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Most dyeing processes need a large amount of salt for dye exhaustion from the dye-bath onto fabric, which ultimately
results in the discharge of a large amount of saline effluent, producing threats to the aquatic environment. This research
investigates the cationization of cotton fabric, which avoids the consumption of salt during dyeing. Pretreatment of
fabric was carried out using a commercially available cationic agent named 3-chloro-2-hydroxypropyl trimethyl
ammonium chloride (CHPTAC). Then, pretreated fabric was subjected to dyeing using solubilized Sulphur Black dye.
The pretreated fabric presented increased color strength values and colorfastness properties.
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INTRODUCTION

Cotton is a natural cellulosic fiber that is the
backbone of the world’s textile trade.' Cotton
possesses some good properties, such as
hydrophilicity, biodegradability and no static
charge. After scouring and bleaching, cotton is
almost 100% cellulose.”

Dyeing is a process of coloration of textile
goods to make them more attractive. Direct,
reactive, sulphur and vat dyes are usually used for
dyeing cellulosic substrates.”® The polymer chain
of cotton consists of many hundreds to thousands
of B (1-4) D-glucose units, which are linked to
each other, and upon immersion into water, a
negative charge is created on cotton surface.” The
dyes used for cotton coloration also have negative
charge, that is why a dye molecule moves away
from cotton fibers because of electrostatic
repulsion between two negatively charged
species.*” To overcome this problem, in the
textile industry, a large amount of salt is required
to achieve high exhaustion of the dye from the
dye-bath to cotton fibers.?

On an industrial level, when, during the dyeing

process, salt is mixed with dyes and other
auxiliaries, it becomes very dangerous, because
the loaded effluent causes environmental
pollution. An excess of salt in water is very
dangerous for drinking, agriculture and for marine
life. Water containing a TDS (total dissolved
solids) level of over 500 mg/L is unsuitable for
irrigation and has an unpleasant taste. For dyeing
cotton, its chemical modification can be done
without the consumption of salt, modifying the
hydroxyl groups present on the cotton polymeric
structure.'” The approach of cotton yarn
cationization was used on a commercial level by
Japanese companies, such as Kurabo Industries,
Toyobo. The fabrics made from these cationized
dyed yarns exhibit different colors and cross-dye
effect.'”'? Ali er al. cationized cotton using a
cationic polymer under alkaline conditions by the
exhaust method to enhance the dyeability for
natural dyes, which enhanced the dye uptake and
fastness properties of the treated textiles."

Lewis used 2,4-dichloro-6-(2-
pyridinoethylamino)-s-triazine  (DCPEAT) to
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modify cotton under alkaline conditions, to
improve dye substantivity without salt. The
modified cotton became more reactive, compared
to the original cotton.'* Bhuiyan et al. also
worked on the modification of cotton for reactive
dyeing using chitosan and their research led to the
conclusion that the dye uptake was improved and
no fastness deterioration had occurred in the dyed
fabric treated with chitosan.’

Wang et al. worked on the modification of
cotton for reactive dyeing using 1-chloro-2-
hydroxy-3-trimethylammoniumpropane chloride.
This modification resulted in improved dyeability
of the cotton fabric, along with wash and light
fastness.'” S. Draper et al. worked on the
cationization of cotton using the CHPTAC
cationic agent. Their research showed that dyeing
using modified cotton results in increased K/S and
reduced dyeing cycle time using direct dyes. It
was also established that if an excess amount of
CHPTAC was applied, it might cause yellowing
of cotton fabric."

Lewis et al. modified cotton by using N-
methylolacrylamide (NMA), which was further
aminated using ammonia containing various
amines, e.g. methylamine and ethanolamine. After
this treatment, cotton fabric was dyed with a
reactive dye in a slightly acidic bath without an
electrolyte. It was concluded that dye buildup and
fixation were improved by introducing primary
and secondary amino groups. The presence of
tertiary amino groups caused high improvement
in exhaustion, but under mild acidic conditions,
fixation was badly affected.'®

Sulphur dyes are one of the most popular class
of dyes used for coloration of cellulosic fibers in
deep black shades."”'® Sulphur dyes are called
like this because they contain a di-sulphide
linkage in their chemical structure. Sulphur dyes
are complex organic compounds synthesized by
heating simple amines or phenolic compounds in
the presence of sulphur. As sulphur dyes are water
insoluble, they need to be solubilized before
application on cotton using sodium sulphide.

NaOH
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Sulphur dyes are also used because of their low
price and excellent color fastness properties,
except against chlorine.'*? Worldwide
consumption of sulphur dyes for dyeing cellulose
fibers is of 7%.”” On cellulosic fibers, sulphur
dyes provide inexpensive medium to heavy shade
depths, moderate to good light fastness and good
wet fastness.'®*® This research work is focused on
cationization of cotton fabric with cationic agent
CHPTAC, in different concentrations, for
optimization of sulphur dyeing without salt to
obtain different shades.

EXPERIMENTAL
Materials

The pretreated and mercerized cotton fabric
(ends/inch 120, picks/inch 121, warp 35s, weft 40s and
GSM 130) used in this study was available from the
lab the authors are affiliated to. The cationic agent, 3-
chloro-2-hydroxypropyl trimethyl ammonium chloride
(CHPTAC 60 wt% in water), was purchased from
Aldrich. The leuco form of sulphur black dye, Diresul
Black RDT D liquid, provided by Archroma, Pakistan,
was used in this research.

Cationization

Cationization of cotton fabric was carried out using
four different concentrations of CHPTAC, as
mentioned in Table 1, by keeping constant the liquor
ratio of 1:10. Distilled water was taken in a beaker and
CHPTAC was slowly added to it under continuous
stirring on a magnetic stirrer, followed by the addition
of 50% NaOH, as mentioned in Table 1, to maintain
the pH around 13.5. Cotton fabric was immersed in the
solution for 15 min at room temperature, followed by
squeezing using a padder at 100% pickup. Then, the
samples were batched in an air-tight polyethylene bag
for 24 h. The batched fabric was then washed five
times with water and dried in an oven.

Mechanism of cationization

As shown in Figure 1, in the first stage, CHPTAC
converts to its epoxide form, due to the presence of
chlorine in its molecule, which is highly
electronegative. This epoxide species is a good
nucleophile, which will be covalently bonded with the
cellulosate anion, as shown in Figure 2.
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Figure 1: Conversion of CHPTAC to its epoxide form
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Figure 2: Reaction of cellulose with CHPTAC (epoxide form)
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Figure 3: Cationic cellulose after the reaction with CHPTAC
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Figure 4: Conventional dyeing profile

After the reaction of CHPTAC with cellulose, the
cellulosic substrate is cationized due to the presence of
quaternary amines in the CHPTAC molecule. The
schematic of the reaction is shown in Figure 3. There is
also an amount of active CHPTAC, which might be
hydrolyzed.

Conventional dyeing

Conventional dyeing was carried out with four
different shade percentages, of 1, 2, 4 and 6 o.w.f. (on
weight of fabric), as mentioned below in design of
experiments (DOE). The dyeing solution was made
using 1 g/L of wetting agent, 1 g/LL of sequestering
agent, 5-10 g/L sodium sulfide, 1-4 g/L caustic soda
(as a function of shade depth), 20 g/L of Glauber’s salt
(for all the shades) and solubilized sulphur dye. Figure
4 shows the dyeing procedure for conventional dyeing;
the dyeing process was carried out in a high

Figure 5: Modified dyeing profile after cationization

temperature pot dyeing machine at a liquor ratio of
1:20. Salt was added in two portions, at point B and C,
to achieve level exhaustion. The dye bath pH was
maintained at 11, and dyeing was carried out for 45
min at 90 °C. The dyed fabric was oxidized at stage D,
using potassium dichromate (2% o.w.f) with 2-3 drops
of acetic acid at 70 °C for 20 min. The fabric was
washed with tap water and then hot washing was
performed, using 1 g/L detergent at 60-70 °C. Finally,
the samples were dried in an oven.

Dyeing of cationized cotton

Cationized cotton was dyed using a wetting agent,
a sequestering agent, sodium sulfide, caustic soda and
solubilized sulphur dye of four different shade
percentages of 1, 2, 4 and 6 o.w.f., as used in the case
of conventional dyeing. The amount of all dyeing
auxiliaries was used exactly as mentioned above with
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regard to conventional dyeing. No salt was added
during dyeing of cationized cotton. The dyeing was
carried out in a high temperature pot dyeing machine at
a liquor ratio of 1:20. The modified dyeing procedure
is described in Figure 5. The dye bath pH was
maintained at 11 and dyeing was carried out for 45 min
at 90 °C. The dyed fabric was oxidized using
potassium dichromate (2% o.w.f) at stage B, with 2-3
drops of acetic acid at 70 °C for 20 min. Then, the
fabric was washed with tap water and subsequently hot
washing was done using 1 g/L detergent at 60 °C.

Table 1

Finally, the samples were dried in an oven.

Design of experiment

Table 1 indicates the design of experiments (DOE),
for a total number of experiments of 20. The first 4
cotton fabric samples were dyed using salt (the
conventional method) and the rest, representing
CHPTAC cationized cotton fabric, were dyed by the
modified procedure with different dye concentrations
to achieve various shade depth.

Design of experiments

NaOH
(50%)

Shade depth
(%)

Run CHPTAC
order (g/L)
1 0
2 0
3 0
4 0
5 10
6 10
7 10
8 10
9 20
10 20
11 20
12 20
13 40
14 40
15 40
16 40
17 60
18 60
19 60
20 60

0 1
0
0
0
10
10
10
10
20
20
20
20
40
40
40
40
60
60
60
60
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RESULTS AND DISCUSSION
Washing fastness

Figure 6 shows the washing fastness of
conventionally dyed uncationized fabric and that
of cationized fabric, while the washing fastness of
the control fabric was 4, according to the grey
scale. ISO 105 CO06 testing standard was followed
to determine the washing fastness. The dyed
fabric, cationized with 60 g/I. of CHPTAC,
showed very good washing fastness, rating 4.5 to
5 for all the shade percentages. The fabric
cationized with 40 g/L. of cationic agent also
showed a good rating, as compared to the
uncationized fabric. This can be explained by the
fact that the dye is anionic in nature and gets
attached to positively charged fabric via the
electrostatic force of attraction and hence is
difficult to remove. The washing fastness to
staining was also checked using a multifiber strip
and no staining was observed on the multifiber
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strip. Hence, the washing fastness to color change
and staining of the cationized fabric was better
than that of the uncationized fabric.

Light fastness

The light fastness of all the samples was
assessed according to ISO 105 B02 standard and
the results are shown in Figure 7. A little change
in the light fastness of cationized and
uncationized fabric was observed. From Figure 7,
it is obvious that light fastness was improved as
the concentration of cationizing agent was
increased from 0 to 60 g/L. The reason for the
increase in light fastness with increasing
cationization can be assumed to lie in the fact that
the positive charge on cotton increases with the
increase in CHPTAC application. The amount of
dyestuff per wunit area of fabric increases
quantitatively due to the chemical potential
difference. Therefore, the number of faded dye



molecules remains the same, irrespective of the
shade depth, as the light falls on a constant
surface area. Hence, the light fastness of fabric
cationized with a higher number of molecules

(because of higher surface cationization)
increases.
Rubbing fastness

Figure 8 shows the results for dry rubbing
fastness of dyed cationized and uncationized
samples, which were assessed according to
ISO105 X12 standard. It was observed that the
cationized samples exhibited high rating of dry
rubbing fastness, as compared to the uncationized
fabric. As the concentration of the cationic agent
increased, the rubbing fastness also increased. It
can be attributed to the fact that cationization
creates more reactive sites on cotton fiber and
hence promotes the bonding of dyes. The more
strongly the dye is bonded, the higher the rubbing
fastness, as well as the washing fastness. Figure 9
illustrates the wet rubbing fastness of the dyed
cationized samples. As commonly known, the dry
rubbing fastness is better than the wet rubbing
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Figure 6: Washing fastness rating of dyed cationized
and uncationized cotton samples
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Figure 8: Dry rubbing fastness of dyed cationized
and uncationized cotton samples
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fastness in the case of both cationized and
uncationized fabrics. The best rating with regard
to dry rubbing fastness is 5, according to the grey
scale, and for wet rubbing fastness, the best rating
is 4. It was also observed that the dry and wet
rubbing decreased with the increase in shade
depth, which is quite understandable. As the
amount of dye molecules (with increased color
depth) increases, there is a higher chance for the
dye molecules to rub off from the surface of the
fabric, despite their attachment to the fabric.
Figures 8 and 9 illustrate this phenomenon, as the
shade depth increases.

Color strength (K/S values)

Figure 10 presents the color strength (shade
depth) of all the dyed cationized and uncationized
samples. It was observed that shade depth
increases as the concentration of the cationic
agent rises. This may be explained by the fact that
a more cationic nature of fabric will help the
exhaustion of anionic dye molecules towards it,
which contributes to higher K/S values of the
fabric, enhancing its color strength.
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Figure 7: Light fastness rating of dyed cationized and

uncationized cotton samples
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Figure 9: Wet rubbing fastness of dyed cationized and

uncationized cotton samples
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Figure 10: Color strength measurements of dyed
uncationized and cationized samples

A further explanation of the increase in color
strength is illustrated in Figure 11. The cationized
fibers bearing positive charges due to quaternary
amines will have higher affinity for the reduced
sulphur dye molecules and will have enhanced
buildup. The K/S values for the dyed cationized
cotton are higher, compared to those of the
conventionally dyed fabric, in the case of a higher
amount of CHPTAC. However, with a lower
amount of CHPTAC, the K/S values are lower
than those for the untreated cotton, as salt was
added in the conventional dyeing procedure,
which led to higher dye uptake.

CONCLUSION

Using salt in the textile dyeing process has a
huge impact on the environment. The research
work reported here concludes that by cationizing
cotton fabric using the CHPTAC cationizing
agent prior to dyeing can eliminate the
consumption of salt for the exhaustion of anionic
dye molecules. Cationic agents have the ability to
develop a positive charge on cotton fabric and
hence anionic dye molecules develop an affinity
towards fabric. Besides the elimination of salts in
dyeing, this process also provides dyed fabric
with enhanced fastness properties, including
washing, light and rubbing fastness. Furthermore,
the dyed cationized samples exhibit better color
strength values (K/S), as compared to the
uncationized one.
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