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ABSTRACT The current study centers on eliminating salt in the dyeing 
process of cotton products using reactive dyes. This study identified that the 
usage of reactive dyes is generating a huge amount of waste products that 
are contaminating the environment. Hence, this study introduces salt-free 
reactive dyes that can be used on cotton and would not contribute to 
ecological contamination. The prime purpose of this study was to explore a 
promising approach to reduce the cost of the dying process. Therefore, this 
study proposed the fiber modification technique based on chitosan and 1,2 
dichloroethane as a proposed method for dying cotton, which will 
eventually help in reducing disposal and hazardous waste generated by salt-
based chemicals. When the fabric is subjected to a treatment involving 
polyacrylamide, it causes cellulose to exhibit the main characteristics of 
wool. As a result, cotton can be dyed using reactive dyes under neutral pH 
conditions, without the need for electrolyte and alkali. Similarly, when 
fabric is treated with an emulsion of 1,2 dichloroethane followed by 
amination with sodium hydroxide, the treatment was discovered to enhance 
color fixation also. The modification was investigated through in-depth 
analysis in this research. 
INDEX TERMS cost-effective dyeing, dyeing process, eco-friendly 
dyeing, fiber modification, salt-free reactive 
I. INTRODUCTION
The dyeing method is a strategy that gives excellence to the material 
substrate by applying altogether extraordinary hues and their shades onto a 
material mainly governed by three factors, which involve the dye, the fibre, 
and the liquor required for dying [1]. Dye is applied onto the fabric by 
chemical combination or through physical absorption till the fabric is 
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immersed in the dye bath properly. Dyeing must be done at any segment of 
the assembling of textile fiber, textile yarn, fabric, or a finished material 
item together with apparel and garments. The process of dyeing a fabric is 
gradual, which resonates with the speed of this gradual process being 
mentioned as the dyeing rate. The rate of dyeing depends on the available 
condition of the dye bath, namely the presence of electrolytes, the 
concentration of dye, and the given temperature [2]–[5]. Cotton reactive 
dyes are extremely well known for cellulosic articles of clothing because 
they're environmentally protected and possess smart comprehensive 
properties. These dyes have the unique property that they form covalent 
bonds when applied to textile substrate. They require huge amounts of 
electrolytes for their exhausting application, promoting environmental 
issues.  
The exhaustion of dye is done in the presence of electrolytes. An electrolyte 
is added to assist the exhaustion of dye when the fabric is immersed in the 
dye bath. Mostly NaCl is used as an electrolyte. Salt perform two key 
actions in which common salt (NaCl) or sodium sulfate (Na2SO4) is entirely 
separated in water to free molecule pair in the form of sulfate ions or of 
sodium (Na) and chloride (Clˉ) ions. The positive sodium particle 
satisfactorily repels the zeta potential and is set to the fiber/water interface. 
Salt is the favored species to possess the constrained lattice sites because 
water has quite restricted positions as a waster is a lattice structure used for 
accommodating charged species. At that point dye moved from the solution 
towards the fiber and the dye contains the distribution coefficient of the dye. 
Throughout the reactive dyeing of cotton, both these activities of salt 
enhance the reactive dye exhaustion [6], [7]. However,   huge amount of 
salt application increases salinity in drained water stream, and; therefore, 
has negative effects on ecological nature. In a Likewise manner, the energy 
and water required to expel the hydrolyzed dye from the fabric and clean 
the dye bath increase the cost significantly [8]. To clear the hydrolyzed or 
unfixed color, tedious and expensive washing-off techniques are required. 
Various procedures have subsequently been recommended from mid-1930s, 
to date by giving cationic sites on the fibers to enhance the substantivity of 
anionic dyes towards cellulosic fibers. Additionally, the natural effects of 
the saline effluents discharged from the dyeing procedure can't be neglected 
[9]. 
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Various studies have pursued to increase the attraction of anionic dyes 
toward cotton fabric by presenting positively charged sites on cotton  [8]. 
This process is called cationization. Cationization of cotton fabric is 
developing as an effective tool that resolves the ecological harms linked 
with the dyeing of cotton with anionic dyes. Positively charged sites are 
introduced, which enables the formation of an electrostatic attraction 
between the negatively charged dye molecules and the fiber; therefore, 
removing the requirement for electrolytes in the cotton reactive dyeing and 
increasing the dye exhaustion. Whole exhaustion can be attained on 
cationized cotton without the addition of electrolytes [10]. Cationized 
cotton results in improved dyeing, when dyed with reactive dyes at neutral 
pH, as compared to the conventional dyeing procedures [11], [12].  
M. Subramanian et al., cationized the cotton fabric by using different 
concentrations of cibafix, along with the varying concentration of soda ash 
at the designed temperatures of 30, 50, and 70ᴼC. Cibafix is known as a 
polyamino chlorohydrin quaternary ammonium compound used as a 
cationic fixing agent [13]. 
With epichlorohydrin or an alkyl bromide when grafted by quarternization 
of 2-vinyl pyridine, could enhance [14]. The cotton fabric treated with 
EPTMAC (2,3 epoxypropyltrimethyl ammonium chloride) offers 
cationized sites that can be dyed with reactive dyes and give excellent 
results without using electrolytes [15]. Impact of PECH-amine treatment on 
responsive coloring of bunk ton. They found that the changed cotton is 
colored by particular low reactivity colors in fair conditions by mutually 
selected or constrained salt concentrations reactivity dyes without salt. 
All the above processes that are being used so far are using chemicals that 
are hazardous to the environment. Therefore, this study aims to purpose the 
effective usage of chitosan and 1,2 dichloroethane, while chitosan is a 
natural nontoxic polysaccharide polymer with exceptional set of useful 
biological and physiochemical characteristics [16]–[20]. Hence, this study 
aims to get the most fixation of dyes by minimum hydrolysis of dyes, which 
will increase the reactivity of dye and enhancement in the rubbing fastness 
and washing fastness properties of the treated sample; additionally, it will 
increase the wrinkle recovery of the textile substrate and enhance the anti-
bacterial property of the fabric. To signify the savings in process costs. To 
reduce the requirement of water during the wash-off process by taking the 
low volume of water. 
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The current study will investigate a new technique for cotton dyeing without 
utilizing salt that would be an economical way to dye a fabric with 
additional antimicrobial properties.  
II. METHODOLOGY 
A. CHEMICALS AND REAGENTS 
Chitosan, obtained from crab shells with >90% purity and a degree of 
deacetylation of 90% was purchased from Bio Basic Inc., Canada, and 
acetic acid from Acros Organics. Nutrient agar was purchased from Merck 
and nutrient broth from Lab. M. Ltd., UK. 1,2 dichloroethane and Reactive 
RedME4BL were obtained from central chemical.  Salt (NaCl) was 
purchased from Ittehad Chemicals. A plain weave cotton fabric was 
purchased from a local textile industry. All the chemicals and reagents were 
used as received. All solutions were made in distilled water of electrical 
conductivity below 3 μS/cm. 
B. PRE-TREATMENT OF COTTON FABRIC 
1) DESIZING 
It is the process of removing the size material from the fabric. Sizing agents 
are selected based on the type of fabric. First, we desize our fabric by 
enzymatic desizing. Enzymatic desizing is a  type of desizing in which 
starch is used as a desizing agent on cotton fabric with the help of an 
enzyme. Enzymes are soluble bio-catalysts, complex organic, formed by 
living organisms that cannot take part in that reaction except to speed up the 
chemical reaction. 
2) RECIPE OF ENZYMATIC DESIZING 
o Wetting Agent → 1 gm/litre 
o Enzyme (Amylase enzymes) → 6 gm/litre 
o Temperature → 90-100°C 
o Time → 10-15 min 
o NaOH → 4 gm/litre 
o pH → 6-7 
o CH3 COOH → 0.5 gm/litre 
o Rinse twice at 60°C for 3 min and normal temperature for 3 minutes. 

https://en.wikipedia.org/wiki/Enzyme
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3) SCOURING 
Scouring is a method that is mainly used to remove the contaminations from 
the fabric surface, such as wax, gums, oils, solid dirt, and soluble impurities 
normally found in textile material. The cotton is treated with a solution 
containing detergent, alkali, and a wetting agent for the elimination of metal 
ions and contaminations. The main purpose of scouring is the removal of 
fats and waxes to improve the water absorbency of cotton fabric. 
Polyacrylates are mostly used as a special surfactant for the scouring 
process, at high temperatures [21]. 
4) RECIPE OF ENZYMATIC SCOURING 
o Sequestering agent → 1 gm/litre 
o Peroxide Stabilizer→ 0.5 gm/litre 
o Enzyme→ 0.4% gm/litre 
o Detergent & wetting agent → 0.6gm/litre 
o Bleaching agent → 3 gm/litre 
o Hydrogen peroxide→ (35%) gm/litre 
o Caustic soda (Scouring agent) → 2 gm/litre [22]. 
5) BLEACHING 
Bleaching is a process, which is used to increase the fabric’s brightness and 
color. It enhances the whitening of textile material by removing undesired 
components, pigmentation, and coloring spots, which normally appear 
when fabric passes through  different processes. Bleaching is a major phase 
in the pre-treatment process of textiles and the most commonly used bleach 
for cotton is hydrogen peroxide bleach [23]. 
6) RECIPE OF HYDROGEN PEROXIDE BLEACH 
o Sodium silicate → 2-7 g/l            
o H2O2 (35%) → 4.5 g/l 
o PH → 9-10 
o NaOH →0.5 g/l 
o Wetting agent → 1 g/l 
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o Time→ 18 to 24 hours 
o Temp → 80 - 95°C 
The purpose of using hydrogen peroxide as a bleaching agent for cotton or 
cellulosic material is because hydrogen peroxide is environment friendly 
[24]. 
After the pre-treatment process, the fabric is dried in dryer machine, the 
temperature of the dryer machine is 110° C, which is normally kept 
consistent for 1 minute. After pretreatment, the specifications of the fabric 
are given in Table I. 

TABLE I 
SPECIFICATIONS OF USED FABRIC 

Name Cotton 
Weave structure Plain weave 1×1 
GSM (gm/m²) 150 

Warp count (Ne) 40 
Weft count (Ne) 36 

Ends per inch 120 
Picks per inch 100 

C. PREPARATION AND APPLICATION OF DYEING 
1) DYE RECIPE FOR 1,2 DICHLOROETHANE REACTIVE DYEING 
Treatment with DCE: 
o DCE = 16% =72ml 
o Time = 90minutes 
o Temperature = 70ᴼC 
o L:R = 1:50 
o Dye 1%= 0.16g, 2%= 0.32g, 3%= 0.48g 
For amination:  
o L:R = 1:50 
o Ammonia = 10% =45ml 
o Time = 90 minutes 
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o Temperature = 70ᴼC 
2) MODIFICATION OF COTTON USING 1,2 DICHLOROETHANE 
The cotton sample was treated with the emulsion of DCE and water 
utilizing diverse convergences of dye for a given time and temperature. 
After the DCE treatment, the specimens were subjected to amination with 
ammonium hydroxide using a fixed concentration at a given time and 
temperature. 
3) DYE RECIPE FOR CHITOSAN REACTIVE DYEING 
o L: R = 1:20 
o Chitosan 10% = 32ml 
o Acetic acid = 0.1% 
o Temperature = 70ᴼC 
o Time = 60mins 
o Curing 150ᴼC for 1 minute 
o Drying 110ᴼC for 3 minutes 
o Dye 1%= 0.16g, 2%= 0.32g, 3%= 0.48g 
4) MODIFICATION OF COTTON USING CHITOSAN 
The cotton fabric is immersed in the solution of chitosan overnight. The 
next morning, the sample was washed with normal water and then exposed 
to the dyeing process according to the given above temperature and pressure. 
After dyeing, the sample was subjected to curing for fixation and finishing 
at 150ᴼC for 1 minute, and then  the sample was dried at the mentioned 
temperature and time as per indicated above. 
Forsake of comparison fabric samples were also dyed with common slat.  
5) DYE RECIPE BY USING COMMON SALT 
o pH= 0.5 
o Time= 60mins 
o Temperature= 70ᴼC 
o Sequestering agent= 0.32g 
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o Wetting agent= 0.32 g 
o L: R (liquor ratio) = 1:20 
o Dye 1%=0.16g, 2%=0.32g, 3%=0.48g 
o Salt 40% = 128g 
6) DYEING PROCESS USING SALT 
The cotton fabric is dyed with red reactive dye using salt at the given 
temperature and time by using the exhaust method. The purpose of using 
salt is to increase the affinity of dye to fiber. 
D. TEST METHODS 
1) ANTIBACTERIAL ACTIVITY 
Fabric was assessed for the anti-bacterial activity by using this test 
method. AATCC 147 is used to detect bacterial activity on textile 
materials [21]. 
2) COLORFASTNESS TO CROCKING 
Fabric was assessed by using AATCC TM8 for the crocking. It concludes 
the quantity of color shifted from the surface of dyed textile material to other 
surfaces by rubbing [25]. 
3) COLORFASTNESS TO LIGHT 
The fabric was assessed by using this test technique for lightfastness. The 
pieces were cut in the size of 12cm long and 6cm wide from each sample. 
After cutting, round each one and tape the edges of the sample later attach 
to the specimen holder. These holders are set into the light fastness tester. 
Then the experiment is continued for 24 hours. The specimen was taken 
from the light fastness tester and measured their values by using greyscale, 
after 24 hours.  
4) K/S SHADE DEPTH 
The fabric was assessed by using AATCC Test Method 182 to portray 
assurance of the color strength of a dye. This method is used to regulate the 
color strength of a dye sample compared to a reference dye employing 
spectrophotometric transmittance measurements on solutions of each 
sample [26]. 
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III. RESULTS AND DISCUSSION  
A. COLOR STRENGTH OF CATIONIZED FABRICS 
The depth of color of dyed fabrics was examined by a spectrophotometer. 
It was analyzed by evaluating the K/S values of samples. The color strength 
typically known as (K/S) was calculated at the wavelength of maximum 
absorption (λmax) for each sample of dyed fabrics. A spectrophotometer 
(Color measuring instrument) concludes the K/S value of a given fabric 
sample through the Kubelka-Munk equation which is as follows [27]. 
K/S = (1 - R) ² / 2R 
Where  
K = absorption co-efficient  
S = scattering co-efficient of dyes 
And  
R = reflectance percentage of material which is illuminated with light of a 
recognized wavelength. 
This value signifies the lessening proportion of light due to absorption and 
scattering, which is based on reflectance. It also characterizes an easy way 
to determine a color as a concentration and the nature of the coloring 
material layer [28]. The concentration of color falls if the value of 
reflectance rises, and vice versa. 
The function of color strength K/S is directly proportional to the 
concentration of color inside the substrate [29]. The color difference 
between untreated, salt-treated, chitosan-treated, and 1,2 dichloroethane-
treated samples was also evaluated. Cotton samples pretreated with chitosan 
(10%) were evaluated using reactive dye with different concentrations 
which are 1%, 2%, and 3% for exhaustion. The liquor-to-fabric ratio was 
1:20 (owf) [30]. For comparison, other cotton samples were pretreated by 
1,2 dichloroethane (16%) followed by ammonium hydroxide (10%) and 
were examined using reactive dye having different concentrations as same 
as chitosan. The liquor ratio to fabric was 1:50 (owf). I also take salt reactive 
treated samples for another comparison, salt concentration is 40% having a 
liquor ratio of 1:20 (owf) with three different concentrations as same as both 
above mentioned. 
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K/S values help to determine the amount of dye present within the fabric. 
The results illustrate that cationization improves the cotton’s dye ability and 
is attributed to the adsorption of cationic agent on the cotton surface creating 
positive centers which are capable of attracting anionic dyes [4]. 

TABLE II 
COLOR STRENGTH OF COTTON USING CHITOSAN REACTIVE 

DYEING 

Dye 
concentration 

Chitosan 
concentration Wavelength CV- single 

wavelength 
1% CH 1 10% 555 0.837 
2% CH2 10% 555 1.253 
3% CH3 10% 555 1.681 

 
FIGURE 1. Shade depth of chitosan treated samples 

TABLE III 
COLOR STRENGTH OF COTTON USING 1,2 DICHLOROETHANE 

REACTIVE DYEING 

Dye 
concentration 

1,2 
Dichloroethane 
concentration 

Wavelength CV- single 
wavelength 

1% 16% 555 0.883 
2% 16% 555 1.367 
3% 16% 555 1.735 
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FIGURE 2. Shade depth of 1,2 dichloroethane treated samples 

TABLE IV 
COLOR STRENGTH OF COTTON USING SALT REACTIVE 

DYEING 

Dye 
concentration 

Salt 
concentration Wavelength CV- single 

wavelength 
1% 40% 550 0.746 
2% 40% 550 1.235 
3% 40% 550 1.712 

 
FIGURE 3. Shade depth of Salt treated samples  
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TABLE V 
COMPARISON OF COLOR STRENGTH OF ALL SAMPLES 

Dye Chitosan (CH) 1,2 Dichloroethane 
(DC) Salt (S) 

1% CH1 = 0.837 DC1 = 0.883 S1 = 0.746 

2% CH2 = 1.253 DC2 = 1.367 S2 = 1.235 

3% CH3 = 1.681 DC3 = 1.735 S3 = 1.712 

 
FIGURE 4. Comparison of all samples 
Figure 4 shows the combined result of shade depth of all samples. It shows 
that when the dye concentration is 1%, and it is applied to both cationized 
samples and salt-treated fabrics, the shade depth of dichloroethane appears 
more than chitosan and salt. When the dye concentration increases to 2%, 
then still 1,2 dichloroethane has more shade depth than chitosan and salt. 
Now finally the concentration of dye comes to 3%, it still seems that 1,2 
dichloroethane has better shade depth than chitosan and salt. But using 
chitosan, another beneficial property is present as well which is anti-
bacterial property. Chitosan also gives better shade depth in comparison to 
salt as well as in comparison with dichloroethane because it gives shade 
depth nearer to 1,2 dichloroethane values and also gives anti-microbial 
property to the sample and makes the sample or fabric eco-friendly.  
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TABLE VI 
 CROCK FASTNESS OF CHITOSAN-TREATED SAMPLES 

B. CROCK FASTNESS  
The crock fastness of chitosan, 1,2 dichloroethane, and salt are shown in 
Table vi, vii, and viii respectively. The dry crocking fastness of all samples 
is good enough and the wet crocking fastness of all samples is also 
satisfactory. The reason behind the good wet crock fastness is that some 
unfixed dye is removed by rubbing, the unfixed dye range that is also 
considered satisfactory [3]. 

Sample name Dry crocking 
rating 

Wet crocking 
rating image 

CH1 4-5 2-3 

 

CH2 4-5 3 

 

CH3 4-5 2-3 
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TABLE VII 
CROCK FASTNESS OF 1,2 DICHLOROETHANE TREATED 

SAMPLE 

TABLE VIII 
CROCK FASTNESS OF THE SALT TREATED SAMPLE 

Sample 
name 

Dry crocking 
rating 

Wet crocking 
rating Images 

DC1 5 4-5 

 

DC2 5 4-5 

 

DC3 5 2-3 

 

Sample 
name 

Dry crocking 
rating 

Wet crocking 
rating Image 

S1 4-5 2-3 
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 C. LIGHTFASTNESS 
The lightfastness of chitosan, 1,2 dichloroethane, and salt are shown in the 
Tables ix, x, and xi, respectively. These results display that the color 
fastness of all dyed samples is excellent when exposed to light. This is due 
to the favorable electron arrangement of the dye. It was also noted that all 
fabric samples treated with chitosan exhibited equally impressive 
lightfastness due to their deeper penetration. The moisture absorption of 
chitosan-treated cotton samples was examined, revealing a modest 
improvement in their wetting ability [1]. The lightfastness of chitosan-
treated samples was notably influenced by the prevailing moisture 
conditions. Therefore, any decrease in lightfastness in treated samples may 
be linked to alterations in moisture levels [2]. 

TABLE IX 
LIGHT FASTNESS OF CHITOSAN-TREATED SAMPLES 

Sample name Light fastness rating Image 

CH1 6-7 

 

Sample 
name 

Dry crocking 
rating 

Wet crocking 
rating Image 

S2 4 2-3 

 

S3 4-5 2-3 
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Sample name Light fastness rating Image 

CH2 6-7 

 

CH3 6-7 

 

TABLE X 
LIGHT FASTNESS OF 1,2 DICHLOROETHANE-TREATED 

SAMPLES 

Sample name Light fastness rating Image 

DC1 6-7 

 

DC2 6-7 
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Sample name Light fastness rating Image 

DC3 6-7 

 
TABLE XI 

LIGHT FASTNESS OF SALT-TREATED SAMPLES 

Sample name Light fastness 
rating Image 

S1 6-7 

 

S2 6-7 

 

S3 6-7 
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D. ANTIBACTERIAL 
Figures 5. a and 5. b show the antibacterial activity of salt-treated cotton 
against Staphylococcus Aureus and E.coli, respectively. There is no 
inhibition occurringin these two samples. 
The next 5. c and 5.d fig shows the same results after 1,2 dichloroethane-
treated cotton against Staphylococcus Aureus and E.coli respectively. The 
last two figures 5. e and 5. f show antibacterial activity on chitosan-treated 
fabric against staphylococcus Aureus and E.Coli respectively. The zone of 
inhibition for Staphylococcus aureus and E.coli shows that the cotton fabric 
has good antimicrobial effects by presenting very strong antimicrobial 
resistance [31]. The 1st sample of both cases, exhibited very low 
antimicrobial activity but all other samples exposed good resistance against 
Staphylococcus aureus and E.coli when the concentration of dye was 
increased. E.Coli is more resistant than staphylococcus Aureus after 
chitosan-treated fabric because E.Coli is a gram-negative bacteria that lack 
peptidoglycan in comparison to Staphylococcus Aureus, which is a gram-
positive bacteria that contain peptidoglycan bacteria in it cell wall [32]. The 
antimicrobial action of chitosan is attributed to the presence of positively 
charged amino groups in its polymer structure, facilitating ionic interactions 
with the components of bacterial cell walls. This interaction suggests the 
occurrence of peptidoglycan hydrolysis within the bacterial cell wall, 
resulting in the release of intracellular electrolytes. Consequently, this 
process leads to the death of the microorganism, preventing bacterial 
reproduction [31]–[35]. 

 
 

  

b
 

c
 

a
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FIGURE 5. Antibacterial activity on all samples 
E. CONCLUSION 
Conclusively, this study achieved the proposed salt-free reactive dyeing 
technique for cotton fabric through the use of Chitosan and DCE. Chitosan 
and DCE treatments introduced amino groups that enhanced dye affinity, 
while protonation in acidic conditions attracted dyes to the fiber, reducing 
the need for salt in slightly acidic baths. Additionally, excellent dye 
exhaustion was observed in the modified cotton, with DCE-treated samples 
exhibiting slightly higher exhaustion and Chitosan-treated samples offering 
antibacterial properties. This work highlighted the feasibility of dyeing 
cationized cotton with eco-friendly reactive dyes, eliminating the need for 
salt and reducing dye effluent.   
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