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Abstract: Most of the cotton fabrics at present are dyeing using 

reactive dyes which requires large quantities of salt, further 
produce large amount of effluent load to the environment in the 
form of more salinity in the effluent water along with other 
pollutants. In order to reduce the salinity in the waste water lot of 
investigations were carried out. Cotton fabrics pretreated with 
chitosan were dyed with reactive dyes. Pretreated samples were 
dyed without using salt as an electrpolyte. The influence of 
pretreatment on kinetics in dye bath i.e rate of dye particle 
movement towards the fabric, wash fastness, rubbing fastness was 
determined. The results of this study shows that the pretreatment 
of cotton with chitosan increases dye uptake and shows good 
fastness to washing and rubbing same as that of conventional way 
of dyed samples.  It was determined that chitosan was effective 
cross linking agent in salt-free dyeing of cotton fabrics. 

Index Terms: Reactive dyes, Chitosan, Dye uptake, K/S values  

I. INTRODUCTION 

Cotton is the most widely used fiber among all the natural 
textile fibers for apparel purpose. This fiber is having good 
wet strength and provides good comfort to the wearer, 
moisture absorption and wicking properties. Now a day’s 
most of the cotton fabrics are dyed with reactive dyes due to 
their excellent fastness properties but due to the ecological 
problems associated with the use of high volume of salt 
content in the effluent water now major concern is about 
reducing salt content in the dyeing process. Since cotton fiber 
has only moderate affinity for most of the reactive dyes, large 
quantity of salt is required to make the dye particles to move 
towards the fiber. Generally NaCl or Na2SO4 are commonly 
used electrolytes. Even then the dye bath exhaustion and 
fixation can still low as 50-60% for some dyes most of the 
time the wastewater contains salinity due to the high quantity 
of salt, leading to serious environmental problems [1]. 
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 It has been found that pretreatment of cotton with different 
crosslinking agents before the dyeing is effective in 
improving dye-fiber affinity in the fiber and makes the way 
for reduction in the electrolyte usage. Most of the studies have 
found that chitosan as crosslinking agents. Earlier studies 
have shown that a variety of compounds may be effective in 
chemical modification of Cellulosic [2]. Salts plays important 
role in reactive dyeing by accelerating the dye particle 
movement toward the fiber and also reduces the solubility of 
dye in the water. Color intensity increased by the combined 
contribution of both salt and cationic agent on adsorption and 
fixation of reactive dyes on cotton. On comparison with the 
untreated fabric, cationized fabric have higher color 
uniformity and good fastness properties.  This  
indicates that the cationic groups have a role in reactive dye 
absorption and  the dye fixation is due to the covalent bonding 
with cotton hydroxyl groups [3]. The kinetics of the dyeing of 
a dichlorotriazinyl-reactive dye, Procion Blue MX-R, with 
knitted cotton fabrics have been studied using 
spectro-chemical channel flow cell. Dyeing experiments were 

performed over a wide range of dye and electrolyte 
concentrations and the kinetic parameters were reported. 
Atomic force microscopic studies proved that the 
mercerization as a pre-treatment improved the bean shaped 
fiber surface to circular shape which may offer additional sites 
in the fiber for dye uptake [4][8]. The investigation on 
adsorption kinetics of lac dye on cotton fabric was found to 
follow the pseudo second-order kinetic model and the rate 
constant indicated a faster adsorption rate than that for lac dye 
on silk [5]. Finally it was concluded that the activation energy 
for the adsorption process on cotton was found to be 42.4 
kJ/mol [6]. The use of bio-surfactants was reported to be very 
much effective in the remediation of oil pollution which is 
more advantageous in biodegradability and reduced toxicity 
[7]. The present work is concentrates on the effectiveness of 
chitosan as a crosslinking agent in the pre-treatment of cotton 
fabrics in improving its dye ability with reactive dyes. Also to 
determine the kinetics of dye particles in the dye bath in 
varying concentrations of the chitosan and finally to assess the 
fastness properties like wash fastness and rubbing fastness 
after the treatment.  

II. MATERIAL AND METHOD 

The pretreated cotton fabrics were used in this study to carry 
out the dyeing and kinetics study. Chitosan powder was 
purchased from the local suppliers. A reactive dye used in this 
study was supplied by Color Tex Industries, Mumbai.  
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Acetic acid and Sodium carbonate was purchased from 
National Scientifics, Guntur. The bleached cotton fabrics 
were treated with varying  concentration of Chitosan i.e 3%, 
5% and 7% by using pad, dry and cure method. Acetic acid 
was used to dissolve the Chitosan[9]. Then the dyeing was 
carried out on to untreated cotton fabrics using salt and 
without using salt for the Chitosan treated fabrics. The treated 
fabrics were evaluated for its color value and fastness 
properties.  

III.  RESULT AND DISCUSSION 

The treatment of untreated and treated cotton fabrics with 
reactive dyes were carried out in IR Beaker dyeing machine. 
In this process the cotton fabrics initially dyed with 
conventional way of dyeing with reactive dyes and then with 
three different concentrations of chitosan i.e 3%, 5% & 7%.  
Kinetics of dye liquors at different time intervals have been 
taken for all the combinations of the dyes. The color values of 
dye liquors collected in different time Intervals of 3% 
chitosan treated dye liquor were shown in table 1. It clearly 
shows that there is a considerable change in the color 
difference values[10]. It may be due to the transfer of color 
when the temperature and time increases in the presence of  
chitosan. A plot of Transmission versus Wavelength has been 
drawn which is again clear that the high transmission values 
were obtained for the dye liquors consists of chitosan shown 
in Fig.1. 
Table 1: Color values of 3% Chitosan treated dye liquors 

               

 
Fig 1: Transmission vs Wavelength curves of 3% 

Chitosan treated dye liquors 
 Table 2 shows the kinetics of dye liquors collected and 
examined at different time intervals of 5% chitosan used in the 
dyeing process. It was clear from the table and the plot of 
transmission versus wavelength from the fig 2 shows that the 
color values were in the increasing pattern when compared   
with the 3% chitosan treated samples. It may be due to the 
reason that the concentration of chitosan is increasing. 
 Table 2: Color values of 5% Chitosan treated dye liquors 

 
 

    
Fig 2: Transmission vs Wavelength curves of 5% 

Chitosan treated dye liquors 
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Further to increase the effectiveness of the more dye particle 
movement towards the fabric 7% of chitosan was added to the 
dye bath and studied the dyeing kinetics at different time 
intervals. This was given in the table 3 which shows clearly 
that the with the increase of dyeing time where there is an 
incremental pattern in the dye movement. It may be due to the 
fact that the increase in the chitosan concentration may 
improve the dye particle movement towards the fabric even 
though there was no presence of salt.   
 
Table 3: Color values of 7% Chitosan treated dye liquors 

 
Transmission versus wavelength curves shown in the fig 3 

also confirms the same pattern of increase in the dye 
movement with increase in the concentration of chitosan.  

 
Fig 3: Transmission vs Wavelength curves of 

7% Chitosan treated dye liquors 
In order to compare the dye movement towards the fabric 
without using chitosan, the cotton fabrics were also treated by 
following the conventional way of dyeing and the kinetics 
were studied at different time intervals same as that previous 
process. Table no. 4 shows the color values of dye liquor 
collected from the dye bath at different time intervals and 
measured through Spectrophotometer.  
 
 
 
 
 
 
 
 
 
 
 

Table 4: Color values of conventional treated dye liquors 

 
 

      
Fig 4: Transmission vs Wavelenth curves of 

conventional dyed samples     
With respect to increase in time, the amount of exhaustion in 
the bath increases in all the shades. We can observe clear 
peaks in the rise of transmittance values at different 
wavelengths in Fig 4. The transmittance values of the 
conventional method were comparatively lower than the 
transmittance value of pre-treated with 3%chitosan. The 
transmittance value was found to be less than that of the 
conventional method when 5, 7% chitosan was used. The 
maximum transmittance value found with 3% chitosan.  As 
the concentration of chitosan increased above 3%, the 
transmittance value decreased All the dyed samples after 

treating with conventional way of dyeing and three 

different concentrations of chitosan were subjected 

to fastness testing to assess the properties of dyed 

samples against rubbing and washing fastness testing. 

Table 5 shows the rubbing fastness results of all the 

dyed samples. From the table it was clear that the 

rubbing fastness ratings of chitosan treated samples 

were almost similar to the conventional dyed samples 

even though there was no presence of salt.  
Table 5: Rubbing fastness of conventional & chitosan treated 
samples 
 

Shade % Dry rub Wet rub 
3% chitosan 5 4/5 
5% chitosan 4/5 4 
7% chitosan 4 4 
conventional 5 4/5 
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As compared with conventional dyed, 3% chitosan treated 
shows inherent rubbing fastness properties in both dry and 
wet conditions. As compared with conventional dyed, 5, 7% 
chitosan treated shows poor rubbing fastness properties in 
both dry and wet conditions.  The washing fastness properties 
of chitosan dyed cotton fabrics were determined using 
Laundro Meter. The fastness results were compared with 
conventional dyed fabrics. The washing fastness was found to 
be good for all the chitosan pretreated dyed sample may be 
due to the effectiveness of dye fixation due to pretreatment 
with chitosan. As compared with conventional dyed, 3% 
chitosan treated shows inherent washing fastness properties. 
As compared with conventional dyed, 5, 7% chitosan treated 
shows poor washing fastness properties as shown in Table 6. 
  

Table 6: Washing fastness of conventional & chitosan 
treated samples 

Shade % Shading Fading 
3% chitosan 5 5 
5% chitosan 4 4 
7% chitosan 4 4 
conventional 4/5 4/5 

IV. CONCLUSION 

Cotton fabrics were pretreated with chitosan before dyeing 
which increases the reactivity of dyes on to the fibers. The 
cotton fabrics treated with chitosan was found to be harsh in 
feel. The chitosan treated fabrics with 3%, 5%, 7% chitosan 
shown more dye ability, more exhaustion, good fastness 
properties. The dye particle movement in the dye bath with 
respect to time also increased when compared to the untreated 
cotton fabrics. Wash fastness and rubbing fastness of 
pretreated sample at 3% is showing better results than that for 
the conventionally dyed sample. 
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