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The dyeing of silk fabric with liquid sulphur dyes has been investigated. The results show the dyeings
with good exhaustion and colour fastness are theoretically possible. Under weakly alkaling, low-

temperature dyeing conditions damage to silk fabric was slight.

INTRODUCTION

Silk has been called ‘the queen of fibres' [1,2], its natural
lustre, handle and draping properties being superior to
those of many other textile fibres. However, it is easily
damaged when dyeing at the boil, so low-temperature
dyeing is usual preferred. Today, high wet fastness has
become an increasingly important goal for the silk dyer in
order to meet consumer requirements. The wet fastness of
dyed silk tends to be unsatisfactory due to the use, in
conventional dyeing, of acid, basic or direct dyes. Hence the
fixation aftertreatments are frequently used to improve
fastness properties. Alternatively silk fabrics can be dyed
using reactive dyes, which bind covalently to the silk,
giving improved wet fastness [3-6].

Fixation aftertreatments can affect the brightness of silk,
and there can be relatively high amounts of free
formaldehyde produced when using some cationic fixing
agents. Although dyeing with reactive dyes can overcome
these problems, there are technical problems associated
when applying deep colours.

Previous we have discussed the dyeing of real silk fabrics
with vat dyes [7]. These dyes possess extremely good wet
fastness and brightness of shade but are expensive. As a
continuation of this work, the present paper describes
attempts to develop conditions appropriate for liquid

sulphur dyeing of mulberry silk fabrics. We believe that the
new method can be useful in enhancing wet fastness and
decreasing process costs.

EXPERIMENTAL

Materials

Mill-degummed and bleached woven silk twill fabrics and
plain woven Bombyx mori silk fabrics were used for the
dyeing experiments. Before dyeing, the fabrics were treated
in an aqueous solution containing 1 g/l nonionic surfactant
(Detergent JU) for 10 min at 90°C, liquor ratio 50:1, then
washed thoroughly in water at room temperature.

The commercial dyestuffs Liquid Sulphur Yellow 2,
Liquid Sulphur Blue 7, Liquid Sulphur Green 3, Liquid
Sulphur Green, Liquid Sulphur Green 611, Liquid Sulphur
Green LG, Liquid Sulphur Brown 10, Liquid Sulphur
Brown 4, Liquid Sulphur Blue 15, Liquid Sulphur Black BR
were used without further purification [8].

All chemical reagents were of laboratory reagent grade.

Dyeing

Unless otherwise stated, dyeing was carried out using a
laboratory dyeing machine as follows. The weighed silk
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fabric samples were introduced into a dyebath containing
dye, alkali and reducing agent at a liquor ratio of 40:1. Dye-
ing was performed at temperatures ranging from 30 to 55°C
for varying lengths of ime {10-20 min), and the temper-
ature maintained for a further 35 min with continuous
stirring. At the end of the dyeing, the dyed samples were
removed and rinsed twice in 50-100 ml cold water, and
soaped in 150 ml liquor containing soap (3 g/), sodium
carbonate (2 g/l) for 10 min at 95-100°C. The rinsing liquor
was returned to the original dyebath and made up to
standard volume before the absorbance was measured.
Finally the samples were rinsed and dried under ambient
conditions.

Test methods
Damage to the silk fibre, expressed as amino group content,
were meastired according to the ninhydrin method [9].

The percentage rate of exhaustion E was measured
spectrophotometrically and calculated according to Eqn 1:

g=20—Ar 09 (1)
AO

where A and A, are the absorbance values at A,,,,, of the dye
originally in the dyebath and of residual dye in the dyebath
respectively. The amount of liquid sulphur dye on the dyed
fabric was determined by extraction of an accurately
weighed dyed sample in dimethyl formamide (1:1) and
measuring the absorbance of the extract on a spectro-
photometer. Calibration curves were also plotted to allow
calculation of the amount of dye on the fabric.

The various fastness levels were determined according to
Chinese standards methods. The tensile strength of the
fabric was measured using an ASTM D-1628 strip test.

To determine dyeing levelness, the colour coordinates of
five points on a sample were measured using a TC-PHG
ColourEye (Bejing Optics). The first point was taken as the
standard, and the values of the other four points were
compared with this. If the maximum colour difference (AE)
was less than 0.50, the levelness grade was defined as 1; if
the maximum AE was 0.50-1.00, or more than 1.00, the
levelness grade was defined as 2 or 3 respectively.

RESULTS AND DISCUSSION

Effect of alkali

The effect of solution pH on damage to silk is shown in
Figure 1. The minimum amino group content of the silk
occurred at a dyebath pH of 9; above this level peptide
hydrolysis on the silk fibre was not significant. In the
conventional dyeing of cotton with sulphur dyes the pH
value in the dyebath is set very high, because the propor-
tion of sodium sulphide present is also relatively high. Such
a high pH value would clearly not be appropriate in the
dyeing of silk fabrics. We found that the required alkah
content in dyeing of cotton with liquid sulphur dyes was
lower than that with other forms of sulphur dye. The effect
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Figure 1 Effect of the pH value on amino group content of silk after
treatment for 3 h at 100°C, liquor ratio 40:1

Table 1 Effect of the pH in treatment bath at 100°C

Decrease
increase in in breaking
amino group  Loss of strength of fibre

pH content (%) albumen (%} (%)
5 32.8 0.21 6.8
6 328 0.27 8.3
9 2.8 0.13 8.5

10 22,5 0.42 12.4

1 50.0 1.13 25.0

of pH in the treatment bath on the change in the amino
group content, loss of albumen and breaking strength of the
silk fibre is given in Table 1.

In dyeing of silk fabrics with liquid sulphur dyes, it is
necessary that the dyebath is regularly replenished with
alkali and reducing agent. For this system a strong alkali
such as sodium hydroxide was not suitable as the sudden
change in pH caused would be too deleterious. Instead
sodium bicarbonate was used to replenish the dyebath,
along with reducing agent.

Figure 2 shows the effect of sodium bicarbonate con-
centration in the dyebath on exhaustion and damage to the
silk. Increasing the alkali concentration up to 6 g/l was
accompanied by a significant increase in exhaustion, up to a
limiting value. The results indicate that enhancing the
concentration of alkali was accompanied by a significant
increase in damage to the silk fabric or decrease in tensile
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Figure 2 Effect of sodium bicarbonate concentration on exhaustion
and tensile strength of silk fabric dyed with Liquid Sulphur Green 611;
trisodium phosphate 0.25 g/t (to soften hard water), sodium
thiosulphate 4 g/l dye; dyeing for 35 min at 55°C, liquor ratio 40:1
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Figure 3 Effect of concentration ot sodium thiosulphate on exhaustion
and the tensile strength of silk fabric (for key see Figure 2)
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Figure 4 Effect of temperature on exhaustion and tensile strength of
silk fabric; sodium bicarbonate concentration 6 g/l (for key see Figure
2)
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Figure 5 Effect of time on exhaustion and tensile strength of silk
fabric; dyeing at 55°C {for key see Figure 2)

Table 2 Effect of sodium suiphate on
dye concentration in the silk fabric?

Sodium

Sulphate

conen (g/l} Exhaustion (%)
0 38.8
24 397
4.8 42.7
6.0 438
7.2 44.4
8.4 45.0

10.8 43.6

14.4 39.7

a Sodium bicarbonate concentration 6 g/l

strength. In the range examined, it was found that the loss
of the tensile strength was lower than 12%.

Effect of reducing agent
Sodium hydrosulphite is usually the preferred reducing
agent in dyeing with vat dyes, while sodium sulphide is
employed in sulphur dyeing. If relatively strong reducing
agents e.g. thiourea dioxide or sodium hydrosulphite, are
used in dyeing with liquid sulphur dyes, over-reduction
could become a problem. Sodium sulphide in the dyebath
also increases alkalinity, causing damage to the silk fibre.
Therefore a milder reducing conditions have to be adopted.
Sodium thiosulphate was selected for this purpose; its
effect on exhaustion and fibre damage were determined
and the results obtained are shown in Figure 3. Exhaustion
depended to a large extent on thiosulphate concentration;
at higher concentrations there was a considerable increase
in exhaustion and decrease in tensile strength. Maximum
exhaustion was achieved at a concentration of 4 g/1.

Effect of temperature, time and electrolyte
Figures 4 and 5 show the effect of dyeing temperature and
time respectively on exhaustion and tensile strength of the
silk fabric. Within the range examined, raising dyeing
temperature and time was accompanied by a significant
increase in exhaustion at the start, which then decreased.
Furthermore, raising the dyeing temperature appeared to
result in rapid decomposition of the reducing agent, caus-
ing the sulphur dyes to come out of solution. Therefore
control of dyeing temperature in such a process is very
important practical consideration.

The presence of sodium sulphate in the dyebath was also
helpful for exhaustion (Table 2).

CONCLUSIONS

The present work demonstrated that exhaustion of
conventional liquid sulphur dyes on silk fabric is not good
enough for practical coloration processes. This is because
the dyebaths cannot be made sufficiently alkaline, the
dyeing temperature cannot be raised high enough and the
leuco sulphur dyes are not substantive enough for silk.

If products and processes could be developed that were
effective at lower temperatures and under weakly alkaline
conditions, then sulphur dyeing does offer some potential
advantages, e.g. good levelness, repeatability and fastness.
Any damage to the silk fabric would also be minimised.
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