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Project Title Modification of Cellulose in Preparation Process to Improve its
Dyeability
Name of Investigator Asst. Prof. Dr. Kawee Srikulkit
Year September 2001
Abstract

The reactive dyeability modifying agent of cotton fabric, 3-amino-2-

hydroxypropyltrimethyammonium-(3,5)-dichlorotriazine, was prepared.
Spectroscopic technique ('H NMR) was employed to characterize the chemical
structure of the modifying agent. After that, the modifying agent was applied onto
scoured cotton during bleaching process, aiming at modifying dyeability of the fiber
using single-bath. Modified cotton fabric was analyzed for nitrogen content by an
elemental analyzer and subjected to whiteness evaluation. The results showed that
nitrogen content in modified cotton increased as the amount of the modifying agent
concentrations increased whereas whiteness index slightly decreased. Based on the
finding results, it was possible that the dyeability modification and bleaching could be
carried out in single bath process with slight decrease in the performance of hydrogen
peroxide.

The dye uptake and color strength of dyed modified fabric was markedly
increase with an increase in the concentration of the modifying agent. In addition,
those properties obtained from modified cotton were higher than those obtained from
the dyeing of unmodified cotton. This was attributed to the presence of cationic
groups of the modifying agent that played a crucial role in attracting the anionic dyes
from the dyebath. The finding results tended to suggest that the dyeing properties of
modified cotton were exactly dependent on the efficiency of the modifying agent
fixation on cellulose during concurrent modifying and bleaching of cotton.
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Cyanuric chloride Fluka
3-chloro-2-hydroxypropyltrimethylammoniumchloride Fluka
Glycidyltrimethylammonium chloride Fluka
Ammonium hydroxide solution 25% Merck

Hydrogen peroxide Carlo Erba
Procion Crimson CX-B BASF

Modercion Yellow HE4R (CI. 84) Modemn Dyestuffs and Pigments Co,.
Ltd

3.2 ginsalinnzviuaznamey
- Ahiba Polymat (laboratory dyeing machine)
- UV/VIS spectrophometer (Jenway 6405)
- Reflectance spectrophotometer (Mecbetc 7000)
- Elemental analyzer (Perkin Elmer PE2400 series II)
- Light fastness tester (Xenon Weather meter, Model X75 (Suga Test Instruments Co.,
LTD)
- NMR spectrometer (Jeol INM-A500)

3.3 SuneumsFuanzvimsdaulsiai 1
-3 2-chloroethylamine hydrochloride 23.5 n3u( 0.20Tua)uazR3AY 55 daaans (0.68Tua)ldasly
¥ 3 Ao Yhinas 250 fadans @uihaslyl 40 Taddns n1uEIY magnetic stierer widuIHANY
Youdrwdniviand dunm 3 $alae Wil ssmeeieendauntes rotary evaporator
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Process of Dyeability Modification and Bleaching of Cotton in Single-Bath

Kawee Srikulkit and Patcharee Larpsuriyakul

Department of Materials Science, Faculty of Science, Chulalongkorn University,
Bangkok, Thailand

Abstract

Graft polymerisation of the cationic monomer,
Methacryloylaminopropyltrimethylammonium chloride (MAPTAC), onto scoured
cellulose was carried out in bleaching process, aiming at modifying dyeability of the
fibre using single-bath. An elemental analyser was employed to measure the extent of
MAPTAC fixation on cellulose. Bleaching performance of H>O, in the presence of
the modifying agent was slightly reduced. The dyeing of modified bleached cotton
fabric with a commercial reactive dye in the absence of salt was investigated. The
dye uptake and colour strength of dyed modified fabric was markedly increased with
an increase in the concentration of MAPTAC. This was attributed to the presence of
the cationic groups of the MAPTAC which played a crucial role in attracting the
anionic dyes from the dyebath. The finding results tended to suggest that the dyeing
properties of modified fabric were closely dependent on the efficiency of MAPTAC
fixation on cellose during concurrent modifying and bleaching of cotton.
Keywords : Cotton Fabric, Dyeability Modification, Bleaching and Single-Bath

Introduction -

Wastewater discharged from dyeing cellulose fibres usually contains high
concentrations of hydrolysed dyes and salts, causing considerable ecological damage
if discharging without proper treatment.

Since the environmental issue has been increasingly linked to international
trade, producers are inevitably forced to search for environmentally friendly
processes. To improve an efficiency of dye uptake of cellulose fibres one may
consider into three main areas; upgrading the dyeing machinery, selecting the
dyestuffs having distinct properties such as high degree of fixation and low amount of
salt consumption, and finally modifying the cellulose fibres. Focusing on the later, the
modification of cellulose to improve dyeability is another interesting approach in
order to dye modified fibres without requirement of salts. There are several possible
modifying agents that could produce cellulose fibres of significantly enhanced
dyeability[1-9]. The general characteristic of those compounds is that they contain the
quaternary ammonium group which plays an important role in promoting dye
absorption. The fixation of these compounds to cellulose usually can be achieved by
either alkali assisted covalent bonding in the case of low molecular weight modifying
agents or in-situ polymerization as in the case of cationic reactive polymers. Even
though the dye uptake by the modified fibres is greatly enhanced in the absence of
dyeing auxiliaries, this process is still proven to be unpopular due to an additional
production process leading to high energy and water consumption. In addition, in
some cases the dyeing properties of modified fabric particularly the fastness to light is
reduced[7].

Hence, the authors were interested in proposing the dyeability modification of
cellulose in bleaching process. It was aimed at investigating the co-application of a
dyeability modifying agent and bleaching agent (hydrogen peroxide) onto scoured
cotton fabric during bleaching process. The research activities were focused on



bleaching performance of hydrogen peroxide and the optimum fixation of the
modifying agent onto cellulose in a single-bath process. The modification of
dyeability during the preparation process could offer a promise in the viewpoint of
practical chemists due to no requirement of additional process, more energy as well as
water consumption. More over the dyeing of modified cotton fabric in the absence of
salt is environmentally sound.
Experimental
Materials

Scoured, plain woven fabric kindly donated by Aswin Dyeing & Finishing
Co.; Ltd. was used throughout this work. 50 wt%  3-
Methacryloylaminopropyltriammonium chloride (MAPTAC) purchased from Aldrich
was analytical grade. Potassium persulfate and H;0,(30% w/w) were obtained from
Fluka. Procion Crimson CX-B, a commercial reactive dye, was kindly supported by
BASF. '

Method of the modification and bleaching of cotton fabric in single-bath process

Firstly, scoured cotton fabric (5 g) was treated in solutions of different
concentrations of MAPTAC ranging from 0-50 g/l in the presence of K»S,05 (4wt%
based on MAPTAC) as an redox initiator. The treatment was carried out at
temperature of 75 °C, at the liquor ratio of 1:20, for 45 min. Then 5 g/l H0,, 2 g/1
NaOH and 1 g/l sodium silicate was added to dye pot, and the temperature was raised
to 95 °C. The temperature was maintained for 30 min before the dye pot being taken
out. The modified bleached cotton fabric was rinsed in hot water and dried in open
air. .

Total nitrogen content determination and whiteness evaluation of modified
bleached cotton fabric

The total nitrogen content of treated fabric was measured according to the
rapid combustion method by an elemental analyser (Perkin Elmer PE 2400 Series II).
Whiteness index of bleached cotton fabric was instrumentally determined using L.C.S
Mecbeth reflectance spectrophotometer (Color-Eye 7000). The equation for
whiteness index calculation is as follows: )

Wl = Y-800(x~x) — 1700(yn — ¥)

Where Y is the tristimulus value for the sample, x and y are chromaticity
coordinates for the sample and x, and y, are chromaticity coordinates for the
illuminant/observer combination.

Dyeing of modified cotton fabrics

: Modified cotton fabrics were dyed in solutions of various concentrations of
Procion crimson CX-B and 10 g/l Na,COs. (This dye type is designed for continuous
dbeing and normally exhibited low substantivity towards cotton. It was intended to
use this type of dye in this work to evaluate the effect of the modifying agent on the
dyeability of the modified fibre.) All dyeings were carried out at the liquor ratio of
1:20 in sealed stainless dye pots housed on the Ahiba Polymat laboratory dyeing
machine. Temperature and time of dyeing were 80 °C and 45 min, respectively.
Percent dye exhaustion was measured. After complete dyeing, dye fabric was taken
out and rinsed thoroughly in tab water. The rinsed fabric was divided equally into two
pieces. One piece was dried freely in open air and another piece was subjected to
soaping-off in boiled solution containing 5 g/l nonionic surfactant for 15 min at the
liquor ratio of 1: 50. The soaped-off dyed fabric was then rinsed in tab water and
dried freely in open air.



Exhaustion and Colour measurement

The absorbance of diluted dye solution was measured at the wavelength of
maximum absorption using a UV/Vis spectrophotometer (Jenway). The percentage of
dye exhaustion was calculated using Eqn 1:

%E = 100(1-A,/Ao) (1)

where Ap and A; were the absorbance of the dye solution at the beginning and at the
end of dyeing process, respectively.

Colour measurement of dyed fabrics before and after soaping were measured using
I.C.S. Mecbeth spectrophotomether (Macbeth 7000). The measurement parameters
were as follows: 10°observer : D65 illuminant : specular reflectance included and UV
reflectance included. Colour strength expressed by K/S value was instrumentally
determined. The K/S value was proportional to the dye concentration on the fibre.
The degree of apparent and total dye fixation could be calculated from Eqn 2 and Eqn
3, respectively:

Degree of apparent dye fixation (%F) = KJ/S after soaping x100 (2)
K/S before soaping
Degree of total dye fixation (%7T) = KJ/S after soaping x100 3)

K/S before soaping

Evaluation of Colour Fastness to Light

Fastness to light of dyed modified cotton fabrics was conducted using Xenon
Weather Meter (Suga Test Instrument Co., Ltd , model X75) and following ISO
testing method. Blue wool fabrics were used as the standard of numerical ratings and
were assigned to describe the colour fastness of the fabrics.

Results and Discussion
Effect of the modifying agent on whiteness property

To measure the effect of the modifying agent on bleaching performance
modified bleached fabric obtained from single-bath treatment was subjected to
whiteness index measurement. The results are presented in Fig. 1. As can be seen,
conventional bleached fabric exhibited the highest value of whiteness index. The
whiteness index of conventional bleached fabric is found to be 67.74%. In the
presence of modifying agent, the white appearance of bleached fabrics tended to
gradually decrease with an increase in concentration of MAPTAC. It was because
residual solution of modifying agent which exhibited pale yellowish color of poly
(MAPTAC) also consumed H;O, during consequent bleaching, reducing the
bleaching .effect on whiteness. However, at the highest concentration of MAPTAC
applied (50 g/l), a slight decrease in whiteness index is observed, suggesting that the
addition of modifying agent to bleaching process did not greatly affect the
performance of bleaching agent.

Total nitrogen content of MAPTAC cotton was measured in order to evaluate
the extent of MAPTAC fixation and the results are shown in Table 1. The total
_ nitrogen content of MAPTAC cotton before adding H,O,/NaOH is shown in column 2
while the total nitrogen content of MAPTAC cotton further treated with H,O,/NaOH



is given in column 3. It can be seen that there was insignificant difference among total
nitrogen content values when increasing MAPTAC concentration. The build-up of
positive charges on fibre surface was likely to be the main influence causing no
further adsorption of the modifying agent. It was thought that once NaOH being
added, absorption of cationic MAPTAC should increase further due to the generation
of cellulosate ions. The total nitrogen content of H,0,/NaOH treated fabric increases
with an increase in the concentration of MAPTAC. Compared to the corresponding
value obtained before H,O,/NaOH addition, however, the latter value was found to be
lower. It was probable that some of absorbed MAPTAC was subjected to alkaline
hydrolysis during bleaching, leading to the reduction in the total nitrogen content. In
addition, the bleaching condition was also powerful enough to remove unfixed
homopolymer and unreacted MAPTAC. Hence, the presence of total nitrogen content
indicated that the quaternary ammonium groups were incorporated. The increase in
total nitrogen content implies the presence of higher amount of anionic dye sites,
which should mean higher capability of dye uptake. The previous reports suggested
that cationic monomers which contain a carbon-carbon double bond could be grafted
onto cellulose using redox initiators. Therefore it was assumed that the fixation of
MAPTAC, a double bond containing cationic monomer, was also achieved via graft
polymerisation using K,S;0;3 as a redox initiator [10-12]. The function of K>S:0s
was to oxidise cellulose hydroxyl groups, thus producing cellulose hydroxyl free
radicals, and then initiating graft polymerisation. In order to obtain the uniform
modification, it was important to produce the even distribution of cellulose hydroxyl
radicals which were dependent on the concentration of an redox initiator and
treatment temperature. In this experiment, the optimum conditions of grafting were
4wt% of K>S:05 (based on the MAPTAC concentration) and temperature of 75 C. In
addition, even distribution of branches of graft copolymer inside the yarn was partly
attributed-to the cationic characteristic as well as the low molecular weight of the
MAPTAC monomer which allowed it to readily penetrate into the inner of the yarn
before graft copolymerisation took place. The graft polymerisation reaction of
MAPTAC onto cellulose may be represented as shown in following scheme.

Scheme of Graft Polymerisation of MAPTAC onto Cellulose.
From these results, it may be said that bleaching performance obtained from this
system such as whiteness, absorbency and removal of mote could meet the bleaching
standard required. In addition, cationic groups were also concurrently incorporated
into cellulose backbone during bleaching process.

Effect of increasing concentration of modifying agent on dye uptake and colour
strength

The dyeing of modified cotton fabric with a commercial reactive dye in the
absence of salt was investigated. Cotton fabrics modified with various concentrations



of MAPTAC were dyed with 2% owf Procion Crimson CX-B at 80 °C for 45 min in
the presence of 10 g/l Na,COs. The percentage of dye exhaustion and colour yield
values of resulting dyed fabrics are shown in Table 2. The results obtained from the
control cotton fabric (conventional bleach) demonstrates that the percent dye
exhaustion and color strength were quite low due to the repulsive interaction between
anionic dye and negatively charged fibre surface. Hence, in order to achieve high
dyeability without requirement of salt, it is essential to modify cotton fabric by
incorporating cationic sites into cellulose backbone. After being modified, the dye
exhaustion and colour strength of dyed modified fabric show marked increase with an
increase in the concentration of MAPTAC. The enhanced dyeability properties of
modified cotton fabrics was attributed to the presence of cationic groups which have a
large electrostatic affinity with anionic dyes. As a result, the degree of dye exhaustion
as well as colour strength was closely dependent on the extent of MAPTAC fixation.
As can be seen, an increase in MAPTAC concentration from 30 g/l to 50 g/l brings
about little change in the extent of MAPTAC fixation (see Table 1), resulting in slight
change in colour yield. Probably, the build-up of cationic charges acted as a charge
barrier to prevent further absorption of MAPTAC inside the fibre. In following
experiments up to 40 g/l MAPTAC was employed since, in practice, higher
concentration is not preferable due to the cost of modifying agent itself and possible
yellowing of bleached fabrics. Interestingly, the apparent dye fixation (%F) which
represented the degree of dye immobilisation of absorbed dyes increases with an
increase in the MAPTAC concentration. This indicates that the cationic cotton was
attractive 1o anionic dyes, hence bringing about the clossness of dye molecules to dye
sites. As a'result, the dye-fibre fixation capability could significantly enhanced when
compared with unmodified cotton. This system probably offers advantages over the
conventional process in terms of reduction in energy and times of washing-off.

Effect of increasing dye concentration on dye uptake and colour strength

Cotton fabrics modified with various concentrations of MAPTAC in bleaching
process were dyed with 1, 2, 3, and 4 % owf Procion Crimson CX-B at 80 C for 45
min in the presence of 10 g/l Na,;COs. The colour yield and dye exhaustion values of
resulting dyed fabrics are shown in Table 3. As the results suggested, at each dye
concentration applied, the percent dye exhaustion and colour yield values increase
with an increase in MAPTAC concentration. Also, the results show that little
difference among colour yields before and after washing-off, especially at high
concentration of MAPTAC was obtained, indicating high degree of fixation of
absorbed dye. The reason why the dye readily absorbed into the modified cotton
without requirement of salts is due to the attractive interaction between the anionic
group of the reactive dye and the cationic quaternary ammonium group of the
MAPTAC. The evidence obtained from dyeing of modified fabric at various dye
concentrations indicates that trends of percent dye exhaustion is gradually reduced as
the concentration of dye increases. The successive decrease in the percent dye
exhaustion with an increase in the dye concentration in the dye bath was caused by
the diminishing power of attraction force. This seems to imply that the ionic
interaction dominated the degree of dye exhaustion. This phenomenon may be
considered as the disadvantage of the dyeing of cationic cotton since the deep-depth
dyeing could be achieved by the requirement of high concentration of the modifying
agent. To reduce the usage of the modifying agent it is possible by choosing the
suitable application method such as low liquor ratio dyeing technique.



It is interesting in investigating the absorption behaviour of cationic cotton dyeing.
The actual amount (Dy) of absorbed dye is calculated from the percent dye exhaustion
data. The isotherm curves (Dsvs the dyebath concentration (Ds)) are plotted as shown
in Figure 2. From the figure, it is found that the extent of dyeing of the modified
fabric does not give the optimum value of the absorbed dye at the certain dye
concentration applied. This reflects that the dye absorption into the cationic cotton
does not follow Langmuir adsorption isotherm which typically is governed by ionic-
ionic interaction as usually found in the dyeing of nylon with acid dyes or the dyeing
of cationic dyes[14]. The finding results tend to suggest that apart from the major
ionic interaction there are additional forces including Van der Waals’ forces and
hydrogen bonding which influences the extent of dye exhaustion. Hence, dyeing of
the cationic cotton with anionic dyes may still face the reproducibility problems due
to a variation of change in dyebath concentration.

Microscopic Analysis of Cross-Section of Dyed Yarn

Microscopic analysis of the cross-section of MAPTAC treated yarns dyed with
2% owf. Procion Crimson CX-B is shown in Fig 3. The distribution of dye on treated
yarn indirectly indicated the distribution of modifying agent across the treated yarn.
Even distribution of modifying agent across the treated yam is desirable in order to
obtain good dyeing properties including even dyeing and light fastness.

From the figure, individual fibres on the yarn surface and in the inner of yarn
exhibited even distribution of dyes, indicating the good migration property of
modifying agent which was attributed to its low molecular weight.

Furthermore, since this compound carries a cationic group, the substantivity
towards cotton fibre should be high enough to force the modifying agent to diffuse
into the inner of the fibre. Consequently, graft polymerisation of MAPTAC onto
cellulose using K,S,0s initiator produced high molecular weight polymer which could
be covalently fixed evenly across cotton yarn. This is the distinct advantage of low
Mw compound over high Mw agent which posseses high substantivity towards cotton
but poor migration. As a result, such compound tends to stay on yarn surface, leading
to ring dyeing and poor light fastness.

Evaluation of Colour Fastness to light.

Microscopic analysis of cross-section of dyed yarn revealed that dyes could be
evenly absorbed into the inner of the yarn, indicating the leveling penetration of graft
copolymer as well as insignificane of surface dyeing. Eventhough the minimum
surface dyeing obtained Table 4 shows that light fastness rating of dyed fabrics
decreases with an increase in the amount of the modifying agent present in the fibre.
The reduction in light fastness property of dyed modified fabric is observed in the
similar manner with previous reports [7,13]. At present, it is reasonable to say that
the presence of cationic groups in the modified cotton decreases the light fastness
property. However, it is not yet clear how their presence affects the light fastness
since there are several factors involving the photofadding mechanism of the colorants.
Apart from surface dyeing resulting in direct exposure to light, it is probable that the
cationic group may act as a photocatalyst. Other possible reasons may be due to the
lack of deactivating groups such as nitro group on the dye chromophore combined
with the prevention of dye aggregation by the presence of cationic groups, leading to
the accelation of chromophore decomposition under exposure to light.

Conclusions -

The study showed that dyeability modification and bleaching of cotton fabric

in single-bath could be practically achieved. The cationic-based monomer was used



as a source of the modifying agent which was fixed onto cellulose backbone through
graft polymerisation. Bleaching performance of H;0O, in the presence of the modifier
was comparable to conventional method, albeit slightly lower whiteness index. The
dye uptake and colour strength of dyes modified fabric were markedly increased with
an increase in the concentration of MAPTAC. It was thought that the cationic groups
of the MAPTAC played an important role in attracting the anioinc dyes from the
dyebath. The results showed that the dye uptake of cationic cotton fabric in the
absence of salt was closely dependent on the extent of fixed MAPTAC, not the
concentration of dye applied like conventional dyeing.

In order to meet commercial interest, it is important to achieve the high degree
of fixation of the modifying agent at the minimum concentration applied. As a result,
the high degree of dye exhaustion as well as high colour depth could be obtained at
relatively lower dye concentration than traditional dyeing. The particular advantages
of this process were that the dyeability modification could be concurrently performed
in bleaching process, hence attracting interests in terms of energy and water saving as
well as solving problems arising from salt added dyeing process.
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Figure 1. Whiteness Index of Modified Bleached Cotton Fabric.

Table 1 Total Nitrogen Content of MAPTAC Cotton Before and After H,O,/NaOH
Addition

MAPTAC Concentration Total Nitrogen Content
e
Before Adding After Adding
H,0,/NaOH H,0,/NaOH
10 0.200 0.064
20 0.207 0.127
30 0.197 0.177
40 0.205 0.195

50 0.218 0.217
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Table 2 Effect of Increasing MAPTAC Concentration on Percent Dye Exhaustion,

Colour Yield and Percent Dye Fixation

MAPTAC Conc. %E K/S %F %T
@)
Before Soaping After Soaping

Control 32.56 3.26 2.32 64.08 20.86

10 38.24 4.34 291 67.05 25.65

20 49.79 8.39 7.05 84.02 41.83

30 5231 9.14 8.01 87.63 45.84

40 60.08 10.32 9.47 91.76 55.13

50 78.36 11.41 10.72 93.95 73.62

Table 3 Effect of Increasing Dye Concentration on Percent Dye Exhaustion, Colour

Yield and Percent Dye Fixation

Conc. Of Dye Concentration
MAPTAC
(e/Mn) X
1% owf 2% owf 3% owf 4% owf
K/S %E, %F, %T K/S %E, %F, %T K/S %E, %F, %T K/S %E, %F, %T
(BF/AF) (BF, AF) (BE.AF) (BF.AF)
control 2.66 55.68 3.62 30.49 5.05 32.60 5.64 3245
1.17 43.98 2.32 64.08 3.25 64.35 3.66 64.89
24.49 19.54 20.98 21.05
10 2.68 62.22 434 32.56 5.28 35.67 6.79 31.29
1.79 66.79 2.91 67.05 3.53 68.56 4.60 67.74
41.55 21.83 23.84 21.19
20 6.79 74.09 8.39 49.79 8.85 40.58 9.03 35.45
5.71 84.09 7.05 84.02 7.35 83.05 7.66 84.82
62.30 41.83 33.70 30.07
30 9.21 82.10 9.14 52.31 10.93 44.82 11.80 38.60
8.07 87.62 8.01 87.63 9.58 87.64 10.25 86.86
71.93 45.84 39.28 33.52
40 8.57 87.10 10.32 60.08 11.85 50.29 13.68 48.05
8.01 93.46 9.47 91.76 10.90 91.98 12.51 91.44
81.40 55.13 46.25 4394

BF, AF = Before soaping and after soaping, respectively
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Table 4 Light Fastness Property of Dyed Modified Cotton Fabric

Concentration of MAPTAC (g/1) Light Fastness Rating
Control 3-4
10 3
20 3
30 2-3
40 2

Figure 2 Absorption Isotherm of Dyeing of the Modified Cotton Fabric
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