leathers. 
after washing with the alkyl phcnol ethylene 
condensate typc or eOlulsificr. t.o avoid slippcrilll:~s 
LIming shaving, arc ncutralized with NaHCOJ . The 
requircment or sodiulll bicarbonate and i'at Iiqullr is 
reduced by 40/., and 25-30/~ respectively_ These 
leathers have good sort ness. Similarly. chromc tanninl!· 
may be clTcctcd in solvents also I'll. Skins COllld be 
tanned with basic chromium chloride or basic 
ehromiuiTl nitrate in alcoholic·· solvcnts. Thc· 
cOl1lrletion 0[" the tanllages. howevc"" requires \vatcr. 
though lhiocyanato complexes of chromium do 1I0t 
requirc wat.er for tanning action 1'12. Usc of the!'..; 
chrome tanning solvenls which call tan in aqueous 
lllediu1ll may not be a practical proposition at Ihe 
prcscnt. II has becn suggested that chromc tanning in 
non-aqueous media Illay becollle a reality in the ncar 
fntllrc. However. there is nnw a disLinct trend to·'.~() 

hack to water-based fl.lrlTlulaLiom:. Wilh the iIlCl"easill!'. 
realization or the need to save encrgy. low flnil! 
l11.::thllds arc bccoming. popular. Hnwcwr. Illw /In:lt 
mel hods do nol help in dCl'reasing the p<ll!ution Il'ad: 
they only rcsult in Inure «lllccntrated eflluc'iltS. 

I::t//I/C'I/( pr(J/I/I·III.1 anel /II,'lh"d.1 In: 

lIIillillli::(I(;ol/ I "7. ~III lite pulluting lIalll;;: "I 1 "

tanning cmucnls had \cd III major t1iflil:lIhi~"; rill' th,: 
ICiithcr industry in tht: advanced nations. OI;C l.lf :II~ 

chief polilitants or t he leather industry hesid('s sulpIltr.k 
iSl:hrollliu/ll 1 Q.l.I·'4 . It is bdic"cd.lhul ('r(1I-1) is in f;:~·1 

an e~scnl.ial· clement Oind is in\·ol\,ed in the gi\lc(l~,· 
metabolism I %; howevc.r, the insoh,bility of Cr·I ., a\ 
body pI-I values and the kinctic inertness arc 10 11(' 
considered. A systcmatic study 011 the toxic nature l,r 
Cr(VI) and Cr(J II) rcvc,lIs that though C~VI) is toxic al 

: ..... __ .~.L"-J.·i·"'·" .. ", 

"i.. '. 

~. 

" ~, 

I , 
" 

I 

I 

i- ~ 

I' 

;: 
" I! 

I 
·1 1 



, 
I 
~ 

I. 

. r' 

·.~ . .", .: 

nelltral pH valllcs, eli VI) 1\ IIO( n'dllc-cd ea~ih I" 

CI~III)'HH . chcnlisl tryin/! 1(1 11I1,krsl;lIId Ille slahilizill!: (orn:" "I 
dlr(llllc-cull;'I/!l'Ill'l)l1l (ill I II hI. dircd i nfllrll1;1/ to In 1111 I!,,· 
'lIalilier ill whil'h ciJr""ll' cOlliplexes arc blillnd ilhi',io
;he I,:alhcr will hl , cl'idcnl finly a(lo:r ;1 ~dn:!i\,.' 
do.~:lvagl' (wilholll al"i't:t:lillg Cr-c'III,,!,,'" i·""I/';/ 

IH"t'edul\: is sl.;"":I;,,dil.t;d. 

One of the major aJlPI"d;'he~ ill lIIl'clinF lilt' 

stringcnt requirements or cfllIICII( water qllalily i·, til, 
(Jlle adoptcd iflthe t.:ase (Ifhi/!h ('Xhall~;1 and low v,asll" 
dlrornl~ melltoc/ s I2.IHII. t\lIelllpt~ hilVl~ h"l'lllllade I.n 
corrcJ:lle the strllellll'es (If Ihe CI~"I) splxies ill ('r 
liqllors :Ind their ui'rinily for pl'(lI(~ills. An:t1ysis "f 
C~"I) complexes ill the cOlll,'nl has ~h/)wn 11,:11 
mononllclcar and low ('/targed ~;I'o.'\·i('~ ;rr',' Ih\~ nla,;"r 
constitucnts or the efllllcnl'."'·<. Tht' liSt.: n!'dih:l.sil· 
acids like adipic, sut.:L'init.:, clL' .. ill till: prcparali(11l "f 
chrollle liquors was slIggcslcd as Ii IIlC;IIl~ I" producl' 
'low waste' chromium lannillg sollilions. Incrl'(Isillg 
Hrnounts of slich dibasit.: a..:ids arc now heing used f(.,
achieving higher levels of e.xhall,sl ion. 

Several workers have sugg(~sl('d rccyclillg ofchrollle 
liquors- for improving the (:.xhailstiolll'l7 1'1'1 

Recycling procedures were Shm\'11 10 he ('omlllerl'ially 
viable :lIld the quality of the final leather may 1101 ht' 

impaired by using rl~l'yclcd dll'C.lllle iiqll(!rs. Thl' 
possible improvelllcflis of the lannery crlluent fr"/ll thl' 
point of view of the tanller haw hcell disnlsscd and Ihe 
fundamental, of Ihe CXhatlslill1l of' chrPIlh.· lallilillf 
prot.:css with illlprovcd t.:hrolllC \'\h;lIlstioil have IIl:c'li 
re\'iewed H)(I • 

The lise of arOlnatic diha,io: :1('11.1> alld P""'piJ,,~,
phates W:lS ;lIs() suggeslcd 1'01' ,1:<:11 illl~ improved !"r 
eXh:lllstionIH~. III OldCI 1(1 l""'lf';lv willi "ll' 
illkrnational standards or ('j' "'1111"111 ill Ihe l:mUl'III. 

scvcr:lltreat menl prot.:ed 1I1e~ a lid I hl" r rct:llIIlllil;:' w,'; l' 
studied '77 "lUI. The IlIcjhods rOIl' Ihe n:,-:o\'cry and 

'disposal of the solid W;lsl\'s·frolJ) (", 1;lIllIin!! induslry 
were also studied 201 . IlIciucralioli of Iht" sllli" wasles 

SUlllmary 

f{"('('1l1 Irend·: in III<.' dll'l"llist!')' and l(.'dln"I,,~ .. : .. ,0/ 

dll','"le 1:lllning illL'lud"l!! ; Ill' lIIodirieali,I", lil Ii;,: 

prelannillg PJ'('l'C'SS art: dl·sUlhl·d. 

/{('(I'r('nccs 
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has been reported to be a vcry lIscful lIIel hod for 
recovering Cr from the ehromc wastes 2 ()1 • However. 
further' work is nceded ill this area 10 producc 'high 
exhati~t-I()w waste' chrome tanning salts thai do nol 
give rise to surface fixatioll alld drawlI I!rain. while 
employing energy saving operaliolls,. 

19 D('wijis J C. j Am J.I'il/li ('/11'11/ ...tn, ()(l {I''-", t;f1 

Conclusion 

a great~~r clllpilUSis 011 I he lIeed for improved ('r 
exhau'sl ion IllctilOds. The ella IIclll!cS of I he t"igh I it's to a 
t.:hrollw tanner are going to be in I he form (lfmakillg a 
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