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promise for use in practical dyeing.

A low-temperature dyeing redox dyeing system has been investigated. The system has shown considerable

INTRODUCTION
Silk fibres have long held the interest of man from the
scientific, technological and aesthetic points of view. The
lustre, handle and draping qualities of the silk fibres are
superior to those of many other textile fibres. However,
dyeing at the boil easily damages silk fibres. Therefore low-
temperature dyeing is an attractive option in order to
decrease this potential damage.

The work described here is an investigation of the low-
temperature dyeing of real silk fabrics by means of a redox
system.

EXPERIMENTAL

Materials

Mill-degummed and bleached plain woven Bombyx mori
silk fabrics were used for the dyeing experiments. Prior to
dyeing the fabrics were treated with an aqueous solution
containing 1 g/l acetic acid and 2 g/l non-ionic surfactant
(Detergent JU) for 10 min at 90°C at a liquor ratio of
60:1.The fabrics were then thoroughly washed at room
temperature.

Hydrogen peroxide, glucose, sodium acetate, acetic acid
and sodium chleride were laboratory-grade chemicals. De-
tergent JU and soap were used as surfactants.

The commercial dyestuffs Acid Violet 4BNS (S, CI Acid
Violet 49), Xylene Fast Red 2B (S, Cl Acid Red 336), Polar
Brilliant Red 10B (CGY, Cl Acid Viclet 54), Xylene Brilliant
Blue 5GM (S, CI Acid Blue 142), Xylene Brilliant Green
3GM (S) were used without further purification.

Dyeing

Unless otherwise stated, dyeing was carried out as follows.
The weighed silk fabric samples were introduced inte a dye-
bath containing the requisite amount of dye, sodium chloride
(2 g/1) and the redox system at a liquor ratio of 30:1. Dyeing
was performed at temperatures ranging from 40 to 90°C for
varying lengths of time (10-30 min), and the temperature
maintained for a further 60 min with continuous stirring. At
the end of the dyeing, the dyed sample was then removed
and rinsed three times in 50-100 ml cold water, and scaped
in 150 ml soap liquer containing soap (3 g/l), sodium
carbonate (2 g/1} for 5-10 min at 95-100°C. The rinsing
liquor was returned to the original dyebath and made up to
standard volume before measuring absorbance. Finally the
samples were rinsed and dried at ambient conditions.

Test methods
The percentage exhaustion of the dyes from the dyebath E
was calculated according to Eqn 1:

Ag Ay

E = .100 (1)

d

where Ag and A, are the quantities of dye originally in the
dyebath and of residual dye in the dyebath respectively.
The fixation ratio F was calculated according to Eqn 2:
Ag-Apy-A,
Ag '

F = 100 (2)
where A, is the quantity of dye removed by washing.

Washing and rubbing fastness tests were respectively
performed according to GB 251-84 and GB 250-84 [1}.

RESULT AND DISCUSSION

Effect of hydrogen peroxide/glucose on low-
temperature dyeing of silk fabrics

Since the primary objective of this study was to clarify the
role of the redox system in the low-temperature dyeing of
silk fabrics with acid dyes, an acid dye, namely, Xylene Fast
Red 2B, was applied to silk fabric from a dyebath containing
the dye (2.5% o.w.f.} and hydrogen peroxide when inde-
pendently used as oxidant (0.1 mel/1} with glucose as a
reducing agent (0.1 mol/1).

Table 1 shows that the values of exhaustion and fixation
in the low-temperature dyeing for silk fabrics were consider-
ably higher in the presence than in the absence of the redox
system. [t is obvious that there was a considerable difference
between modes of interaction of the acid dye in these two
cases. In the absence of the redox system dyeing proceeds
via electrostatic bonding between the dye anion and the

TABLE 1

Effect of redox system(®

Fixation (%)

Before After

Redox system Exhaustion (%) extraction extraction

None 57.35 50.5 9.4
Hydrogen peroxide/
glucose {both 0.1 mol/l) 94.32 90.2 43 21

(a) Xyiene Fast Red 2B 2% {o.w.f.). NaCl 2 g/l; liquor ratio 30:1,
dyeing for 60 min at 70°C; extraction with dimethylformamide
(DMF)/water (1:1) for 30 min at 50°C
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protonated amino group, hydrogen bonding between the
amido, hydroxy, amino groups in the silk fibre, and hydroxy
and amino groups in the dye and/or van der Waals forces [2].
In the presence of the redox system (hydrogen peroxide/
glucose), it is conjectured that free rad-icals are formed in
both the fibre and the dye and that the interaction between
these free radicals favours reaction at the dyeing sites on the
fibre surface. It is possible that this could bring about
covalent fixation in addition to the usual ionic links, hydrogen
bonds or van der Waals forces. This mechanism is supported
by the high fixation value obtained after DMF extraction of
dyeings carried out using the redox system,

The hydrogen peroxide/glucose system evidently takes
part in the dyeing process. A tentative mechanism for
covalent bond formation between silk and acid dye is shown
in Scheme 1, where S~NHj,, D-H, G-OH represent silk,
acid dye and glucose respectively.

1. H0, 2HC-

2. G-OH + HOO — = H,0 + GO

3. S—NH, + HO" (or G—0-) = S—NH- + H,0 (or G—OH)
4. D—H + HO: (or G—0Q') —— D + H,0 (or G—OH)

5. S—NH- + D ——— §—NH-D
Scheme 1

Table 2 shows that the presence of hydrogen peroxide or
glucose alone does not enhance exhaustion or fixation.
However, when both reagents are present exhaustion and
fixation are improved considerably. For a given redox
system, the exhaustion and fixation values increase on
increasing the oxidising agent, i.e. hydrogen peroxide,
concentration from 0 to 0.1 mol/l. Further increases be-
vond 0.1 maol/l are accompanied by a falling off of dyeing
performance. The optimum exhaustion and fixation were
found to be obtained at 0.1 mol/] hydrogen peroxide and
0.1 mol/1 glucose.

Figure 1 shows the effect of hydrogen peroxide/glucose
concentration in the dyebath on exhaustion and fixation

TABLE 2

Effect of hydrogen peroxide and glucose concentration

Hydrogen Glucose
peroxide (mol/l) {mol/1) Exhaustion (%) Fixation (%)
0 0.1 55.0 491
0.1 0 50.5 504
0.1 0.01 91.7 86.0
0.1 0.05 90.5 84.6
0.1 0.1 93.7 88.2
0.1 0.15 390.8 85.4
0.1 0.2 924 85.2
0.01 0.1 89.1 84.0
0.05 0.1 93.5 88.0
0.15 0.1 91.4 854
0.2 0.1 91.0 84.2
0 0 57.4 50.5
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Figure 1 — Effect of redox system on exhaustion and fixation

values. The dyeing conditions were similar to those de-
scribed above, except that the concentration of the redox
system was varied from 0 to 0.20 mol/l. It is evident that
increasing the concentration of the redox system components
up to 0.1 mol/] is accompanied by a significant enhance-
ment in the exhaustion and fixation, which then decrease.
When the concentration of the hydrogen peroxide/glucose
redox system is increased, a large number of HO- and GO-
radicals are formed, which contribute to the initiation and
propagation of dyeing. The free radicals of the systern are
thought to interact with the molecular backbone of the silk,
giving rise to silk and dye free radicals, S~-NH- and D-, aiding
the formation of new adsorption sites, as weil as increasing
the solubility and the disaggregation of dye molecules. The
dyebath becomes slightly acidic, promoting exhaustion of
the acid dye onto the silk.

A redox system concentration above 0.1 mol/] probably
involves participation of an abundant radical species in a
sel{-termination process, leading to oxidation of the silk fibre
and/or the formation of less active species. This would
explain the subsequent decrease in exhaustion.

Temperature of dyeing

Figure 2 shows the effect of dyeing temperature on exhaus-
tion and fixation when the silk fabrics were dyed in the
presence of 0.1 mol/l (each) hydrogen peroxide/glucose at
nine different temperatures ranging from 40 to 80°C for 60
min. The results indicate that fixation increases rapidly at the
start and then slows down. Nevertheless, exhaustion was
much better than when the redox system was absent. As the
temperature increased decomposition of the redox system
gave rise to more radical species. This increased the level of
molecular activity of the dye—fibre system in general [3,4].

Effect of the buffer system

The pH value in the dyebath had a large effect on dyeing.
Decreasing pH in dyeing bath was accompanied by a
significant enhancement in exhaustion. An acetic acid/
sodium acetate buffer was used to control pH; the results are
shown in Table 3.



100 100
8ol
=8
. 80
5 F 60
T 5
§ E 40
O 60
20|
; . | . | | 1 1
50 &0 70 80 20 40 60 80 100

Temp, <G Time, min
Figure 2 - Effect of dyeing temperature on exhaustion and
fixation. dyeing for 60 min at a liquor ratio of 30:1 {for key see
Figure 1; dashed line indicates redox system not used)

Figure 3 - Effect of presence of redox system on rate of dyeing
(for key see Figures 1 and 2)

TABLE 3 100
Effect of acetic acid/sodium acetate buffer on
dyeing 80
<
Temp. Buffer Exhaustion Fixation LDP % 60 -
(°C)  concn (mol/l) (%) (%) grade(® &
©
50 None 73.7 68.8 2 g 4qor
50 0.1/0.1 76.4 68.6 1 -
60 None 88.9 83.6 2
60 0.1/0.1 94.9 92.2 1 20
70 None 93.2 88.7 1
70 0.1/0.1 96.1 91.6 1
75 None 957 91.8 1 L L : L
75 0.1/0.1 95.7 93.1 1 2 4 6 8 10
Dye concn, % o.w.f.
(@) LDP - level-dyeing property [5]: 1 AE* <0.55 Figure 4 — Effect of dye concentration on exhaustion and
Z AE” 0.55-1.00 fixation {for key see Figures 1 and 2)
TABLE 4
Effect of dye nature on exhaustion and fixation, wash fastness and rub
fastness
Wash fastness Rub
at 90°C fastness
Exhaustion  Fixation
Acid dye %) {95) S C Dry Wet
Polar Brilliant Red 108 95.7 84 .8 3 3-4 5 4-5
Xylene Fast Red 2B 92.6 90.0 3 3 5 4
Xylene Brilliant Blue 5GM 99.3 70.1 3 4 5 4
Acid Violet 4BNS 98.1 88.9 2 4 5 3-4
Xylene Brilliant Green 3GM  98.2 914 2 4 4 4

Acid dye 2.5% o.w.f.. hydrogen peroxide/glucose 0.1 mol/l {each). liquor ratio 30:1,
dyeing for 60 min at 70°C.

S - change in shade and depth of shade

C - staining on white cotton.
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Rate of dyeing

Figure 3 shows the rate of dyeing with Xylene Fast Red 2B
on silk fabrics when dyeing was performed with and without
the presence of the redox system (0.1 mol/l {each} hydrogen
peroxide/glucose). The results indicate that the rate for
dyeing proceeds initially very rapidly, then slows down
before levelling off. Nevertheless, the rate of dyeing is faster
in the presence of the redox system, reflecting role of the
free radicals generated. On the other hand, sufficient time is
needed to allow convective transfer of dye to the surface of
the fibre, adsorption at the fibre surface, diffusion to the
interior of the fibre and interaction with the fibre to occur.

Concentration and nature of dye

Figure 4 shows the effect of acid dye concentration on the
exhaustion and fixation of acid dyes on silk fabrics (0-10%
o.w.1.}with and without peroxide/glucose redox system (0.1
mol/1} (each) present for 60 min at 70°C at a liquor ratio of
30:1. Increasing the dye concentration from 2 to 10% o.w.f.
increases both the exhaustion and the fixation level. Again

both exhaustion and fixation are higher in the presence of
the redox system. Table 4 shows the behaviour with the
range of acid dyes investigated.

CONCLUSIONS

The results of this work show that exhaustion and fixation of
acid dyes are improved in the low-temperature dyeing of silk
fabrics when a hydrogen peroxide/glucose redox system is
present. The redox system causes an increase in the number
of dyeing sites on the silk through the action of free radicals,
which, it is tentatively postulated, might assist covalent
fixation, in addition to the usual ionic links, hydrogen bonds
and van der Waals forces.
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