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The behaviour of heterobifunctional reactive dyes, containing a monochlorotriazine and a vinyl
sulphone group, on silk has been investigated. Maximum exhaustion and fixation were obtained in a
neutral medium at 90°C. The addition of sodium sulphate was found to promote the exhaustion of
reactive dyes at pH values above the isoelectric point of silk. A reduction in the solubility of dyed silk
indicated that crosslinks were formed with bifunctional reactive dyes.

INTRODUCTION

Dyes with o-bromoacrylamido groups and fluorochloro-
pyrimidine groups have been recommended for silk as
they show good fixation and wet fastness properties {1,2].
Studies indicate that these dyes behave as bifunctional
molecules because of their ability to react independently
with two separate nucleophiles in the fibre [3,4]. However,
with two reactive sites in close proximity there is a
possibility of steric hindrance. As a result, the reaction of
both the sites is unlikely to be complete. On the other
hand, dyes with two separate reactive groups tend to
exhibit higher fixation yields [2].

Commercial dyes with two reactive groups have been
known for a long time, e.g. Remazol Black B (HOE, two
sulphatoethylsulphone groups), some Lanasol dyes (CGY,
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two o-bromoacrylamide groups) and Procion Supra dyes
(Zeneca, two monochlorotriazine groups).

The first range of heterobifunctional reactive dyes was
introduced by Sumitomo in 1980 [5]. These are the Sumifix
Supra dyes which contain a monochlorotriazine (MCT)
and a vinyl sulphone (VS} group. The vinyl sulphone
group is present in the ester form and is linked to the
chromophore through a monochlorotriazine group. These
dyes are increasingly being used on cellulosics. They have
been found to give higher degrees of fixation and better
dye-fibre bond stabilities on cotton than equivalent azo
dyes with either an MCT or a VS reactive group only [6].
Other advantages claimed for MCT/VS types include high
exhaustion, good levelness, high fastness and good wash-
off properties [7,8].




Dohmyo et al. have studied the exhaustion and fixation
of heterobifunctional reactive dyes on silk [9). The
exhaustion and fixation values of MCT/VS reactive dyes as
reported in this study were very low, in contradiction to
the beneficial properties noted in other studies. No other
work with these dyes on silk has been reported.

The work presented here is an investigation of the
behaviour of MCT/VS heterobifunctional reactive dyes on
silk. The optimum conditions of applying these dyes have
been established in terms of pH, electrolyte concentration,
temperature and time. The effect of electrolyte concen-
tration on exhaustion and fixation under acidic, neutral
and alkaline conditions has been studied.

Bifunctional reactive dyes are likely to combine with
more than one functional group in the fibre. Such
reactions can lead to either covalent bond formation with
the dye sites in the same polymer chain or to crosslinking
between two adjacent chains. Indeed, Sheth has verified
that the MCT/VS reactive dyes on cellulosics form
crosslinks in the fibre [10].

Xia investigated the formation of crosslinks in silk when
it was dyed with difluorochloropyrimidine dyes [3]. The
formation of crosslinks was indicated by the reduction in
the solubility of the dyed silk in 49% lithium thiocyanate
solution. Ball and co-workers have also studied cross-
linking with bifunctional reactive dyes on wool and silk by
solubility tests [11]. Crosslinking has also been investig-
ated in the present study.

EXPERIMENTAL

Materials
Degummed and bleached plain woven mulberry silk
fabric weighing 40 g/m? was used. It was pretreated in a
solution of 2 g/l nonionic surfactant (Sandopan DTC (S))
for 1 h at 50°C, at a liquor ratio of 30:1. The fabric was then
washed thoroughly in cold water and dried at room
temperature. The yarn used was also mulberry silk. Hanks
of raw silk were degummed using 25% o.w.f. Marseilles
soap for 1.5 h at the boil at a liquor ratio of 30:1.

Sumifix Supra Brilliant Red 2BF (CI Reactive Red 194)
was used for the study. The structure of the dye is given in
Figure 1. Dyeings were carried out using the commercial
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Figure 1 Structure of Sumifix Supra Brilliant Red 2BF (Cl Reactive
Red 194, rm.m. 895)

dye. For calibration purposes, the dye was purified twice
by dissolving in DMF and precipitating in acetone. Other
dyes used for the study are listed in Tables 2 and 5.
Reactofix dyes were obtained from Jaysynth, India.

The chemicals used in the study were: sodium sul-
phate, sodium carbonate, acetic acid, orthophosphoric
acid, sulphuric acid, dimethylformamide, acetone, di-
sodium hydrogen phosphate, sodium dihydrogen
orthophosphate, urea, calcium chloride and ethyl alcohol.
All the chemicals were of laboratory-reagent grade.

Dyeing

All fabric dyeings were carried out in Pretema Multicolor
laboratory dyeing machine. A 4% shade of Sumifix Supra
Brilliant Red 2BF was applied on the fabric unless
mentioned otherwise. The liquor ratio was maintained at
S0:1. Dyeings were carried out according to the following
procedures.

Method 1

Dyeing was carried out in an alkaline medium by a one-
stage method. Fabric was entered into the machine and
dyeing was begun at 30°C. After 10 min the necessary
amounts of sodium sulphate and sodium carbonate were
added (Table 1), and the dyebath was heated to 90°C over
30 min. Dyeing was continued for 90 min at 90°C (total
dyeing time 130 min).

Method 2

Dyeing was carried out in an alkaline medium using a
one-bath/two- stage method. Dyeing was begun at 30°C
and after 10 min the dyebath was heated to 90°C over 30
min. During this period the required amount of sodium
sulphate was added in two portions at an interval of 15
min. Dyeing was continued for 15 min at 90°C and then
sodium carbonate was added in two portions at an
interval of 15 min (Table 1). The temperature was
maintained for another 60 min (total dyeing time 130 min).

Method 3

Dyeing was carried out in a neutral medium according to
the dyeing cycle shown in Figure 2. Sodium sulphate (60
g/l) was added in four equal portions (total dyeing time
was 130 min).

Table 1 Effect of alkali addition on dyeing of silk with
Sumifix Supra Brilliant Red 2BF2

Sodium Alkali
sulphate  concn Exhaustion Fixation
Method concn (g/) (g/) (%) (%)
1 (one stage) 40 2 53.2 88.1
1 (one stage) 60 2 68.1 92.0
2 (two stage) 40 2 80.2 g2.5
2 (two stage) 60 2 87.8 92.1
3 {neutral} 60 90.3 97.0

a Dyeing carried out for 130 min at 90°C
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Figure 2 Dyeing cycle for neutral dyeing

Method 4
To study the effect of electrolyte, degummed silk yarn was
dyed with Sumifix Supra Brilliant Red 2BF in a beaker
dyeing machine under the following conditions: silk yarn
0.5 g, dye concentration 0.5-6.0% o.w.f., sodium sulphate
10-110 g/, time 130 min, temperature 20°C, liquor ratio
50:1

Dyeings were carried out at:
(a) pH 3.5 obtained with addition of acetic acid
(b) pH 10.5 obtained with addition of sodium carbonate
{¢) pH?7.0 using distilled water only.

On completion of the dyeings, all the samples were rinsed
thoroughly in cold water and dried at room temperature.

Exhaustion

Percentage exhaustion of the dye on the fibre was
calculated by measuring the absorbance of the dyebath
initially and then after dyeing, using a Perkin Elmer
Lambda 3B UV-VIS spectrophotometer.

Fixation

Unfixed dye from the dyed samples was extracted in 50%
urea solution using the method described elsewhere [2].
Percentage dye fixation was calculated by measuring the
absorbance of solutions of dyed silk before and after the
extraction of the unfixed dye. Dyed silk samples (20 mg)
were dissolved in 10 ml orthophosphoric acid for every
measurement.

Realisation
Percentage realisation was calculated using Eqn 1:

R=ExFx 1 )
100
where R = realisation, %
E = exhaustion, %
F = dyefixation, %.
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Solubility

A mixture of calcium chloride, water and ethanol (molar
ratio 1:8:2) was used to test solubility, as suggested
elsewhere [12]. Silk samples (25 mg) were dissolved in 5 ml
solvent for 20 min at 70°C. The solution was filtered and
residual silk was thoroughly rinsed with 0.05 m sulphuric
acid solution and then with distilled water. Percentage
weight loss was determined and expressed as a measure
of solubility.

RESULTS AND DISCUSSION

Effect of pH and electrolyte concentration

Initially the effect of alkali addition on the dyeing of silk
with MCT/VS reactive dyes was studied. Dyeings were
carried out by a single-stage method in which alkali was
added at the beginning along with electrolyte, and by a
two-stage method in which the dye was first exhausted
under neutral conditions and alkali was then added.
Exhaustion and fixation values obtained in all cases are
given in Table 1. Exhaustion in single-stage dyeing was
very low, but there was an improvement in dye uptake
when dyeing was carried out in two stages. Maximum
dye uptake was achieved in a neutral medium. Fixation of
dye on the fibre was also best under neutral conditions.

With cellulosic fibres, dyeing with reactive dyes is
typically carried out in two stages: primary exhaustion
when dye is taken up as a direct dye in the presence of
electrolyte (neutral conditions) and secondary exhaustion
accompanied by fixation in the presence of alkali. With
protein fibres, however, fixation takes place in the neutral
medium itself. Studies conducted on silk with different
types of reactive dyes report that the addition of sodium
sulphate in the dyebath improves dye exhaustion and
fixation [13-16].

In our experiments with heterobifunctional reactive
dyes on silk, maximum exhaustion and fixation were
observed at a neutral pH. It was therefore decided to
compare the effect of electrolyte concentration on the
behaviour of these dyes under acidic, neutral and alkaline
conditions. Figure 3 shows the relationship between the
degree of exhaustion and electrolyte concentration at
different dye concentrations and pH levels.

The amount of electrolyte present in the dyebath under
neutral conditions had a pronounced effect on the degree
of exhaustion (Figure 3a). Exhaustion increased steadily
with the increase in electrolyte concentration. For
example, the addition of only 10 g/l salt brought about a
marked increase in exhaustion. For pale shades (0.5-1.0%
dye) maximum exhaustion was achieved at around 40 g/l
electrolyte, whereas for deep shades (5.0-6.0% dye) the
optimum electrolyte concentration was around 80-90 g/1.
In general, in this work maximum exhaustion was
achieved in a neuiral medium.

Under alkaline conditions (Figure 3b), dye uptake in the
absence of electrolyte was very low. Uptake increased
considerably with the addition of sodium sulphate.



Exhaustion increased with increasing electrolyte
concentration at all the depths, although the rate of
increase reduced above about 40 g/1.

Under acidic conditions (Figure 3c), the exhaustion for
pale shades without any electrolyte was as high as 80%.
With the addition of electrolyte, the dye uptake increased,
although the increase was not so marked.

Electrolyte can affect dye uptake by two mechanisms.
Firstly it may suppress the dissociation of the dye
molecules in the dyebath due to a common-ion effect.
Undissociated dye molecules are sorbed by the fibre like
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Figure 3 Relationship between electrolyte concentration and
exhaustion of Sumifix Supra Brilliant Red 2BF on silk in (a) neutrai
medium, (b) alkaline medium, (c) acidic medium

nonionic dyes because of the hydrophobic interactions
between the dye and the fibre. Secondly electrolyte may
reduce the negative charge of the fibre, making it easier for
the dye anions to approach within the zone of influence of
the retaining forces.

Since silk acquires a negative charge on the surface
because of the electrokinetic potential difference between
the fibre and water, the net charge on the fibre is negative
in a neutral medium. Therefore addition of electrolyte
would be required to neutralise the electric charge on the
fibre.

Under alkaline conditions silk is negatively charged.
The electrolyte acts by neutralising the electric charge on
the fibre, thus favouring the absorption of dye anions that
would otherwise be repelled because of the same charge
on the fibre. Since there are a very large number of
carboxylate ions on the fibre, large amounts of electrolyte
are required to neutralise the charge, much more than are
required in a neutral medium.

In an acidic medium, the reactive dyes are exhausted
like acid dyes on protein fibres. Soedium sulphate is
reported to have a retarding effect when dyeing at low pH
values. However, in the present case, the trends obtained
were opposite to those expected, i.e. the addition of
electrolyte with Sumifix Supra dyes in the acidic medium
increased dye uptake. To investigate this phenomenon
further, dyeings were also carried out with acid and
monofunctional reactive dyes. As can be seen in Table 2,
with these dyes too there was a slight increase in dye
uptake on the addition of electrolyte.

This behaviour was explained in the following way. The
isoelectric point of silk occurs at around pH 3.5. The initial
dyebath pH was adjusted to 3.5, but the pH subsequently
rose to around 4.5 on addition of the fibre. Since this pH
was higher than the isoelectric point, the net charge on silk
was likely to be negative. The pK value of the acidic
groups in silk has been reported to be 1.8 [17]. This means
that at pH values above 1.8 many negatively charged
carboxylate ions would be present. Hence sodium
sulphate would certainly aid exhaustion if the pH of the
bath were above the isoeleciric point. In order to confirm
this, dyeing was carried out at pH values below the
isoelectric point using Sumifix Supra dye (pH 1.2, obtained

Table 2 Effect of electrolyte concentration on exhaustion of acid
and reactive dyes in an acidic medium®

Exhaustion {%) at different
sodium sulphate concns

Dye pH 0g/l 2091 110 g/
Naphthalene Scarlet 4RS 35 223 267 415
Naphthalene Red JS 35 966 989 98.9
Procion Orange H2R 35 343 431 65.3
Remazol Red Violet B 35 385 419 54.8
Sumifix Supra Brilliant Red 2BF 1.2 945 810 76.1

a Dyeing carried out for 130 min at 90°C
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by using conc. sulphuric acid). With the addition of
sodium sulphate dye uptake decreased (Table 2). This
means that the role of electrolyte in the case of acid and
reactive dyes depended not only on the dyebath pH but
also on the isoelectric point of the protein fibre being dyed.
Above the isoelectric point electrolyte will aid the
exhaustion of the dye on the fibre. On the other hand, at
pH values below the isoelectric point dye uptake would be
suppressed, and electrolyte may act as a levelling agent.

It may be noticed from Table 3 that the electrolyte
concentration did not have any significant effect on
fixation. However, the percentage realisation increased
markedly, irrespective of dyebath pH. The degree of
fixation was highest when dyeing was carried out in the
neutral medium, ranging between 90 and 100%. Fixation
in the acidic medium was the lowest, ranging between 60
and 75%.

Table 3 Fixation and realisation of Sumifix Supra Brilliant Red 2BF
on silk

Dye Salt

concn concn  Acidic Neutral Alkaline

(% owt) (gl F (%) R (%) F (%) R (%) F (%) R (%)

4.0 0 63.8 288 940 404 804 9.3
4.0 60 689 503 930 914 841 586
40 110 679 567 976 976 838 69.1
5.0 0 692 271 926 282 928 124
5.0 60 69.0 486 960 895 894 603
5.0 110 717 576 978 954 873 696

Previous studies carried out with MCT and VS dyes
also showed that the best fixation on silk was achieved
under neutral conditions [18,19]. At pH 10 and 90°C, MCT
dyes have been reported to give poor build-up on silk due
to the hydrolysis of dye-fibre bonds during dyeing [20].
Despite the presence of additional nucleophiles in the
form of ionised hydroxyl groups in silk, the fixation of the
reactive dye in the alkaline medium was lower than that
in the neutral medium. This could be because of
hydrolysis of the dye in the dyebath which tends to occur
in the presence of hydroxylate nucleophiles.

Reactive dyes have been found to react with the amino
groups of glycine, alanine, serine, histidine and lysine in
silk [21,22]. The reaction with amino groups is reported to
take place with the unprotonated base [23,24]. Low
fixation yields in the acidic medium could be because of
the presence of protonated amino groups that cannot
react with the dye. Also, the rate of conversion of the ester
form of dye to the active VS form is very low under acidic
conditions [25]. Both these factors could be instrumental
in the low fixation yields observed in the acidic medium.

Conventionally, it would have been assumed that
exhaustion should have been highest under acidic
conditions because of the strong electrostatic forces of
attraction between the dye and the fibre. Although this

14 JSDC Vorume 112 January 1996

was observed in dyeings where no electrolyte was added,
the trend changed on adding only 10 g/l electrolyte.
Thereafter the dye uptake was always higher under
neutral conditions. This indicates that the exhaustion of
reactive dyes on silk is related to the reaction of the dye
with the fibre, and is not merely a function of the number
of protonated groups present in the fibre.

Effect of dyeing temperature and time

Since maximum exhaustion and fixation were achieved in
the neutral medium, the effect of dyeing temperature was
studied under these conditions. The dyeing cycle shown
in Figure 2 was followed for these experiments. The
exhaustion and fixation values of all the dyeings are
compiled in Table 4. It may be noticed here that the degree
of fixation increased considerably with increase in dyeing
temperature. This clearly shows the importance of kinetic
factors in enhancing reactivity, and consequently the
percentage realisation. However, the effect of temperature
on exhaustion under the range studied was less
pronounced. Increasing the electrolyte concentration from
40 to 60 g/l increased the exhaustion at all the tempera-
tures studied. Fixation, on the other hand, was not
affected by electrolyte concentration. Maximum
exhaustion and fixation were achieved at 90°C using 60 g/l
electrolyte. Therefore the next set of experiments were
performed under these conditions.

Figure 4 depicts the exhaustion and fixation of Sumifix
Supra Brilliant Red 2BF with time, the dyeings being
cartied out according to the dyeing profile shown in
Figure 2. The temperature of the dyebath was around
60°C after 25 min and reached 90°C after 40 min.

In their study of sulphatoethylsulphone dyes on silk,
Dohmyo ef al. found that during the dyeing process the
ester form of the dye is converted to the vinyl sulphone
form, which then reacts with silk by nucleophilic addition
[25]. Shimizu found that the ester form of the dye is stable
in neutral solution at 60°C [26]. At 80°C, however, a lot of
the dye is converted to the vinyl sulphone form. Dohmyo
has also reported that the exhaustion of VS dyes on silk is
primarily a function of their reaction with the fibre [13].

Table 4 Effect of temperature on dyeing of sitk with Sumifix
Supra Brilliant Red 2BF in neutral medium?

- Exhaustionffixation/realisation (%)
at different temperatures

Sodium

sulphate

concn (g/l) 70°C 80°C 90°C

40 Exhaustion 81.7 88.6 86.9
Fixation 83.6 90.1 97.3
Realisation 68.3 79.8 84.6

60 Exhaustion 89.7 90.0 92.9
Fixation 89.5 93.0 98.0
Realisation 80.3 84.5 91.0

a Dyeing time 130 min
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Figure 4 Kinetics of dyeing silk with Sumifix Supra Brilliant Red 2BF
in neutral medium

Although MCT/VS heterobifunctional dyes contain two
reactive groups, the vinyl sulphone group is the preferred
route for fixation [5,7,10,27]. The vinyl sulphone group is
actually present in the ester form, which has to be
converted to the active vinyl sulphone form that can then
react with the fibre. Poor exhaustion and fixation values
obtained during the initial stage of dyeing could be
because of a very slow rate of conversion of the ester form
to the vinyl sulphone form.

Interestingly, in the case of reactive dyes the degree of
fixation seems to influence the absorption of the dye.
During dyeing an equilibrium is established between the
dye in fibre and the dye in solution. This equilibrium is
disturbed when dye reacts with the fibre leading to
further dye sorption. However, if the rate of fixation is low,
the rate of sorption would also be lowered, resulting in
poor exhaustion of the dye on the fibre.

Another interesting feature is that fixation tends to level
off after around 100 min (Figure 4). In other words, the
amount of unfixed dye on the fibre more or less remains
constant after a certain time. It suggests that an
equilibrium is probably being attained between the
reacted and the unreacted dye present in the fibre. On the
other hand, exhaustion keeps on increasing with dyeing
time, though the rate of sorption slows down after about
60 min. The effect of all this is that the percentage
realisation, i.e. the amount of dye actually fixed on the
fibre, continues to increase with time. In general, a dyeing
time of 130 min was found to be sufficient for satisfactory
dyeing, as there was no significant increase in dye uptake
after longer periods.

Using the above-mentioned conditions, a variety of
MCT/VS heterobifunctional dyes (Sumifix Supra and
Reactofix) were applied to silk. Fairly high degrees of
exhaustion and fixation were achieved in all the cases
(Table 5).

Formation of crosslinks
The formation of crosslinks in silk by Sumifix Supra
Brilliant Red 2BF was elucidated by carrying out a

Table 5 Exhaustion and fixation of other bifunctional reactive

dyes on silk?
Exhaustion Fixation

Dye (%) (%)
Reaclofix Yellow ME3GL 77.4 811
Reactofix Red ME3GL 833 93.6
Sumifix Supra Yellow 3RF 912 94.5
Sumifix Supra Scarlet 2GF 96.7 88.2
Sumifix Supra Navy Blue BF 725 911
Sumifix Supra Navy Blue 2GF 82.0 88.2

a 4% shade, dyeing time 130 min, temperature 90°C

Table & Solubility of silk dyed in acidic, neutral
and alkaline media

Dye on fibre
{mequiv. per
Medium 100g silk) Solubility (%)
Acidic 1.91 51.0
Neutral 1.92 32.0
Aikaline 1.90 78.0

Table 7 Effect of percentage shade on solubility of silk
dyed in neutral medium

Dye Dye on fibre

conen (mequiv. per

(% o.w.f.) 100g sitk) Solubility (%)

1 0.64 61.3

2 1.34 50.8

3 1.90 33.3

4 223 227

5 2.77 16.0

6 3.07 13.3

Blank dyed Dissolved completsly

solubility test. The solubility of silk dyed in alkaline, acidic
and neutral media is shown in Table 6. This result may be
attributed to the degree of crosslinking and relative
degradation of the fibre. Since silk dyed in a neutral
medium showed the least degree of solubility, it was
decided to study the effect of dye concentration on the
degree of solubility under these conditions. The solubility
of fibres dyed at 1-6% shades was determined, and the
results are given in Table 7. Whereas blank-dyed silk
dissolved completely under the test conditions, the
solubility of the dyed silk decreased as the percentage
shade increased. This indicates that the bifunctional dyes
may have formed crosslinks in the fibre. While the wash
fastness of reactive dyes is known to be very high, this
type of reaction may improve it even further.
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CONCLUSION

Heterobifunctional reactive dyes containing monochloro-
triazine and vinyl sulphone groups give very high degrees
of exhaustion and fixation on silk, especially in a neutral
medium. The addition of sodium sulphate promotes
exhaustion of reactive dyes on silk even under acidic
conditions. However, the effect is more pronounced under
neutral and alkaline conditions. Electrolyte concentration
does not have any significant effect on the degree of
fixation.

The isoelectric pH of the fibre determines whether the
electrolyte will act as an exhausting agent or as a levelling
agent. The reactivity of the dye increases to a great extent
with an increase in the dyeing temperature.

Exhaustion of reactive dyes on silk is related to the
degree of reaction of the dye with the fibre. There is a
possibility of the formation of crosslinks in silk by
bifunctional dyes, which is indicated by the reduced
solubility of the dyed silk.

We acknowledge the grant received from Central Silk
Board, Ministry of Textiles, Government of India to
support this study.
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