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The clement chromium discovered in 1797 by the
French 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 bcen well documented' ~7. Several
reviews appeared on the chrome tanning methods
prior to 19748 71, An attempt has been made in this
review to highlight the recent trends in the chemistry
and technology of chrome tanning, including the
modifications in the pretanning processes.
Pre-tanning.Processes

Tanning is the process by which the putrescible
proteinous matlter, hide or skin, is made non-
putrescible. However, in leather making, for cnsuring
optimum physical and surface characteristics, several
pre-tanning operations, which influence the reactions
involved in tanning, arc carried out. The pre-tanning
processes may be described as follows: (@) The
rehydration or soaking of the raw skin which had been
preserved; (b) the loosening up of hair and flesh
through a liming operation, consisting of a trcatment

with infusions of calcium hydroxide and other

nucleophilic reagents like sodium sulphide to break the -

disulphide bonds in the hair protein; (c) neutralization -

of alkali during a deliming operation by treating with
an acidic salt, such ' as ammonium chloride or

ammonium sulphate; (d) solubilization of unwanted

proteinous matter by an enzymatic treatment during
bating; and (¢) preconditioning of the acidity for
mineral tanning through treatment with a mincral acid
like sulphuric acid and a neutral salt (say NaCl) in
pickling.
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“reduction of Cr(VI) with reducing agents like sulphur _

. compound against wet, an

Tanning Mcthods and Chrome Tanning

Tanning or permanent preservation may be elfected
by one of the following methods, depending upon the
end use of the leather:

(i) Vegetable tanning using aqucous infusions of
polyphenolic type (such as lcucoanthocyanidins,
glucogalloyl csters, etc.) materials of plant origin lor
heavier and filled up leathers, such as sole

(i) Chrome tanning using sufficicntly basificd salts
of Cr(I1) for light leathers like upper, glove, ctc.

(iti) Tanning with aldehydes or oil tanning using the
oxidation products of an unsaturated oil like fish oil
for speciality leathers

(iv) Aluminium or zirconium tanning, using
sufficicntly masked salts of Al(TTH) and Zi(1V) for white
leathers like hockey ball

(v) Combination tanning methods in which
judicious combination of the methods described under
(i) - (iv) above is used, so that the advantages of various
tanning methods. may be utilized fully.

Recent advances in the science and practice of
chrome tanning reviewed in this work include (1)
determination of the composition and characteri-
zation of chrome tanning solutions, (2) methods for
preconditioning of proteinous raw material to control
the reactions of Cr(III) complexes with the pelt, (3)
imparting further stabilization of chrome collagen
zdry heat, bacteria, sweat,
clc., improving quahhes like vulcanizability, water
rcsnl.xnce Dbuilt in lubrication, dyeing characteristics,
inellowness, ‘fullness, etc., and (4) devising newe
methods of application, with particular reference Lo
saving in time and energy, and increased exhaustibility
to decrcase the pollution load of chrome leather
industry.

Composition and Characterization of Chrome Tanning

Solutions
The chrome tanning liquor, usually obtained by the

dioxide, glucose, molasses, etc., docs not constitute a

‘
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single active species, but contains o mixture of specics,
varying . in- structure and, propesties. The ditferent

mcchanistic pathways involved in the reduction of .

Cr(VI), such as the one- dr two-clectron equivalent
step. aqueous chemistry and the ligand capturing
abilities of the transicnt intermediates. such as Cr(1V)
and Cr(V), and the hydrolytic behaviour of Cr(ill)
products, depend on the nature ol the reducing agents.
acidity, temperature and other conditions. The acidity
of the aquo and other ligands coordinated to Cr(l1)
ion gives rise to hydrolytic equilibria of the type shown
in Eq. (1) in the [H"' T repion (1.0 - 0.1y > 10 ¥ M,

MOH3* ==MOH®™ -"* 4 1" ()

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

IMOH® =114 == M,(OH) !
U in,oo

L (2)

M,(OH)2¢ - 0 = M-O-M " )

Since most of the commercial tanning lquors are
prepared in the presence of coordinating type of
ligands  like SO}~ in aqucous solutions,
sulphatochromiun(Il) species are  also  present.
Although different spccics in the tanning liquors can
be considered to exist in equilibrium, the relatively
slow rates of re-equilibration help in the scparation of
various constituents in Cr tanning liquors. Since 1974,
there have been a number of studics on the isolation
and characterization of various active constituents
from Cr tanning liquors'' '® . By gel liltration and
ion-cxchange chromatographic techniques, laboratory
prepared Cr tanning salts have been separated, using
SO, reduction and glucosé reduction and the
constituents have been obtained in pure form. As
many as seven cationic and six non-cationic species
were isolated from SO, reduced liquors' 2 Glucose
reduction, in the presence of SOZ . also gave some
species which were same as the ones obtained from
SO, reduced liquors. Monomeric, dimeric and trimeric
complexes with charges ranging [rom +1 to 45 were
obtained. Characterization studics showed that SO,
reduced liquors, after basification to pH 3.0, gave
species 1 - 5 (ref. 18).

(4, 0 criso, )] (1,0) c{o'\/c,(nzm_,‘
507
1 . ?
(Hy0), Cr/o,'\'cf(u 0) -
o L0,
OH
4
OH ; y 2+
(Hy 034 CrTOH—CrHg0)y
5

[(H006¢]?

Besides, species of the formulations [ Cry (G
(11,0067 16 and [CROM L), (S;00: 17 were ala:
obtained from the 8O- reduced liquors., A
Glucose reduced liguors have formato, acetato and
oxalato complexes as weli as p-hydroxy dimerie and
trimeric complexes'. The solution chemistry o
Cr(HI) complexes isolited trom chrome sannming
solutions is-influcnced largely by the structore
charpge characteristics. When chrome toning v
carricd out using 4 nixture of species Tor 2205 B Gy
normally practsed during chrome tanming). onbh
constituents with v suitable thermodynanie binduy
constant and Kinctic lability were taken up by the peli,
leaving other constituents in the offfucnt'” . The
relative uptake of the various constituents from an SO,
reduced chrome liguor has been  stuched by
determining the composition of chrome tanning liquor
and its effluent. Since a higher degree of agpregation
and preater cationic charge give rise to higher
exhaustibility of’ chrome liquor, the addition of lon;
chain dicarboxylic acids was found useful during the
preparation of chrome tanning liquors' > The
apgregation tendency s also influenced by the
concentration and method of preparation.of chrome
liquors. However, in chrome tannirg practice, kinetic
factors led to the use of Cr liquors that had been
premasked by the addition of anionic ligands like
formate, acetate, oxalate, ctc. .

Kinctics and Mechanism of Chrome Tanning

The factors governing the uptake and fixation of
chromium by skin or hide are very complex. Dealing
with the three-dimensional matrix, viz. skin or hide,
the diffusion of chromium tanning materials is the
primary process. The diffusion time Jimits of = 10 '
that are characteristic of reactions in solutions of fow
viscosity cannot he asstined for the hide protems.
Factors like surtace charge of the pelt, basicity, degree
of aggregation, masking. cte. infTuence the relative cise
ol uptake and penctration'™ ' - On treatment with the
basic chromium salt, the pickled pelt may form jon
pair, as shown in Eq. (4).

h n .

O0C—P=NH,; +[(H,0), Cr L], 5 SO%

coo-p-nm; 3%

L0, Cr L3 s0s
R Y

where P refers to the collagen backbone: voas ihe
number of coordinated aquo ligands; #. the charper,
and L, ligands other than water. '
Basification to increase the number of ionized
carboxyl groups and prolonged treatment may then
lead to the inncr-sphere complexation of protein
carboxyl groups with Cr{1l), giving risc to unipointed
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fixation of the metal ion. Considering the example of

the chiel constituent of 33, lmsu. chromium «ulph.m,

,

2+
oH 2

(H10)3Cr-— OH—C'(H:O):,
50‘/
7

the following inner-sphere complexation reaction niay
ba, visualized to give unipointed binding'*.

/OH 2+ coo
(Hp0)3Cr—OH ~Cr (H,0)a| + P Quter sphere
N /c 3 e ————
NH3+
OH 2 . on
€00, |-ci-on—cr-| 2t " 50, C00-C7 Y-
/ ‘ SO,_/ = Inner, o OH/
L 2- sphere S0,
\N“3+'5°a ' . 2- -
2_ NHJ:SOL +_S_&
2 2

Unipointed bindif\g
Depending upon the spatial orientation of the
carboxyl groups in the protein chain and the size of the
Cr(ITD) polynuclear complexes. bipointed {ixation or
crosslinking of the following type might occur.

NH3* 50,2
P/' 2 +
N\ /OH - NH; ~p
. €00~ Cr~OH ~Cr -, 507 "4 P
e o Nsof -5~ Tooc

+ - -
NH3 ’SOL 50‘2’?“3 N

R
P o IR
\coo~ c/gH /
~ Cr-OH -Cr -
NP
S0/ e

o Bcpomied bindincj

The inference that the carboxyl groups are active
sites in chrome tanning was drawn from indircct
studies. The chromium upldkc was lowered drastically

» when the hide powder was dccarlmxyl.ncd The side
chain carboxylic acido groups of asparticand ;:Iulanm

.

acids are believed to be the Cr(l1) hm(lm;. sites in

collagen®. However, lie ouicr sphere U)mplu\ wion
and the diffusion of chrome tanning salis into {he pelis
being the primary steps. the greater the charge n on
Cu(111) complexes and the more negative the surface of
the pelt, the higher is the surface lixation o Cr(11). In
such cases, the penetration ol chrome tanning salts is
hindered and the resulting leather surface is coarse.
Therefore. n1.1<King"6fCr‘ * complexes by inner sphere
complexation of anionic ligands is done to achieve

better leather characteristics. Masking also helps in
stabilizing Cr(11h taining salts against hydrolysis and

precipitation as metad hydroxides by rendering Cr(11h
complexes  as  weaker acids. Solutions of basic
chromium sulphate at high concentrations behaved
like masked chrome liquors doe to the inner-sphere
complexation of sulphate groups. typically (R On
dilution, due to the low equilibrium constant for SO;
complexation these undergo aguation to give the -
sulphato-p-hydroxa species of the type (S1 which e
rise to multipoint fixation of CrilH). Chrome e
imparts to the resulting leather the ighest sheinkape
temperature of all the tannages known and practised
commonly,

[Cr, (OH), (SO 2
8

The high shrinkage temperature (7)) of chrome
leather is generally attributable to bi- or uni-pointedis
fixed chromium. Several factors such as concentritio
ol chrome liquor, masking ¢flect of the compleving
agents. temperature of tanning, presence of nenirad
salt, miture of chrome tanning complexes, pil o
tanming and the case ol hydiation of chrome collagen
compounds, cle.. seem to influence the shrinkuge
temperature. Although shrinkage temperature is used
as ameasure ol the degree of erosshinking, the exac
structure of Cre(H1) complexes with protein in bound
form or the mechanism by which the bound Criitly
confers resistanee to cotlapen apainst the action of
collagenase acollare - peeilic enzyme) and ot
has not been established. Chrome tinning niey tesinli
through any of (he folfowing mechanismis (i) toxicns
of Crily salis to the enzymes, (i) computinge
inhibition of the enzyme-specific functional proupe o
the collagen and Qi) conformational changes oy i
molecolar structure ol collagen ollowtse Cfil
protein nteraction. Attempts 1o cleave the cluons:
tanned collagen molecule sclectively, retiintng the €
collagen  crosslinks, have not been  successin!”
Nevertheless, the preconditioning and the chrone
tanning procedures for optinm cffects have been
stundardized.

ruon(hlu)mn;, and Chrome Tanniap

Science of P
Methods ™
Twa-hath chrome tanning

w22

Although the

Sahility of Cr(T) to tan hides/skins had been known

carhier. in the absence of praper preconditionuny
methods, Schultz in IS8 evalved the coneept of 1w
hath chrome tanping. The process consists essentindly
of two steps. vize treatment with chromie acid and
vinu reduction of CriV with thiosulphate in acidic
medi A bated or pickled pelt may be treated with a
solution ol sodium dichromate. sulphuric acid or
hydrochloric acid and sodium chloride. when the
chromic acid formed s distributed uniformly over the

1.
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skin. Treatment with an aciditicd solution ot the

reducing agent. Nu,S,0, or NaHSO, in the second

bath. results in the following redction:
2 Na, Cry 0746 H,SO, 44 Nay§,0,

4 C{OH)SO, +5 Na SO, + 8 | + Nu,$,0. + 410
A5

In this type of chrome tanning. & unilorm distribution
of chrome and fullness of the leather may be achicved
due to deposition of colloidal sulphur. Though this
method is particularly useful for kid and glove leather.
it is time-consuming and involves excessive use of
chemicals which increasc the pollution load.

Partial two-bath chrome tanning - Ta overcome
some of the disadvantages of the two-bath chrome
tanning process, a moditicd method in which bath
Cr(VI) and Cr(I1) were used successively was evolved.
The main features of this type of process are treatment
of the pickled stock first with a dilute solution of
sodium bichromate (0.25 - 0.5%;, Cr, Oy on pelt weight
basis) and then with a basic chromium (111) tanning salt
and finally reduction of Cr( V) with a suitable reducing
agent like sodium thiosulphate, sodium bisulphitc.
etc.??.

In all such treatments wherein a mixture of Cr;03
Cr(l1l) tanning salts and  sodium bisulphite s
cmployed to cftect tanning. the chemistry of oxoanions
has a large role to play. 1t is known that both the
oxoanions, Cr,03 ~and SO5 L underpo complexation
with [Cr(HzO),,]"‘ instantancously.  with  metal
oxygen bond retention o give pise Lo anionic
complexes??* . Therefore, a certam depree of
masking cffect and more uniform distribution of
chromium may be effected. A supgested modiication
of partial two-bath process involves treatment of the
stock pickled with formic acid and salt with sodium
dichromate and a fat-liquor, that may contain acertam
cmulsifier 22 . The reduction of chromic acid in the skin
is carried out at pH 3.3 with sodium bisulphite
acidified with sulphuric acid. I is claimed that the fat
gets fixed firmly after the reduction ol chromic.acid by
this method??. The formation of Cr{lHl)-fatty acid
complexes in this process cannot be ruled out. Itis also
believed that the use of chromic acid results in a more
uniform distribution of chrome in the leather.

Single bath chrome tanning: Various improvements in
pre-conditioning and tanning methods

Preparation of chronie tanning salis** M The commercial
cxploitation of basic chromium salts for tanning pell
by Martin Davis and supported by Procter involves the
preparation of chrome liquor through the direct
reduction of dichromate with sugar-sulphuric acid
mixture (Eq. 6) or by SO, (Eq. 7). '

CyaHyy04y +8 Nty CryOn + 24 H 80, -
16 CHOH) SO, + 8 Na:SO, +27 1O 12 CoL i)

Nit,Crp O 1 HLO -+ 80,2 CHOEHSOL NiLSOy,

h

Although stoichiometric equations, such i s (o
and (7) show the formation of CrlOMISO, along with
CO, and SO . the concentration of the reactants ind
the order in which they are added affect the formation
of the products. For example. reduction of sugar or
maolasses leads to dilferent products depending on
whether (1) sugar or moliasses is added 1o the solution of
dichromate and sulphuric acid or (i) sulphuric acid i
added to a solution of dichromate and sugar®®. The
reduction of Cr20% 1o Crtl products requires {H ]
(Eq. 8) to form the transition states involved in the
reaction '

Cr,0 0 4 1 20 17,0 ()
Therefore, in the first case, wherein CryQ3  and
H,S0, have been premixed, the sugar or mokises
enlers a strongly oxidising system and pets oxidised 1o
form CO, in the initial phases of reduction. Later.
when the concentration of Cr(VD is depleted. the
reduction becomes sfow and_gives rise 1o partiehy
oxidised or free sugars. In the second case, the Tow
acidity in the medium during ihe initial phase of the
reaction renders the oxidation of sugar milder and
Jeads to intermediate producis like formic acid and
highly masked formato complexes of Criith. 11 the
chrome liquors reduced by sugar or molisses contiain
feathers  produced  show  red

soime ree suar,
cotnties

pigmentation,  particularly in
heeause ol the  development ol mould on e

tropical

feather® 340 Further, free sugars may oo vieite
problems in drymy duc to their hygroscopicity. The
problems of mould formation and drying can he
avoided by replacing 5107, of molasses by other
reducing agents fike sodium sulphite at the Tl stages
of reduction™ . Studies have also been made 1o
identily the bacteria and mould (hat can prow on
chrome tanned leathers. so that protéction may be
rendered*S4¢. In both methods (1) and-(1). the eher
the temperature. the faster s the reaction aid more
extensive is the oxidation of swar/molasses.

The present trend is to carry out the reaction a
higher temperatures and minimize the degree of
masking. so that exhaustion of the bath is easier, Lising
agent, there s
u

l

sugar or molasses as the reducing
considerable clfervescence in the reactin ketde
higher temperatures: it can he controdled by “silicone’
defoamers®

When SO, is used as thegeducing agent, depending
upon the order ol addition. rate of Tow of SO et

olh

7 .40 .
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site, leading to a taiming effect.
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the formation of dithionato complexes is possible it

one clectron oxidation off SO, may gencrate SO,
“radicals'? . Since  readjustments  in the  tinal
equilibrium: condition of the constituents in' chroine
tanning liquors occur slowly, the chrome liquors
prepared by any reduction process aic allowed to age
for a weck before either using as such in the liquor form
or converting them into powder extract. Ageing also
results in homogencity of the chrome liguor.
Preparation of pelt®® ~**—-The normal feedstock for
single-bath chrome tanning is the pickled pelt in which
pickling renders the protein carboxyl groups unionized
and unavailable for chrome binding®. Pickling
carricd outin a solution comprising 1 - 1.4% H,50,. 4-
8% NaCland 60-80% water of the wet (pelt) weight off
hide/skin for a period of 6-10 hr. The primary function
of pickling the stock prior to chrome tanning is to
adjust the pH of the skin and the degree of swelling.
particularly of the outer zones of the skin. Fo achieve
this, the use of a “buffered pickle” comprising sodium
and calcium salts of formic acid has been suggpested.
However, leathers tanned afteér such pretreatments
lack in (ullness and the tanniffgeperiod is increased
considerably. To overcome the- dilficulties of both
‘equilibrium” and ‘buffered" pickles. dry dcliming or
treatment with amino resins has- been suggested S4.55
For dry deliming. skins are treated  with  non-
swelling acids like aromatic sulphonic acids {such as
naphthalene sulphonic acid), chromic acid, sulphoph-
thalic acid or polyphosphoric acid. Thesc, pretreat-
ments arc donc with a view to complexing Cr(1H) and
rendering the chrome tanning salts less cationic, so
that more uniform fixation of Cr may result. When

_chromic acid is used as the non-swelling acid,
equilibria (9). (10)-and (11)
H,CrO=CrO2 "+ 2H"~~ . )]
LCr(H,0)"* 4+ CrOf "==LCrO CrOY #' Sy
. g
/N M NH; ’-

! R I S / CrQy

2P ‘+Cr0‘ A 2p e
coo” ’ ~coo” i)

result giving a uniform dlslnbuuon of deK chfomium-
sulphate after reduction. T '

One limitation in ‘the use of non- qwcllm& acid for
deliming is the difficulty in carrying out the bating
operation due to the acidity. This may. however, be
avoided by pretanning the surface of the pelt with an

amino  resin - or chrome alum under alkaline
conditions™® 3% 1y the case of chrome alum, the

sulphalo coordination renders the complex ncutral.
facilitating penctration into dclimed pelt. Alkaline
hydrolysis of Cr(111) salt gives rise to cationic Cr(111) in
A" subsequent

620 .

YOI

> N R . i
diamide may also be used’’

L OCTOBER 1982

treatment with cationic chromium in the presence off

fal liquor has been reported o be benelicial
for betier distribution of cheomium and uptake ol

ctionie

s dyet!
“nitrogen bases, such as vrea melamine or dicyino-
. Such il: resin taanagg
miry be achieved by cither impregnating the skin with
monomer followed by polymerization within the skin
or treating the pelt with an amino resin ol smudl
molecular The amino resins bind the amino
proups of collagen and do not compete for the Cr

Stzc,

binding groups of protein. They tan collagen at pl 1 d-3
and have a tendency to Torm ST hases ol the type R-
CH = N-R™ and 1o form polymers®™ . Pretreatiment
with amino resins prios to chrome traning produces o
fuller, soft and supple leather, because the methylod
compounds get deposited. Protection of the st fiee
prior to Cranaiag by means of syntan and quinoug
tabining has also been recommended. but the cost,
colour .md toxicity prohibit commercinlization of
qummu e has been suggested tha
ulyeine and protemn hvdrobssates may he condened

pretreatiment.

with the ammo group of collagen through Mannwh
condensation (kg 12), producing enhanced number o
carboxy! groups for Cr fixation®

P-NIH, +CH,O + NH.CH,CO,
—PNHCH,NHCH,(O, A
The guanidino and s-lysine amino proups of collapen
may provide sites for such Mannich base conde-
Although indircct  evidence  for  such
Mannich hase condensation, involving protein amino
groups, Tormaldehyde and active hydrogen com-
pounds fike maleme acid was obtained in the form of
increase in shrinkage temperature of Cr leather™ | o
chromatographic  separation o the  hydrolysates
proyided direet evidence tor the formation of R-NIH-
CH,COO ~ (ref. 73). Although this activation ol the
protein towards chrome binding may facilitate the
uptake of Cr(I11), the Mannich reaction prior to Cr
tanning may create Cr(H) penetration problems. Such
reatments are best done in a sandwich process, where
annich base condensation helps the Cr build up

nsalions.

" during Cr retannage. Long chain decarboxylic acids,

which have a tendency to form -p-carboxylato
complexes of Cr(TH) also helpin building up chromium
during Cr retannage. On the other hand, for the
application ot non-cationic Cr(11) saltsfor Cr tanning.
the delimed pelts have been recommended. Such non-
cationic complexes may be obtained by highly masking
the Cr(II1) salts with chelating ligands like lactic acid,
EDTA or monocthanolaming®s =07

A ready complexation belween prolcm carboxyland
antonic species such as [Cr(EDTAY (H,0)] - may he

-Amine resins which are methylotcompounds of

’
-
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expected on the basis of the mode!l reaction hetween
acetate and the monounion as in Eq. (13)™ 77,

CH,CO0  +[CHEDTAXIL,0)]
[CHEDTAXCOOCH )? IR

The coordinated carboxyl groups in the FOTA and
ather carboxylato ligands e belicved to catabyze the
rates  of ~aquo  ligand  displacements by torcign
carboxylate anions (in this case protein carboxylates)
by way of lelt‘J;Q‘[IICl'i&' assistance. However,  the
binding constant in such cases may be relatively fow’™ |
explaining  thereby the poor ability of  anionic
complexes to tan and give high hydrothermal stability.

Tanning procedures 10 has been observed  that the

~highest “hydrothermal stability is obtained when

cationic Cr(I{l) complexes are used® . Therelore. the
common practice in chrome tanning is to use cationic
Cr(I11) complexes and start The tannage at pH 2.5,
where protein carboxyl proups remain unionized and
complete the tannage at pH 3.8 where carboxyl gi'mlp.\'
ionize and form complexes with-C(111). Basification (o
pH 38 Jeads to hvdrolysiz and fucther aggrenation of
Cr(Ity tanping complexes. Towever, the extent of
basilication’is varied. depending upon the end vse o
the leather. Whereas “light leathers with a “high
stretchability, to be used for gloves, cic., receive a low
pcr_ccnlngc of chrome (1.5%,) a1 a jow basicity (33",
fulliiess in upper leathers is obtained hy tanning with
2.57%, Cr;O5 at a much higher basicity (40-60°).
The final busicity of the Cilil) complexes in the pelt
may be increased by tanning with a less basic Cr salt
and basifying with a dilute solution of borax. Na,CG;, or
NaOH or by prebasification of the Cr salt, prior to
tanning to different degrees. Scveral variations in the
procedures have been suggested. the simplest being o
tan mitially with 33% basic liquor and adjust the
basification operation suitably. Since the alkaline
hydrolysis of Cr tanning complexes to give chromic
hydroxide precipitate is relatively rapid, the use of
masking salts like formate or acetate in the basification
step along with alkali is also suggested 777 . However,
to censure complete equilibration. the leathers are
allowed to age for 4-8 hr alter chronic Tanning and
basification, prior to ncutralization of the quaternized
amino groups of the protein and mincral acids used in
chrome tanning. Depending on thee nature of Jeather,
ncutralization® may be done to pH 4-5.5 using a mild
alkali like Na,CO;. borax or salts of weak acids
(masking salts) or deacidifying syntans. The purposc of
ncutralization is (i) to avoid the deleterious cifects of
mincral acids, il any left in the leather, and (i) to
facilitate the treatment with oil emulsions for
lubrication and acid dye solution for colouring. The
introduction of self-basifying agents®'#% is onc of
the major developments in this arca. A scll-basifying

nuxture contains dolomite, calcium carbonaie, sadiii
sulphite, syntans, hisulphite, sodmom bicarbong -
sodiwam polvphosphate and sodun Pnie
cattable self-basifying miniure can be wiiec

chrome bath and the masking clioor v o

polyphasphate as well as the atkafinin o o

provide the desived conditions e
the cightios ave shown thar cliroroe e 0o

may have (o be retanned surabicros s

characteristion requied ol clhivegn
vitrtous considerations i the oy

feather including the coolopicd stimdpaognie G

reviewed carhiet™ M Tremments v
axazohdines  love  boen soppedded o o

retanning of chrome Jeather™ 0 Coindne g

other mincral tannages have been suy

imparting quahtics like fullness ane scudt e
chrome leathers  using zirconmnin o u
aluminium combinition methods, It el i
B prepared by the redueeiiog

basic chrominm sulphate
of CVH with aluminium pives improved
resistance to hydrolvsis and fuliness e comiy

Chrome tanning methods with the casiy haod

tonnages. such as alminiu, the nuisking
heen found ol much usc the tormanon ol esng
complexes has heen suggested in this case™™ ™

Use af maskmg salts in chrome anning Masking 15 the
process in which the basic chromium saits e rendderad
less cationic through coardination to aniome figd.
like formate. acetate. propionate. sulphite, phosphaie
ete., so that a greater resistance te hydroivsis and
uniform distrihution of Cr may be obtianed. A lthent
it s stated that masking salts raise the precipiation
point® | it is not always true. For example, avamaih

carboxylic acids which have a tendency 1o form e
carboxylato-polynuclear complexes of Tow sofubility
tend to precipitate readily. Similarly, poiyphosphate
also tend to precipitate Cr complexes. Such masking:
agents, however, find extensive applications my “high
exhaust-low waste’ chrome methods. Bareing o fow
exceptions, the tool of imasking is used widely 1o
attempt the simphification of chrome tanning and to
impart many specind characteristics. The masking
agents may be applicd at an appropriate stage-in the
tanning procedure or used during the preparation of
the basic chrome salt itsell. The speciand chacteristics
that could be impurted include (1) built-in lubrication.
(i1} vulcanizability. (i) shower or water proofncess, Ov)
wet heat resistance, (v) sweat proofness, (vi) fullness
and mellowness, (vii) intense dycing, (vin) level dyaing.
(1x) shrunken grain effect, (x) wettability, cte.

Tmparting Special Properties to Chrome Tanucd

Leathers .
Built-in fubrication 1t has been observed that the

(2]




e e e e ———

S LSCIENTUIND RESL VOL 41, QCTOBER 1982

lubrication ol a leather can be achicved throongh the
incorporittion of deposits in the interstices ol fibre
bundles®®. However, the lubricants based on raw ol
may be extracted easily with the help of dry cleaning
solvents resulting in harsh leathers®® . To ensure that
the lubricants (or fat-liquors) are bound irreversibly,
the use of fat liquors based on long chain alkyl
sulphonyl chloride (such as Immergen) which react
with the protein amino groups, has been sugpested '
However, for application on chrome leather. the Cr
complexes used for tanning provide additional active
sites Tor the binding of leather lubricants. It has been
reported that dong chain mono- and di-carboxylic
acids"? " may be used for this purpose. The use of
chromium = stearatochloride and  Cr(IH1)-hydroxy-
stearic acid complexes for builtiin lubrication is
alrcady known"? =192,

The ammoniacal salts of long chain dibasic acids
(Cio-Cy) ™% are also used as masking agents in
which the dibasic acid may coordinate with one or
more chromium centres, alrcady bonded to collagen in
a uni- or bi-pointed manner. Such a coordination may
lead (o inter- or intra-chain crosslinks through Cr
centres, as show in compounds 9 to 11,

,004\ /ou\
s2-C00-C Cr --00C-~(CHy)R--CO0- -t Cr--00C-{
. OH . o’
Collagen Dibasic acid
9
Ot
----- C00-Cr  Cr-----00C-
N
o] (1N

00C=(CHp)p+=+C00- - C{  Cr=-00C -

OH

Collagen chains Oibasic acid Collagen chains

10

....... CO0-- -Cr-00C~,
(CH),
c= e i CO0----Cr..00C

Collagen
n

The long aliphatic chain gives the lubricating property
as well as water-proofncess and Cr-QOC bonds lend to
built-in lubrica.lion.fUéua‘lly dibasic acid treatment is
given to chrome leather I(,g\p'ngd with 1-1.5%; Cr,0,
which is then rctanned: (after -dibasic acid treatment)
with 1.5% Cr,Oy at 40°C. The penetration of dibasic
acid is facilitated by the addition of 5%, benzyl alcohol.
However, such a treatment is attended by 5-10%, loss in
arca and hydrophobicity creatés problems in dyeing
after crusting. Dycing in such cases has to be carried
out prior to drying or rechroming,

Built-in  lubrication  with  improred — dveing
properties®” 8193 _The dicarboxylic acid treatment
has been shown to cause problems in dycing ‘with

622

anjonic dyes due to lowering of the cationic suilace
charge and hydrophobicity ol the final leather alter -
crusting. Such difficulties can be avercome by treating
the leather with a long chain anino-acid, such s i
amino propionic acid or betaines'” . Wherens (he
carboxyl centre may serve to coordinate to Clh 1o
give substantivity, the aliphatic long chain and wmino
groups contribute o the lubrication and dyeing
chavacteristics respectively. These ampholeric type of
fubricants may have chain lengths up to Cy, | typical
cxamples being compounds 12 - 14 (refs’ 53, 54).

LOR
RO, CHy €00 o K& (,ch,
on’
12 : Cotlagen chain
L OH,
Coltagen |+ - - COO- (¢ E‘,r-"OOC““l -
| Now”
RNH(CH,), COC Coitagen c¢hain
13

/0"\?OC(CH2),., HNR
Coliagen , ''''' CO0---Cr Cr---00C----
Som

124

Callagen chamn

Products like monoalkyl
ester of phosphoric acid, having a long atkyl chain ¢ -
Cyaand long chain fatty acids. impart water repellency
as well as built-in lubrication. The coordination of
Cr(1h to the anionic centres and the coating of the
fihresfsurface with long alkyl chains (C, - Cha) impirt
water repellency. The phosphochrome compleses
extibit greater stability  than chrome-fatly i
compleses. Several Huorinated compounds hase o
been suggested to impart fire retardation characteris-
tics 1o the finish films on Cr leather.
Vadeanisability' > Y10 iy established that for
achicving sutlicient soltness and suppleness, leithe
lubricantsre to be included in the process. These vils
and fat-liquors, however, have a tendency o migrate
o the surface when the leather is subjected to heat

Water/shower proofmy:

_during processing, e.g. during vulcanization. In the

vulcanisable leathers, the  migration of leather

Jlubricants is avoided through complexation  with

CrlD. Application of esters of di- or polyfunctional
acids, c.g. monododecyl ester of citric acid, monovalkyl
ester of phosphoric acid, ctc. where the long chain
consists of Cy, - Cyy units, is recommended for this
purpose™? 1 The use of polysulphides has also
been suggested. :

Wet heat resistance’'? ''"®..Whereas  the  hy-
drothermal stability (7)) of leather is taken as #

~mcasure ol the degree of crosstinking. and chrome

leather is known to  exhibit  high shrinkage
temperatures, there has been much effort in further
cnhancing  the wet heat  resistance  of  chrome

>

.
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!culhcl‘s”". High temperatures (near boiling) niay be
used for operations such as dyeiny. so thit deeper
shades and greater exhaustion of the dyve bath niay he
obtained. One of the major developmentsin improvig
wet heat resistance is the apphcation of ladder type!
crosslinking agents ™21 1y g recent review. the
atility of dibasic aclds for improving wer heat
resistance -~ has  been  cmphasized ' Aromatic
dicarboxylic acids like phthalic acid  undergo
complexation  with  Cr(ll11) o give polynuclear
c<)m'plcxcss~ with decreased solubility. The use of such
aromatic acids has been reported to improve wet heat
resistance  remarkably. Chrome leathers that cian
withstand the boil test for 27T have already been
prepared  successfully'*?. Some  other means ol
increasing heat resistance of Cr leathers have been
reviewed by Herfeld and Endish'?'. Deposition of
vinyl mixed polymers with antimony oxide i agueons

solutions or the impregnation of a fluoro elastomer as
su solvent sotution has been found 1o increase heat
resistance' 2!, :

Sweat resistance ~The effect of sweat on chrome
leather has been attributed to the presence of strong
complex forming ligands, viz. factate. hydroxide,
phosphate, ctc., as well as 10 the action of muoist
heat "', 1t has been observed that the resistance of
chirome leathers to the action of sweat is poor' #4148
1s believed that the constituents of sweat, such as
lactate, hydroxide or phosphate form - stronger
complexes with Cr(IH) than the protein carboxyl
groups. Therefore, the constitucnts ef sweat lead to the
leaching of Cr(IM1) from the leather. Scveral attempts
have been made to stabilize the Cr-collagen compound
against sweat''®. One of the studies involved the
functionalization of collagen for stronger binding with
Ci(I11). Active hydrogen compounds like malonicacid.
cthylmalonic acid, orthophosphoric acid, catechol and.
resorcinol were coupled to the protein amino groups
through Mannich reaction, using fornaldehyde, as
shown in Eq. (14).

P-NH, + CH,0+ @H-PNHCH,p +1,0 . (14)

In the case of chrome leather, the additional Cr(111)
binding sites introduced through the active hydrogen
compounds arc believed to stabilize Cr(I11) against the
leaching influence of sweat. This coupling of fctive
hydrogen compounds through Mannich reaction
showed a decrease in the loss of Ci(flf) when the
leather was treated with synthetic sweat. However. it
was also observed that the introduction” of Cr(111)
binding sites and crosslinks alone was not sufficient for
the stabilization of chrome leather matrix against the
action of sweat’'®. Whereas Mannich bases ol the
type 15 and 16 did not reducc arca on sweat treatment.
resorcinolformaldehyde treatment led to a decrcase in

PHED, O, €007 PMHH-CH;

i Wt

hoth areaand Ca D Towas, thereloreaconide 1o

the dimensionad siabidity of chivoiie leathoer

Factors fike Fibre woveilmg, Bydraon cness

tn addition to crocsdilo

af fibres. et

treatments also gave enbanced werieai e g
shrinkage temperatares as high as 127 v b
pressure steant, Freatments with FRECFIO o d e

acid led to the reaction of z-lysine aminn sronin
protein according to g (15).
Pt CH2)4"“‘?_'C“30'C”?((-O(-"” 1o IERE
e PG ) g HH CH 1
L“CO?'

P”(C”z’A‘N H(_',')-l?(,l-lzljh)i')i.il o

\,
Ot
A

The additional carboxyl groups ntroduced not one

helped the nptake of chromivm o et bty
Bvdrophihoerts

W

mereased  wetiabihity dace o

Nevestheless, tha intensity o

fevehiess an dyeny
shades obtained usiig anionic dyeing procedures mam
be affected due to the Towering in the surface cation.
charge.  Resorcinol-formaldehyde  treatiment i
however, frec [rom such problems and pives <ofi
Jeathers even with low degree of fat liguoring: though
darkening of shades due to oxidation of phenoii
proups is disadvirntageous. Oncomnicrci b level e
proofing treatments are not given generally.

Fullness and  mellowness-— Chrome  tannming. i

general, is an empty type of tannage: though dibase
acid treatment is claimed to give Full leathers' ™ the
non-filting character of chrome tannage led 1o the
finding of proper combinations of tanning micthods,
Retannage with vegetable tannins, higher  basic
chrome, acrylic syntans, amino resins and treitment
with  other impregnating  materials  have  bheen
supgested 2% 12 The  products based  on - the
copolymers of castor oil and acrylic monomers ay well
as mclamine formaldehyde resin are being mar-
keted ' 'Y Some of the aerylic polymers can b
complexed with basic chromium chloride inun aleoholic
solvent like isopropanol and be uscd for filling of
chrome leathers'2* "32 It iy claimed that the Tilling
up of leathers by cither the application of acrylic salts

“or retanning with chrome acrylic complexes is superior

(o other modes of filling with acryhcs. such as
impregnation  with acrylic  solutions  or  enmul-

sions'28 132 The use of alginate
In 137

has also been
recommended’
Achiceing intense  shades Dye afliniy of
chrome or semichrome leathers may he enbanced by (i)
treating with reagents like fl-umino propionic acid, (i)
incorporating 4,4’-diamino stilbene-2,2"-disulphonic
acid in a sandwitch  process.  or (i) usmg
:llgin:llew" 38139 :
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Shrunken grain appearance-—The popular shrunken
grain effect on chrome leathers may be obtained by a
suitable reaction product of diphenyl-oxide sulphonic
acid, hydroxybenzoic acid and lormaldehyde. The
polymeric product resulting from such a reaction has
several active sites for ready chrome binding and this

- astringency has been shown to produce the shrunken

grain effect'**'*' The shrunken grain leather, starting

from wet bluc stock, produces leathers of much higher
strength  than the commercial lcathers from the
delimed stock.

Wettability'*2 ='*S —Wettable  (ype ol chrome
leathers may be obtained by any one of the following
methods: (i) by partially stripping the chrome of
crusted skin by heavy pickling and retanning with
chrome'*?, (ii) by treating the chromed skin with a
long chain dibasic acid under ncutral conditions, (iii)
by treating the chrome tanned skin with a hydrophilic
chrome complex before crusting'™ " and (iv) by
treating with complexing wetling agents and lubricants
before crusting the leather 4%,

Recent  developments in - methods  of  chrome
tanning ' ~'88__Recent approaches in chrome
tanning have two major aims: (1) time and energy
saving methods'®® 7' and (b) controlling the
pollution due to chrome tanning methods' 72 ~'#7  For
this purposc, the rationalization of chrome t.mna;,c
has been attempted.

Rationalization of chrome lannage -1t aims at

saving in time and labour by decreasing both the

number and -duration of operations. Qne of the
methods of such rationalization is to pretan with
chrome alum at the delimed stage, prior to tanning
with basic chromium sulphate. Prolonged ‘cquilibrium
picklc’ operation may be avoided by using Cr(l1l)
complexes masked highly with lactic acid, EDTA, cte.
It is belicved that highly maskcd complexes while
penetrating into the leather at nearly neutral pil may

undergo atkaline hydrolysis to basic Cr salts and-

cationic Cr tanning in -a reduced number of
6567 The rapid processing methods foc
chrome tanning h.\ve becn geviewed recenily '™

Powdetr. chrome l«lll'n_l.l‘]b is another method of
rationalization of chrore tannage®™'** WA
pickled or; '\mmo resin treated delimed-pickled pclt
may be treated with b.mc (.l‘mjmum sulphate powder
without any float, so that the penctration of C iy is
quicker. Duringsubsequent flooding, the anionic form
is hydrolysed in the drum to give cationic complexes
and optimum tanning efficicncy.

Anothet. méthod of rationalization is warm chrome
tanning in which the temperature of the bath is raised
rapidly to 80°C, after carrying out the initial tanning at
normal temperatures (20-30°C)'*% ~'*3"*However. in
this method, if proper precaution to examine T, of the
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lcather prior o warming is not taken, drawn grain may
result, This may be avoided by tanning in a low float
with an acidic salt and basilying at high temiperatures,
This mcthod ensures cfficient uptake of chromium
and, therefore, has high cxhaustion in short duration.

Chrome tanning using scif-basifying products is
another method of rationalization wherein a lightly
pickled pelt is soaked in basic chromium sulphate.
taken along with self-hasification products consisting:
of masking agents®! 83

Besides  the conventional methods of chrome
tanning, ultrasonics has also been tried with some
success ' #91Y  Chrome tanning of delimed skins is
carricd  out ullr:xsonicully in mincral/spindle  oil
cmulsion  containing  an  alkyl  phenol  ethylene
condensate type emulsilicr. 11 bated skin in 607, float
in a bath containing 4.8%, Cr,0; on pelt weight and
spindle oil emulsion is subjected to ultrasonic whistle
and tanned with basic chrome (1.8%, Cr,04). leathers
with 7, = 110°C arc obtained. The tanned leathers,
after  washing with the alkyl phenol ethylene
condensate type of emulsifier. to avoid shipperiness
during shaving, are ncutralized with NaHCO; . The
requirement of sodium bicarbonate and fat hquor is
reduced by 40% and 25-30%, respectively. These
leathers have good softness. Similarly, chrome tanning.
may be cffected in solvents also'?'. Skins could be
tanned with basic chromium chloride or basic
chromium nitrate in  alcoholi¢- solvents. The
completion of the tannages, howevet, requires water,
though thiocyanato complexes of chromium do not
require water for tanning action'”?. Use of thesc
chrome tanning solvents which can tan in aqucous
medium may not be a practical proposition at the
present. 1 has been suggested that chrome tanning in

non-agqueous media may become a reality in the near

future. However, there is now a distinet trend to po
back to water-based formulations, With the increasing
reitization of the need to save encrgy. low float
mathods are becoming popular. However, low float
methads do not help in decreasing the pollution foad:

“they only result in more concentrated effIdénts.

Efftuent  probilemys  and — methods o
minimization’®* 27 The polluting natuic of
tanning efffuents had led to major difficudiics Tor the
leather mdustry in the advanced nations. One of the
chief pollutants of the leather industry besides sulphide
is chromium ' **1%¢ T is believed. that CallHb is in fec
an essential clement and is involved in the tiuunlv
metabolism'?®; however, the insolubility of Cr*"
body pH vz\lue.s and the kinctic inertness are to he

considered. A systematic study on the toxic nature of

Cr(VD and Cr(d 1) reveals that though Cr(VI) is toxic at
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neutral pH values, i VI s not redneed casily jo
Cr(ln ™. _

One of the major approaiches in mecting the
stringent requirements of effluent waler quality i the
once adopted in the case of high exhaust and low wasie
chrome methods! 2™ - Ayenipts have been made 1o
correlate the structures of the Cr) species in Cr
liquors and their alfinity for prowins. Analysis of
Ce(ll) complexes in the efflucnt has shown (i
mononuclear and Jow charged species are the najor
constituents of the effluent ™' The wse of dibasic
acids like adipic, succinic, cle.. in the prepavation of
chrome liquors was suggested as @ means (o produce
‘low waste’ chromium tanning solutions. Increasing
amounts of such dibasic acids are now heing used for
achieving higher levels of exhaustion.

Several workers have suggested reeycling of chrome
liquors' for improving the exhaistion'®? "9

Recycling procedures were shown (o be commercially
viable and the quality of the final leather may not be
impaired by using recycled chrome iiguors. The
possible improvements of the tannery effluent from the
pointof view of the tanner have been discussed and the
fundamentals of the exhaustion of chrome tanning
process with improved chrome exhaustion have been

reviewed 209

The usc of aromatic dibasic acids and polypiios-
phates was also suggested for setting improved ¢y
MR comply  with the

exhaustion order 1o

infernational standards of Ce content in the elflucnt,
several treatment procedures and their coononics wei e
studied'77 72 The methods Tor (e recovery and
“disposal of the solid wastes from Cr tanning industry
were also studied 297 Incineration of the solid wastes
has been reported to be a very uscful method for
recovering Cr from the chrome wastes2”' . However,
further work is needed in this arca o produce ‘high
exhaust-low was(¢’ chrome tanning salts that do not
give rise to surface fixation and drawn griun. while
employing encrgy saving operations,

-

Conclusion

R&D contributing to rationalization and dévelopment
ol rapid processing methods, With an  increased
awareness of the toxic cffects of chromium., there s
a greater empjmsis on the need for impraved Cr
exhaustion methods. The challenges of the cighties to
chrome tanner are £oing to be in the form of making a
full. soft, vulcanizable, heat-resistant chrome leather.
with improved dyeing and other characteristics but
without affecting the ecological balance and using
. minimum amount ofencérgy and labour. However, to a

The century old chrome tinning methods are now,
undergoing major changes lor the last wen vears with ©

chennst trying to understind the stabilizing forces of
chrome-collagen compound. direct intormaton on the
manner inowhich chrome complexes are bouned insiie
ihe Jeather will be evident only after 4 selective
cleavipe  (withous affecting Cr-coliapen

procedure s staudardized.

Beiin !y

Sunumary
Recent trends i the chemistry and technohoes o
chrome tning ucludig the moditications w4

pretmning process are deseribed.
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