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A novel chemical formulation for concurrent grafting and dyeing using a potassium permanganate/
citric acid system to induce polymerisation of acrylonitrile onto loomstate cotton fabric is described.
The critical properties of the fabric, such as graft yield, colour strength before and after soaping and
percentage loss in colour strength due to soaping were found to depend upon the concentrations of
potassium permanganate, citric acid and acrylonitrile, as well as pH of the treatment bath and the

duration of the treatment.

INTRODUCTION

Cellulose undergoes substantial changes in its chemical
and physical properties after being subjected to chemical
modification, and the behaviour of such fibres during
dyeing has been much studied during the past 60 years.
Previous reports have disclosed that the dyeability of
chemically modified cellulose differs significantly from its
unmodified counterpart [1-6]. Among the modified
celiuloses studied have been partially acetylated cellulose,
cyanoethylated cellulose, carboxymethylated cellulose,
cellulose thiocarbonate and cellulose copolymerised with
various vinyl monomers. Chemical modification of
cellulose via copolymerisation with various vinyl
monomers have also been studied and reviewed by
Hebeish and Guthrie [7].

Other recent studies have concentrated on developing
conditions for final graft copolymerisation onto cellulose
and modified cellulose in fabric form with very little or no
homopolymer formation [8-10]. The system used
loomstate cotton (starch-sized)} or viscose fabric, with
potassium permanganate in presence of different
activators for inducing graft polymerisation of methacrylic
acid on the fabric.

These investigations have been continued in the
present work, in which the technical feasibility of
concurrent grafting and dyeing of loomstate cotton fabric
was examined. Loomstate cotton fabric was polymerised
with acrylonitrile in the presence of either an acid or a
basic dye using a potassium permanganate/citric acid
initiation system. The one-step polymerisation/dyeing
process was carried out under different conditions
(initiator concentration, duration, temperature of
polymerisation, monomer concentration, pH, liquor ratio).
The treated cotton fabric was monitored for colour
strength, expressed in terms of K/S, and percentage graft
yield.

EXPERIMENTAL

Materials

Starch-sized, plain-weave cotton fabric (36 picks per cm, 56
ends per cm) was used as received from the mill
Acrylonitrile (AN) was used without further purification,
Nonionic wetting agent Nonidet LE was kindly supplied by
Shell Textile Chemicals, Cairo. Potassium permanganate,
phosphoric acid, citric acid and sodium hydroxide were
laboratory grade chemicals. The acid dye Lanacyin Brilliant
Blue FBL (S, CI Acid Blue 227) and the basic (cationic) dye
Sandocryl Blue BG34 A/B11 (S, CI Basic Blue 3) were used.

Potassium permanganate freatment

The loomstate cotton fabric was impregnated in an
aqueous solution containing specific concentrations of
potassium permanganate (up to 0.25 g/l) and 2 gA non-
ionic wetting agent. The treatment was carried out for 15
min at 30°C and a liquor ratio of 30:1 with continuous
shaking to avoid uneven manganese dioxide deposition
on the fabric surface. After this treatment the fabric was
thoroughly washed with water squeezed between two
papers before immersing in the polymerisation/dyeing
solution.

Simultaneous grafting and dyeing

Treated cotton was placed in a 100 ml stoppered conical
flask containing an aqueous solution of acrylonitrile
monomer, citric acid, dye and nonionic wetting agent. The
samples were treated at different pH values (pH 2-7)
using solutions containing acrylonitrile and wetting agent.
Either an acid dye (Lanacyin Brilliant Blue FBL) or a basic
dye (Sandocryl Blue BG) was added along with citric acid
of different concentrations (up to 0.25 g/l) at 80°C for 60
min. The pH of the reaction medium was adjusted using
either phosphoric acid or sodium hydroxide. A liquor ratio
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of 20:1 was used and the reaction was carried out with
continuous shaking. At the end of the reaction, the sample
was removed, thoroughly washed several times with cold
water and soaped for 5 min at 60°C, then rinsed and
finally dried under ambient conditions.

Soaping

The sample was immersed in a solution consisting of 2 g/l
detergent for 15 min at 70°C then washed thoroughly with
hot water (60°C), rinsed in cold water and finally dried
under ambient conditions.

Analysis
Percentage graft yield (Y;) was calculated as follows (Eqn
1):

W, -W,
Y, = 71 x 100 9]
where W; = dry weight of original sample
W, = dry weight of the grafted and dyed
sample.

Colour strength (expressed as K/5) was measured at 540
and 580 nm for acid and basic dyes respectively, using an
ICS-Texicon spectrophotometer.

RESULTS AND DISCUSSION

Possible grafting/dyeing mechanism

When loomstate cotton fabric was treated with potassium
permanganate, a substantial amount of manganese
dioxide was deposited on the fabric. In presence of citric

acid, it is believed that carboxyl radicals are formed as a
result of the action of citric acid on the deposited
manganese dioxide (Scheme 1) {7]. Hydroxyl radicals may
also be formed through reduction of Mn(wv) to either
Mn{m) or Mn(n) (Scheme 2) [11]. Once these free radical
species (R*) are created, they produce reactive sites located
along the cellulose backbone {cellulose macroradical) via
direct abstraction of a hydrogen atom from the cellulose
hydroxyl groups or the dye molecule (Scheme 3} [12].
Cellulose macroradicals or dye radicals may also be
formed by direct attack of Mn(1v) or Mn{m) icns on the
cellulose or dye molecule via abstraction of a hydrogen
atom (Scheme 4) [13].

In the presence of acrylonitrile monomer, the reactive
sites (formed according to Schemes 3 and 4) were added
to the double bond of acrylonitrile, resulting in a covalent
bond between the monomer and the cellulose,
accompanied by the creation of a free radical on the
monomet, i.e. chain initiation as shown in Scheme 5.
Subsequent addition of monomer molecules led to
propagation of grafting as suggested by Scheme 6.

During polymerisation the dye radical may combine
with the cellulose macroradical or growing grafted chain
radical, becoming chemically bound into the cellulose
backbone. It is also likely that the dye radical can initiate
homopolymerisation of acrylonitrile (Scheme 7) and
become an integral part of the homopolymer. Once the

cell—OH + Mn* ———= Mn3* 4+ H* + cell—O"

cell—OH + Mn3* — = Mn2+* + H* + cell—OQ"

—= D—X" + Mn3* 4+ H*

D—X—H + Mn%*

D—X—H + Mn®* ——= D—X" + Mn?* + H*

|I_| Scheme 4
H—C—COOH com H—<':'—COOH
M+ 4+ HO-?-—COOH —_— HO—«I:—COOH + MnZ+ 4+ 2H* H H
H—C—COOH H—C—COOH cell—O" + HC=C — cen—o—ch—clz'
H CN CN
Scheme 1 Scheme 5
H H
ce||—0—H2<:—-|c' + (chzcl:),, —
Mn3* + HpO — = Mn2+ + H* + HO' cI;N c[:N
Mn* + HoO —= Mn® + H* + HO H -
Scheme 2 ce||—~o—[ch—<I:];c>H2—(|:
CN CN
Scheme 6
cel—OH + R® — = cell—0Q" + R—H
i ) W
dye—XH + R' — = dye—X’ + R—H demX + HC=0 ——= dyemX—hCg
CN CN
Scheme 3 Scheme 7
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Table 1 Eftect of potassium permanganate concentration
on concurrent grafting and dyeing of cotton fabricab

Colour strength (K/S)°

ppd Graft Acid dye Basic dye

concn  yield

(g/) (%) A B Cc A B C

0 3 1.17 0.20 83.0 1.25 0.30 76.0

0.025 15 2.00 120 400 200 135 325
0.050 30 284 240 155 3.17 270 148
0.100 25 2,60 2.00 200 270 225 18.7
0.150 25 230 150 34.8 260 220 154
0.200 15 215 130 390 250 140 440
0.250 15 216 130 400 230 140 398.1

a Conditions of PP treatment: wetting agent concn 2 g#, liquor
ratio 20:1, time 15 min, temp. 30°C

b Polymerisation/dyeing conditions: amount of acrylonitrite 10%
ow.f., amount of dye 1% o.w.f, citric acid concn 0.05 g/,
wetting agent concn 2 g/, time 60 min, temp. B0°C, liquor ratio
20:1,pH 3

¢ A = colour strength before soaping, B = colour strength after
soaping, C = luss in colour strength due to soaping (%)

d PP = potassium permanganate

Table 2 Effect of citric acid concentration on concurrent
grafting and dyeing of cotton fabric2.?

Colour strength (K/S)¢

Acid d Basi
CA Graft cid dye asic dye
concn  yield
(oM (%) A B C A B Cc
0 2 075 0.15 800 068 0.15 78.0

0.025 15 055 1.20 53.0 245 1.35 450
0.050 30 2.85 240 155 317 270 148
0.100 60 5.90 500 150 6.40 550 14.0
0.150 40 3.66 3.00 180 485 350 18.0
0.200 35 313 250 200 385 3.00 22.0
0250 25 266 200 250 266 200 25.0

a Conditicns of PP treatment: PP concn 0.05 g/l, wetting agent
conen 2 g/, liquor ratio 20:1, time 15 min, temp. 30°C

b Polymerisation/dyeing conditions: amount of acrylonitrile 10%

o.w.f., amount of dye 1% o.w.f., wetting agent concn 2 g/l, time

60 min, temp. 80°C, liquor ratic 20:1, pH 3

See Table 1

d CA = citric acid

0

latter is intimately associated with the cellulose, it will
contribute to the colour strength of the fabric.

Concentration of redox initiator

Table 1 shows that the graft yield increased significantly
on increasing the potassium permanganate concentration
up to 0.05 g/l, and then decreased as the concentration of
potassium permanganate was further raised. The same
trend was observed for incorporation of citric acid,
reaching a maximum around 0.1 g/, as shown by the
results given in Table 2. This behaviour could be associated
with:

(a) Provision of certain amount of manganese dioxide
deposited on the cotton fabric, which produced
cellulose macroradicals capable of initiating grafting

(b) Generation of more and more primary free radical
species, as shown by Scheme 1.

On the other hand, the subsequent tailing-off of graft

yield could be interpreted in terms of:

(@) Lower rate of monomer diffusion from the aqueous
phase to the fibre phase in the presence of excess
manganese dioxide colloidal particles

(b) Higher production of initiating oxygen at higher
concentrations due to side reactions (Scheme 8)

(c) Faster rate of termination, particularly via bimolecular
collision between two chain radicals because of an
abundance of primary free radical species.

MO, + 2H* — = Mn2* + H,0 + (O)

Scheme 8

Tables 1 and 2 show the colour strength, expressed by K/S,
and percentage loss in colour strength after soaping
obtained with the acid and basic dyes. The trend for
colour strength to increase with increasing the oxidant/
activator concentration up to 0.05 g/1 potassium perman-
ganate or 0.1 g/l citric acid was very similar to that
observed with the graft yield results. There tended to be a
greater loss in colour strength with increasing initiator
concentration within the range studied. Nevertheless, the
values for percentage loss in colour strength of the grafted
samples were still much lower than those of ungrafted
samples.

pH of reaction medium

Table 3 shows the effect of pH values on graft yield, the
graft yield reaching a maximum at around pH 3. Colour
strength with both acid and basic dye decreased with
increasing pH. Loss in colour strength after soaping
tended to reach minimum value at pH 3, with the
maximum value at pH 5-7.

The dependence of the colour strength on pH was a
manifestation of the nature of both the dye and the
polymerisation system. The tendency of a dye to react
with a cellulosic substrate is much enhanced in an acid
medium.

Monomer concentration

Table 4 shows the effect of acrylonitrile concentration on
graft yield. The acrylonitrile concentration used ranged
from 5 to 100% based on the weight of sample. As the
concentration of acrylonitrile was increased, so did the
graft yield. This could have been associated with higher
availability of monomer molecules around the cellulose
macroradicals. Cellulose macroradicals are relatively
immobile, and for grafting to occur the monomer
molecules need to be in close proximity to them.
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Table 3 Effect of pH values on concurrent grafting
and dyeing of cotton fabricab

Colour strength (K/S)°

Acid dye Basic dye

Graft
yield
pH (%) A B C A B C

50 665 400 20 525 42 20
60 580 500 15 650 55 15
50 420 335 20 560 45 20
30 300 225 26 334 25 25
25 265 200 25 268 20 25

~NU e WN

a Conditions of PP treatment: PP concn 0.05 g/, wetting
agent concn 2 g/, liquor ratio 20:1, time 15 min, temp.
30°C

b Polymerisation/dyeing conditions: amount of acrylo-
nitrile 10% o.w.f., amount of dye 1% o.w.f., citric acid
concn 0.05 g/l, wetting agent concn 2 g/, time 60 min,
temp. 80°C, liquor ratio 20:1

¢ See Table 1

Table 4 Effect of monomer concentration on concurrent
grafting and dyeing of cotton fabric®?

Colour strength (K/8)¢

Amountd Graft Acid dye Basic dye
of AN yieid
(Feowf) (%) A B C A B Cc
0 0 0.70 0.10 857 075 0.10 86.6
5 2 0.75 0.15 800 082 0.18 78.0
10 5 1.34 040 700 150 0.45 70.0
20 12 3.6 095 700 350 1.05 70.0
40 30 436 240 450 435 270 38.0
60 40 375 3.00 200 438 350 20.0
ac 55 500 425 150 6.23 530 15.0
100 60 590 5.00 150 640 550 140

a Conditions of PP treatment: PP concn 0.05 g/l, wetting agent
conen 2 g/l, liquor ratio 20:1, time 15 min, temp. 30°C

b Polymerisation/dyeing conditions: amount of dye 1% o.w.f., citric

acid concn 0.05 g/l, wetting agent concn 2 g/, time 60 min, temp.

80°C, liquor ratio 20:1, pH 3

See Table 1

AN = acrylonitrile

[s o]

The results given in Table 4 also show that colour
strength increased with increasing acrylonitrile concen-
tration over the range studied. Colour strength before
soaping was higher than afterwards, but the difference
between colour strength before and after soaping was
lower at higher concentrations of acrylonitrile. The
percentage loss in colour strength decreased as graft yield
increased.

These observations are evidence that, in the absence of
the polymerisation reaction, dyeing proceeded via
hydrogen bonding between hydroxy groups and certain
groups in the dye, and/or van der Waals forces. Also,
during polymerisation, i.e. in the presence of manganese
dioxide and citric acid along with acrylonitrile, free
radicals would be formed on the monomer, the fibre and
the dye. Interaction between these free radicals could
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bring about dye fixation, which probably involved
chemical bond formation, as well as the usual physical
bonds. This is supported by the relatively high colour
strength after soaping, and the decreased percentage loss
in colour strength at higher acrylonitrile concentrations.

Duration and temperature of reaction

The rate of grafting was found to increases on raising the

polymerisation temperature over the range studied. This

could be interpreted in terms of the favourable influence

of temperature on:

(a) Decomposition of the redox system in question, giving
rise to more free radicals

(b) Swellability of cotton celluloses

() Mobility of the monomer molecules

(d) Diffusion of monomer from the aqueous to the fibre
phase

(e) Rate of initiation and propagation of the graft.

Table 7 shows also that at 50°C grafting proceeded initially
very quickly and then gradually levelled-off after 60 min.
This was not the case at 60°C and 80°C (Tables 5 and 6)

Table 5§ Effect of treatment time on the concurrent
grafting and dyeing of cotton fabric at 60°C2"

Colour strength (K/8)*
Aci .
Graft cid dye Basic dye
Time vyield
(min} (%) A B c A B C

15 3 1.2 024 80.0 0.70 0.15 785
30 10 20 0.80 &0.0 240 1.30 458
45 15 22 120 450 245 140 428
60 25 26 2.00 23.0 440 270 386
75 40 3.7 320 135 425 3.50 176
90 45 40 3.60 100 430 3.60 16.2

a Conditions of PP treatment: PP concn 0.05 g/, wetting agent
conen 2 g/l, liquor ratio 20:1, time 15 min, temp. 30°C

b Polymerisation/dyeing conditions: amount of acrylonitrile 10%
o.w.f., amount of dye 1% o.w.f., citric acid concn 0.05 gfl,
wetting agent concn 2 ¢/, temp. 80°C, liquor ratic 20:1, pH 3

¢ See Table 1

Table 6 Effect of treatment time on the concurrent
grafting and dyeing of cotton fabric at 80°C?

Colour strength (K/S)°
Aci .
Graft cid dye Basic dye
Time yield
(min) (%) A B C A B C

15 5 1.2 04 666 1.6 040 750
30 20 20 16 200 38 315 171
45 40 36 30 1866 43 3.60 163
60 60 59 50 150 64 550 140
75 65 6.0 52 133 6.5 565 130
90 65 60 55 830 65 565 130

a SeeTable5 b See Table 1




where the graft yield continued to increase with time up
to 90 min (60°C) or 75 min (80°C). Differences in depletion
of monomer, shortage in cellulose macroradicals, and
structural changes in the cellulose as the grafting reaction
proceeded could also account for this.

Tables 5-7 show the effect of reaction time at different
temperatures on the colour strength before and after
soaping. With both dyes the colour strength before and
after soaping increased with increasing temperature, with
the same trends being observed as for graft yield. The
percentage loss in colour strength after soaping decreased
with increasing temperature.

Table 7 Effect of treatment time on the concurrent
grafting and dyeing of cotton fabric at 90°C2

Colour strength (K/S)®

Graft Acid dye Basic dye
Time yield
{min} (%) A B C A B C

15 20 25 16 360 270 200 286.0
30 35 43 28 348 390 315 182
45 60 54 48 110 656 560 14.6
60 70 8.0 58 6.6 6.60 570 13.6
75 70 8.0 5.7 5.0 6.60 5.80 12.1
90 70 60 5.7 5.0 6.60 580 12.1

a SeeTable5s b See Table 1

CONCLUSION

The presence of either of the dyes used in this work in a
polymerisation system containing cotton fabric, acrylo-
nitrile, potassium permanganate/citric acid and water
seems to provide an effective means for concurrent
grafting and dyeing. Formulations consisting of 0.05 g/l
potassium permanganate, 0.1 g/ citric acid, 50% acrylo-
nitrile, 1% dye and 2 g/l wetting agent is considered
appropriate for concurrent grafting and dyeing, provided
that treatment is carried out for 60 min at 90°C and pH 3.
The graft yield and colour strength exhibit similar
trends when their dependence on factors affecting the
grafting/dyeing operation were considered. Meanwhile

fabric samples concurrently grafted and dyed displayed
much greater colour strength than samples that were
merely dyed. Losses in colour strength after washing of
the grafted/dyed samples were also much lower than with
the dyed samples.

Dyeing seems to occur during the polymerisation
process and to proceed according to a free radical
mechanism. Chemical bonds can be formed by coupling
of dye free radical with a cellulose macroradical, as well as
via coupling of the growing polyacrylonitrile chain with
the cellulose macroradical. In combination with this are
the homopolyacrylonitrile-containing dye molecules that
are so intimately associated with the cotton that they
cannot be removed during washing.

A different situation is encountered when the cotton
fabric is subjected to dyeing under conventional con-
ditions. The dye molecules here are essentially held in the
cotton structure by only physical forces (hydrogen
bonding and van der Waals forces).

The work reported provides an effective means to
achieve good dye fixation along with increased fabric
weight.
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