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INTRODUCT ION
Dyeing of cellulosic textiles with vat dyestulfs
i1s carried out on an extensive scale as the resultant
dyeings show very good all roung fastness properties,
In order to avold the oxidntion of leuco vit dye during
dyeing, large excess of sodium hydrosulphite is necessary,
the excess amount being as much as 5 to 6 times the
theoretica. with some vat dyes. 1In addition to wastage,
large excess of hydrosulphite can lead to overreduction,
Lydrolysis and erystallisation of vat dyes, specially
at higher temperatures, Ths excessive electrolyte
concentration developed in the dyebath due to use of
large quantities of hydrosulphite at times results in
rapid exhaustion and non-uriform dyeing.
METHODS FOR REDUCTION IN HYDROSULPHITE CONSUMPTION
IN VAT DNYEING
During the last few years, several attempts have
been made to reduce the consumption of hydrosulphite in
vat dyeing by adopting the following different approaches.
A. Modification of the dyeing machine through use of
sutmerged rollers or maintaining an atmosphere of
nitrogen in the dye vessel.

A Japanese firm introduced an enclosed Jig
with sulmerged rollers where during the entire
dyeing operation, the fabric roll remained below
the level of 4dye liquor. This method of dyeing
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did not find favour because in this case the liquor
to material ratio Increases considerably thereby
making dyeing uneconomical, Under laboratory
conditlons, where ni:rogen atmosphere 1 mairitvined,
vat dyes remain in reduced form with only the
stolchiometric quantity of hydrosulphite in the bath,

B. Increasing the red/ox potential ¢f the system,

BASF has developed iongal A which for conting-
ous pad-steam process when used in combination with
bydrosulphite offers the 1dvantage of reduction in
hydrosulphite consumption by 30% at proportions of
hydrosulphite to Rongal A (3:2)71 7, This product
1s an activated sulphinic aeid derivative and its
solution in wresence of caustic alkali developes
red/ox potential higher than that of hydrosulphite,
This sulphinic acig derivative does not have any
sti. 11ising eifect on hydrosulphite whatsoaver but
both t. » reducing agents are supposed to react side
by side with the dye and atmospheric oxygen.

Ce Pertial substitution of hy drosulphite by cheaper
reducing agents which have synergistic effect on
the reduction char:cteristics of sodlum hydrosule
phite.

Numbers in the Parentheses refer to the corresponding

Numbers in the reference 11ist at the end of the paper,
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When sodium sulphide 1s used along vith
hydrosulphite in vat dyeing, it has been found
possible to reduce the consumption of hydrosulphite
by about 304, the extent depending on the dyeing
technique used[ 2 1, Prom the meisurements of red/
ox potentials and stability of alkaline solutions
containing sodium hydrosulphite in combination
with sodium sulphide, 1t has been concluded that the
effectiveness of sodium sulphide is due to the
synergistic effect produced.
Retardation of the decomposition of sodiwm
hydrosalphite,
Btters[ 3 Jhas desayribed a hyarosulphite
decomposition retarder of the general formula

x—£ Iuab.n*

L n
vhere groups R and X determine, to a great extent,
the stability of the complex formed with hydro-
li:lphito and M 1s a monovalentemation. It has
been claimed that reductions of the order of
20 = 40% in hydrosulphite consmption under
specific conditions can be achieved W judicious

use of the retarder.
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Stabilisation of Reduced Vat Dyestuffr,

Sodimm borohydride, whicn is a potentially
strong reducing agent, in combination with
sodium hydrosulphite has been found to effect a
reduction of 15 - 25¢ in hydrosulphite consump-
tion [4,5] . Borohydride is supposed to act on
some intermediate form of the vat dye, some stgte
in between leuco form and oxidised form. This |
claim has been refuted by some workers [6,7] who
have shown that although borohydride increases the
negative potential of the dyebath, it fails to
reduce vat dyes and alse there is no improvement
in the stability of the dyebath against oxidation,
Combination of leuco @ye stabilisation and
prevention of hycrosulphite oxidation.

Shah (8 Jfrom vat dyebath stability studies
in presence of dextrin and sodium bisulphite has

indicated the possibility of reducing consumption
of hydrosulphite by 50% using a combination of
these tvo compounds. Dextrin has been shiwm

to increase the stability of leuco vat dye and
sodiwm bisulphite to retard the rate of oxida-
tion of excess hydrosulphite.
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111, CATHODIC REDUCTION OF SODIUM HYDROSULPHITR
Furness{9]observed that all commercial hydrosulphites
show a polarographic wave with a El/z of «C.43 V and a
slight kink between ~C.5 and =C.6 V. When the polarogram
was extended to more negative potential, a small cathodic
wave was observed with a El/z of =1.03 V, According te
this investigator, the cathodic wave was due to the reduc-
tion of a species of hydrosulphite ion whose concentra-
tion at 26°C was much smaller than that of S0~ ion.

An abnormally high temperature coefficient of 6% per

*C for the limiting cathodic current was regarded as an
indication of the effect of temperature on the hypotheti-
cal equilibrium between the two forms of sodium hydirosule-
phite,

Subsequently, Cermak [10] investigated exhaustively
the polarographic behaviour of sodium hydrosulphite in
neutral and alkaline media. At temperatures near 0°C,

a single anodic wave controlled by diffusion was obtained.
When the temperature was increased a new more negative

" anodic wave and a cathodic vave of equal heights were
formed, and the ratio of the limiting current for the

more negative anodic wave to the total limiting current
increased from zero to unity with increasing temperature.
This bebaviour of sodium hydrosulphites has been explained
by Cermak to be due to the decomposition of hydrosulphite
according to the equation

8302 ————P 2,807 eu.eeececarececccenes(l)
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to produce free radical iem S0g« The fres wadical ions
formed in reaction (i) coulqd undergo electrochemical
oxidetion and reduction at the dropping mercury electrode
as represented by reactions (11) and (111) respectively,

«SOg ==y SO08 + € tiieieeitencerncons (11)

S0g+ © w——eemy S0g~ R RN C LR D
Electrode reaction (i1) gave rise to more negative
Anodic wave while renction (111) gave rise to the
cathodic wave. The electrochemical reduction of the free
radleal lon ,50; according to the reaction (111) resulted
in the formation of sulphoxylate 1on SO?:

In order to examine eritically the cathodie
reduction of sodium hydrosulphite, 1in the Present stugy,
& controlled potentinl electrolysis cell (Figure I)
was constructed, wherein the red/ox potential of hydro-
sulphite under different conditions viz, application of
different cathodic potential, varying pH ang temperature,
ete. could be meéasured directly by a digital voltmeter,

It is observed that increasing cathodic potential
increases rapldly the red/ox potential of alkaline
hydrosulphite solution (Flgurs I1), ang this effect is
Rore marked with increasing pH of the solution ang
increasing temperature (Plgures III ang IV). These
results indicate that by appropriate cathedic reduction

under suitsable comditions, it is possible to generate

from sodium hydrosulphite s powerful reducing species
vith red/ox potentisl higher than that of hydrosalphite
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itself. The rate of decomposition of this species in air
at 30°C 1s found to be higher than that of hydrosulphite
(Figure V), and this rate 1s accelerated when temperature
is increased from 30 to 60°C.

Subsequently, experiments were carried out wherein
an electric current was applied to alkaline sodiwm
hydrosulphite solution under different experimental
conditions and total quantity of reducing compounds formed
in the solution was determined. 1t is observed that when
an electric current is applied to an alkaline hydrosul-
phite solution, the stability of the solution increases
and the rate of overall decomposition is less than that
observed without the application of the current
(Figure VI). The stabilisation has been found to be more
marked wp to a duration of about 120 min. tut beyond this
stage, decomposition of the reducing solution appears to
follow the same rate as that of hydrosulphite in absence
of applied ocurrent. 8tabilisation is better effected
at hi;hor eoncentrations of hydrosulphite and at tempera-
tures of 30°C as compared with 60°C., Potentiometric
titration of the alkaline sodium hydrosulphite in absence
and after application of electric current was carried out
vith potassium ferricyanide as oxidising agent. It is
observed that whereas in case of hydrosulphite solution
in absence of curreat, there is only one inflextien point
corresponding te -780 mV, vhem current is passed through
the solution, two inflextien points cerrespommding to
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~1157 and =770 mV are observed (Mgure VII) indicating
that a differeant reducing species with a red/ox potential
much higher than that of hydrosulphite is generated when
an electric ocurrent is applied to the hydrosulphite
solution. Furthermore, the quantity of the oxidising
agent, KgFe(CN)q, required for titration 1s more when
electric current ig Passed through the solntion.,
DEVELOPMENT OF A PROCESS FOR REDUCTION IN HYDROSULPHITR
CONSUMPTION IN VAT DRING,

In order to find whether the generation of a nore
poverful reducing species than hydrosulphite through
cathodic reduction could be made use for effecting redio-
tion in hydrosalphite consumption 1in vat dyeing, electrode
systems were designed both for continuous dyeing as well
as Jig dyeing (Mlgures VIII and IX) and appropriate IC
current was passed through the alkaline hydrosulphite

solution. It 1s observeq that substantial reduction in
the quantity of hydrosulphite required could be effected
by application of the current as compared with that
required in conventional vat dyeing. Reduction effected
1s dependent on the method of application of the vat aye
(Table 1),

In the design of the electrodes two faetors appear
to play important role for optimum reduction in hydro-
slphite consumption. Firstly, a large surface of

cathode 1s desirable to produce increased quantity of
the reducing species with high red/ex potential, anq
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secondly the material of construction of the cathode

1s equally important. When the reaction is cathodie
reduction occurring at fairly negative cathodic potentials,
it becomes necessary to use cathodic materials with a
high overvoltage for hydrogen evolution so that the
desired cathodic reaction takes place selectively without
loss in current efficiency due to hydrogen evolution.

In the present process, high nickel stainless steel mesh
has been used as cathode material, as this metal lies
midvay in the overvoltage series in the alkaline range.
This material has been found to be :atisfactory and is
being currently in use in all units installed for
continuous dyeing. However, laboratory studies suggest
that cathode materials having very high overvoltage have
very high conversion efficiency of hydrosulphite to
sulphnxylate. In fact, ne conversion was observed vhem
platinum er iron, which are very low in the overvoltage
series, vas used as cathode material. The highest
conversion efficiency vas obtained wvith the highest
overvoltage materials mercury > lead ) zinc. It was also
observed that metals vhich are very efficient as cathede
materials are also very e”ficient as oatalyst for the
exidatioen of hydrosulphite Ly atmospheric oxygen under
open eircuit conditions. For the present electrochemical
process, excesgsive cost of platinum, iridium and palla-
dium precludes their use as anode materials though chemical
attack on these anodes 1s negligible. Stainless steel
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strips as anode have proved satisfactory in the present
Process, and although some oxidation and wear of the
anode does take place, the replacement costs are small,
If sodium chloride is present in the alkaline hydrosul=-
phite solution, graphite rods can pe used as anode,
However, in thisg case, chlorine gets liperateq at the
anodes. To prevent thae oxygen liberated at the anode
from oxidisin, hydrosulshite in the bath, porous PvC
filter tube, closed at the bottom with & porous PVC di sc,
has beecn used s a diaphragm (Figure VIII)s 1In case of
Jig dyeing, the Jig vessel itself mas been made a cathode
to make available ag much surfaca ag possible for cathodic
reduetion and stainless steel mesh anode is kept Just
below the surface of the liquor to facilitate the escape
of liberated oxygen into the atmosphere (Pigure IX).

The proce:s has til1 now been introduced in 26
textile mills in India, % continuous dyeing ranges,
70 Jigs and 1 molten metal dyeing unit have bean fitteqd
with appropriate electrode systems, and substantial
reduction in hydrosulphite Consumption has been achieved
during the last two years during which the Process has
been in full comnercial use in the textile industry in
India.

In conclusion, cathodie reduction of sodimm
hydresulphite by use of appropriate electroge systems
and conditions of electrolysis offers a methed fer

substantial reduction in aydrosulphite consumption in vat
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dyeing. The process is simple to operate, capital cost
of electrode system 1s much less as compared with the
savings in the use of hydrosulphite achieved, and the
cost of consumption of electiricity is quite low. 1In
addition to reduction in hydrosulphite consumption and
consequently lower cost of dyeing vat dyes, the process
is advantageous from the point of view of reduction in
stream pollution to a certain extent as it involves

electrolysis which results only in the formation of none

toxic gases, hydrogen and oxygen.
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Table 1. Possible reduction in sodiwm hydrosulphite
consumption for different application

techniques
Method Reduction, £ of normal
--.-m—-.-”--.'“----.--------.--"--------------~----..-
Leuco vat dyeing 18 - 20
Centinuous dyeing 25 - 30
(vet-on-wet )
Continuous dyeirg 30 - 38
(pad-dry-development)
Pad-1g dyeing 25 - 30
(wvet-on=vet)
Pad-jig ayein 3 - 35
(pad:dry-dweiomt)
Molten met:1 dyeing 38 - &

Beee CoewserseneSeaw e @ ey e oo e g e v ..-.--.-hcﬂﬁ..-.-““.




- 13 -

3aferspcaat

1. G. Schonrock, Stable Reducing Agents in Continuous Pad-
Steam Dyeing vith Vat Dyestuffs, Amer. Dyest. Rep., &3,
P 456 (1966).

2. V. Balasubramanian, B.H. Daruwalla and R.M, Kuwadia,

BTRA Process for Hydrosulphite Substitution, Colourage,
12, No. 13, 31 (1970).
3. J.¥. Btters, Stabilization of Sedium Dithionite in

Cont imuous Pad-Steam Dyeing, Text. Chem. Color., 4,
83 (1972).

4. W.F. Harrison and A.A. Hinkley, Vat Dyeing with Scdium
Borohydride, Amer. Dyest. Rep., 32, P 237 (1963).

5. D. Vivilecchia, Bydritex-D-A Leuco Stabilizer for
Batch Dyeing, ibid., 38, P 510 (1966).

6. U. Baumgarte and U. Keuser, Betrachtungen Yber den
Binsatz von Natriumboranat in Kipenfarberei, Melliand
Textilbet., 47, 286 (1966).

7. G.P. Fair and R.C. Shah, Sodium Borohydrido in Vat Dyeing,
Text. Res. J., 40, 303 (1970).

8. R.C. Shah, Partial Sabstitution of Hydrosulfite with
other Reducing Agents During Vat Dyeing, Text. Chem,
Color., &, 28 (1972).

9. W. Parness, The Analysis of Coamercisl Hydrosulphites
and Related Compounds ty Polarographic Methods, J. 8ec.
gyers Colour., @4, 270 (1950).

10. V. Cermak, Polarographic Study of Sodlum pithionite, Chem.
Zvesti, A, T4 (1954)) CA 42, 14532 D (1988).




- 14 -

Lagand for Piguress

Figure I. Controlled potential electrolysis cell
(perpendicular section),

Figure II, Variation in red/ox potential with applied
cathodic potential.

Figure III. Variation in red/ox potential at different
PH under constant cathodic potential,

Pigure 1IV. Variation in red/ox potential at aifferent
temperatures,

Figure V. Decomposition of Nag8,0, and reducing species
in air at 30°C.

Figure VI, Stabilisation of Nag8y0, at aifferent
temperatures through electrolysis,

Pigure VII, Red/ox titration of NaySy0, solution before
and after eleotrolysis,.

Figure VIII. Tiectrode assmbly for continuous Qyeing.

Figure IX. Electrode assambly for jig dyeing.
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