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considerable promise for use in practical dyeing.

A low-temperature dyeing system for silk fabrics based on a sodium acetate/acetic buffer system has been
investigated. Some factors affecting dyeing have been examined; the buffer system has shown

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 reai silk fabrics with the aid of a sod-
ium acetate/acetic acid buffer system. It is the first part of a
wider study of the low-temperature dyeing of real silk fabrics.

EXPERIMENTAL

Materials

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

Acetic acid, sodium acetate, sodium sulphate, ammoni-
um sulphate and sodium chloride were laboratory-grade
chemicals; Detergent 209, Detergent JU Peregol O and
soap were used as surfactants,

The commercial dyestuffs Acid Violet 4BNS (S, Cl Acid
Violet 17), Xylene Fast Red 2B (S, CI Acid Red 336), Polar
Brilliant Red 10B (CGY, CI Acid Viclet 54), Xylene Brilliant
Blue 5GM (S, Cl Acid Blue 142}, Xylene Brilliant Green
3GM (S) were used without further purification.

Dyeing

Samples of real silk fabric (2 g) were introduced into a
dyebath at 40°C, raised to 70°C over 30 min and dyed at this
temperature for 60 min with continuous stirring, at a liquor
ratio of 30:1. Afterwards the samples were washed three
times in 50-100 m] water, soaped in 150 ml soap liquor
containing soap (3 g/1), sodium carbonate (2 g/l) for 5-10
min at 95-98°C. Finally the samples were rinsed and dried.

Test methods
The percentage exhaustion of the dye on the fibre and the
percentage fixation were determined [1]. Washing and

rubbing fastness tests were respectively performed accord-
ing to GB 414-78 and GB 415-78[2].

RESULTS AND DISUCSSION

Effect of sodium acetate/acetic acid buffer

Raising the dyeing temperature brought about significant
improvement in the swelling of the silk fibre, as well as in the
absorption and diffusion of the dyes. The dyeing tempera-
ture could be thereby be lowered when such a buffer solution
was present, producing an effect equivalent to dyeing at
higher temperatures. It is clear that decreasing interaction
forces between the fibre molecules was accompanied by a
significant improvement of movement and swelling in the
molecular structure of the fibre. Raising the concentration of
acetic acid was accompanied by a slight improvement of the
swelling of the fibre. The amount of swelling that took place
in the acetic acid solution at 70°C was greater than that in
water at 90°C.
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Clearly, increasing the concentration of acetic acid alone
was accompanied by an increase of hydrogen ions in
solution and a reduction in the electronegativity of the fibre
surface. Absorption of the dyes by the fibres thus increased
rapidly, bringing about problems in level dyeing performance.
In order to improve results in this respect the pH of the liquor
needed to be lowered, and this was achieved by incorporating
sodium acetate to give an sodium acetate/acetic acid buffer.
The concentration of the hydrogen ions in the dyebath was
significantly reduced, when sodium acetate was added into
0.1 mol/l acetic acid solution. A noticeable improvement in
level dyeing performance resulted.

Therefore in low-temperature dyeing with a sodium
acetate/acetic acid buffer system, acetic acid can enhance
the dyeing rate and the swelling of the silk fibre. On the other
hand, sodium acetate improves levelness of shade. The
performance of the sodium acetate/acetic acid buffer used
in the present work is compared to some other systems in
Table 1.

TABLE 1

Change in pH values in different systems

Concn  pH before  pH after

System {a/h heating®  heating®  ApH
Water 6.85 8.85 2
Sodium chloride 1 7.0 9.1 2.1
Sodium sulphate 1 6.95 9.0 2.05
Detergent 209 1 7.12 9.1 1.98
Ammonium suiphate 1 6.95 7.1 0.15
Sodium acetate/
acetic acid 0.3/0.3 50 507 0.07
(a) 30°C

{b) 90°C x 60 min

Effect of different concentrations of sodium
acetate and acetic acid

Table 2 shows the effect of different concentrations of
sodium acetate and acetic acid in low-temperature dyeing. It
can be seen that, within the range examined, increasing the
amount of acetic acid to 0.56 ml was accompanied by a
significant imprevement in the exhaustion and fixation. This
could be interpreted in terms of the increased swelling and
the lower electronegativity of fibre molecules in the sodium
acetate/acetic acid buffer systemns, as well as higher buffering
action of the system. Further increase in the amount of
acetic acid to 5.6 ml had no significant effect cn exhaustion.
The buffering action was strengest when sodium acetate/
acetic acid was mixed in equimolar proportions. This sug-
gests that raising the proportion of acetic acid further could
bring about an enhancement in the absorption on the fibre
surface, as well as reducing the buifering action of the
system.

Effect of dyeing temperature

Figure 1 shows the effect of dyeing temperature on exhaustion
and fixation. Raising the dyeing temperature from 45 to
60°C was accompanied by a significant enhancement in
exhaustion and fixation. Further increases in temperature
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TABLE 2

Effect of different concentrations of sodium acetate
and acetic acid on exhaustion and fixation in low-
temperature dyeing

Sodium acetate: Sodium  Acetic acid Exhaustion Fixation

acetic acid  acetate {g) (36%} (ml} (%) {90)
10:1 0.023 0.56 98.18 9148
5:1 0.046 0.56 96.88 8998
1:1 0.23 0.56 97.13 9125
1:5 1.15 0.56 98.83 86.83
1:10 2.3 0.56 - 96.28 87.64
1:10 0.23 0.056 79.89 74.45
15 0.23 0.112 89.73 9493
1:1 0.23 0.56 96.73 9043
5:1 0.23 2.8 98.76  90.86
10:1 0.23 56 98.94 92 .64

Dyeing: fabric (2g), sodium chloride 2 g/l, Xylene Fast Red 2B
2% o.w.f., Peregol O 0.3 g/l, liquor 30:1, 70°C x 60 min
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Figure 1 — Effect of dyeing temperature on exhaustion and
fixation

up to 85°C had no significant effect. This suggests that
raising the dyeing temperature up to 60°C in the buffer
system opened up the substrate structure, enhancing its
accessibility to dye molecules and bringing about a signifi-
cant improvement in the exhaustion and fixation.

Figure 2 shows the effect of dyeing temperature on
exhaustion in the absence and in the presence of the sodium
acetate/acetic acid buffer system. Fixation was also found to
be higher; in addition lower dyeing temperatures and dye
concentrations could be used when the buffer system is
present.

Rate of dyeing

Figure 3 shows the effect of duration of dyeing on the
fixation of CI Acid Red 336 in the presence and the absence
of sodium acetate/acetic acid (0.1 mol/0.1 mol) on silk
fabrics. Initially dyeing proceeded rapidly, then almost lev-
elled off. It was found that, for a given set of dyeing
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Figure 2 — Effect of dyeing temperature on exhaustion in the
absence and in the presence of the buffer system
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Figure 3 - Rate of dyeing with various buffer systems

conditions, the sodium acetate/acetic acid buffer solution
had overall the most beneficial effect on rate of dyeing.
These results indicate that, while acetic acid alone caused the
fibres to swell to the greatest extent, the sodium acetate/
acetic acid buffer system system enabled this advantageous
effect to be coupled with improved diffusion and penetration
of the dye molecules into the fibres.

Effect of concentration and nature of dyes

Figure 4 shows the effect of dye concentration on exhaus-
tion and fixation in low-temperature dyeing with the sodium
acetate/acetic acid buffer system. Exhaustion and fixation
tended to be at a maximum at dye concentrations up to 2%
o.w.f., and then to decrease very rapidly at greater levels, the
decrease in fixation being greater than that in exhaustion.
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Figure 4 —Effect of concentration of dves (for key see Figure 1)

TABLE 3

Effect of dye nature on fixation, washing fastness and
rubbing fastness

Wash fastness Rub
at 90°C fastness
Fixation
Acid dye (96) S C Dry Wet
Cl Acid Red 336 89.24 4 3-4 5 4
Cl Acid Violet 54 86.34 4 4 5 4-5
Cl Acid Blue 142 86.34 4 4 5 4
Cl Acid Violet 17  85.75 2-3 3-4 5 3-4
Xylene Brilliant
Green 3GM 90.22 3 4 5 4

S - change in shade
C - staining on white cotton

This behaviour was observed regardless of the substrate
used. Nevertheless, this shows that increasing the concen-
tration of dye in the bath did bring about a similar increase
on the fibre surface.

The influence of the buffer system in the low-temperature
dyeing of silk fabrics with the different acid dyes when used
independently is shown in Table 3. It is evident that, for a
given set of dyeing conditions, the fixation and fastness
properties of the dyeings produced varied from dye to dye.
The fastness properties of the dyeings in the presence of the
buffer system was the same as those of achieved by boil
dyeing, in accordance with the results discussed above and
irrespective of the dye used.
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