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BRIEF RESEARCH METHODOLOGY: 

Rapid industrialization transformed the world's terrain in the previous century. 

The chemicals employed in various production operations greatly contaminated the air, 

land, and water. The traditional practice of "How to walk with nature" was harmed by 

urban industrial culture. The enlightened populace emphasizes sustainable development 

and sees this as a darker aspect of the changes. When dyes are made, both the 

intermediates and the finished product are extremely poisonous, not biodegradable, and 

completely recalcitrant. Some synthetic fabrics, like plastics, have seriously harmed the 

environment.  

Ecologically friendly processing will take into account issues with wastewater 

discharge, health considerations when handling, storing, and applying chemicals, and the 
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choice of ecologically appropriate substances throughout processing.  Despite the world's 

current information explosion, senior managers, technicians, and chemical producers are 

not sufficiently aware of these important issues.  

A significant amount of environmental contamination is caused by the numerous 

procedures employed in the textile processing sector. The wet processing of textiles 

typically produces a significant amount of complex and varied effluents, both in terms of 

quantity and properties. It is well known that the effluent from the textile sector is 

intensely coloured, contains a lot of suspended particulates, has a pH that fluctuates a lot, 

is hot, and has a high chemical oxygen demand (COD). The psychological impact of 

colour on water contamination is equally significant. In addition to being unsightly, the 

discharge of highly coloured garbage disrupts biological processes, interferes with light 

transmission, and may even directly cause the death of aquatic species in the receiving 

stream. The pollutant load is reduced in a number of ways.  

In light of this, the suggested research and work plan will centre on the following topics:  

• Developing an appropriate process formulation for cellulosic textiles such low 

GSM cotton and viscose that require pretreatment. to create desizing and scouring 

solutions using polymers, enzymes, soda, etc. At the conclusion of each stage of the 

pretreatment of cellulosic textiles, the formulation will be standardized and its 

performance optimized.  

• Examining the effects of pretreatment on the characteristics of textiles.  

• A study of water use during the initial production of cellulosic textiles.  

• A number of preparation activities necessitate the quantitative and qualitative 

examination of water in terms of COD, BOD, and TDS.  

The study's thesis, "Enzyme and Polymer mediated Six chapters make up "Pre-treatment 

of cellulosic textiles to rationalize water consumption vis-à-vis Reduction in effluent 

loading."  

It has become popular to consider "Eco-designing" products from start to finish. It 

is necessary to take the ecological element of the entire production process into account, 

from the fibre to the finished product, including its fabrication, but also its packaging, 

labelling, and recycling at the end of its useful life. These advancements in chemical 

textile processing will create new possibilities.  
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Maintaining high standards, being economical, having enhanced performance, 

creating less waste, requiring little to no chemical or water consumption, and overall 

being environmentally friendly  

The traditionally thought of traditional industry of textile wet processing is 

coming under more pressure from the global market. There is a general consensus that the 

textile industries need to move towards more advanced and high-quality products and that 

using outdated processing techniques may not be sufficient to maintain a profitable 

operation. New materials and technologies have led to the development of high-tech 

textiles, which are distinguished by previously unheard-of functions and effects. 

Generally, different types of products are used for pretreatment of Cotton and 

Viscose rayon like Wetting agents, Enzymes, Salts, Alkalis, Acid, Bleaching agent, 

Stabilizers, Defoaming agents, chelating agents, etc. Out of these products, the present 

studies focus on modifying wetting agent and desizing agent. Several, formulations with 

different permutation & combinations have been studied and finalized Enzymatic 

desizing agent (EDA) & Polymeric wetting agent (PWA). 

This project was divided in three phases. First study phase considered as making 

formulation and testing of desizing agent and wetting agent for cellulosic namely Cotton 

and Viscose rayon. The second study phase is application of that desizing and wetting 

agent on Cotton (woven & knitted) and Viscose rayon woven on lab scale to optimizing 

all parameters and developed optimistic process called as modifying pretreatment 

process. The third phase of study is purely industrial trial based where compared modified 

pretreatment process with current pretreatment process on Cotton and Viscose rayon. I 

have divided 3 main sections to this thesis' organisation: 

First section: Theoretical reflections on the Introduction, literature review, classification 

of fibres, and Chapters 1 and 2's list of pretreatment products for cotton and viscose 

rayon. 

Second part: Chapters 3 and 4 of this portion provide innovative desizing and wetting 

agent formulations, materials, and experimental techniques employed for pretreatment of 

cotton and viscose rayon in woven and knitted form, as well as the findings gained and 

pertinent remarks. 

Third section: Chapters 5 general discussion, conclusions, and outlook 
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KEY FINDINGS / CONCLUSIONS: 

1. Particle size distribution and Zeta potential  

The particle size and size distribution of EDA and PWA were analyzed on the 

Malvern instrument. Figure 1 and 2. shows the intensity size distribution of EDA and 

PWA dispersed in water. The first peak of EDA at around 1558 nm arises from the 

dispersion.  

The particle size and the size distribution graph as shown in the corresponding 

figure 1 for EDA, shows that the Z-average size of the dispersed particles is 2455 with 

Pdi value of 0.419. Two peaks for the size and size distribution in EDA solution is seen, 

indicats the solution is in polydisperse condition.  

  

 

Figure 1 Particle size and size distribution of EDA 

The particle size and the size distribution graph as shown in the corresponding figure 4.10 

for PWA, shows that the Z-average size of the dispersed particles is 2607 with Pdi value 

of 0.362. This indicates that the size distribution is in very narrow range. The uniform 

size and narrow range of size distribution may responsible for the higher stability of the 

PWA product. 
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Figure 2 Particle size and size distribution of PWA 

2. Analysis of optimized parameters for desizing process of cotton woven  

Good desizing depends on different processing parameters which results in good 

tegawa rating. Graphs shown in Figure 3 to 7 point up that the best Tegawa rating (8-9 

Tegawa) achieved by optimizing dosage of EDA, pH of desize bath, dwell time of 

process, temperature of desize bath and water qulity used to processing.  

 

Figure 3 Optimization concentration of 

EDA in cotton woven desizing 

 

Figure 4 Optimization of pH in cotton 

woven desizing 
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Figure 5 Optimization of bath Temperature 

in cotton woven desizing 

Figure 6 Optimization of dwell time in 

Cotton woven Desizing 

 

Figure 7 Optimization of quality of water 

in cotton woven Desizing

3. Whiteness and Yellowness Index  

The fabrics were analyzed in terms of any change in appearance using CCM. The 

results in terms of whiteness and yellowness index are given in Table 1. Results shows that 

there is only a negligible change in the whiteness and yellowness index of all three fabrics 

after both types of current and modified pretreatment. 

Table 1 Whiteness and yellowness index of fabrics after current and modified pretreatment  
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Sr.No.  Fabric  Pretreatment  Whiteness Index  Yellowness index  

1  Cotton woven  
Current  60.05  10.60  

Modified  59.18  9.97  

2  Viscose woven  
Current  57.66  12.79  

Modified  59.86  11.85  

3  Cotton knitted  
Current  62.02  8.07  

Modified  60.51  9.91  

 

4. Core pH of fabrics  

The core pH of fabric depends on the alkali present in the core, which was not 

neutralized properly during the neutralization process. Generally, the core pH of fabric is 

more alkaline when more alkali is used in the pretreatment process followed by washing & 

neutralization is not done enough. Cotton woven and knitted fabrics showed more alkaline 

core pH because NaOH was used but viscose was near to neutral pH where no alkali was 

used. The current pretreatment process had used almost double the dosage of alkali compared 

to the modified process which shows that higher core pH in the current processed compared 

to the modified processed fabric as per table 2. 

Table 2 Core pH of fabrics after current and modified pretreatment  

Sr.No.  Fabric  Pretreatment  Core pH of the fabric  

1  Cotton woven  
Current  8.45  

Modified  8.02  

2  Viscose woven  
Current  7.40  

Modified  7.55  

3  Cotton knitted  
Current  8.61  

Modified  8.21 

 

5. Tensile strength of fabrics  

The results for tensile strength (dry) and elongation at break of current as well as modified 

pretreatment are given in Table 3. 

Table 3 Tensile strength of current and modified pretreated fabrics  

Sr.No.  Fabric  Pretreatment  Lengthwise/ Load (kgf)  Percentage Strain  
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Widthwise  

1  
Cotton 

woven  

Current  
Warp  18.57  19.35  

Weft  11.28  5.14  

Modified  
Warp  19.15  19.85  

Weft  11.55  5.25  

2  
Viscose 

woven  

Current  
Warp  23.16  8.92  

Weft  19.50  8.42  

Modified  
Warp  24.50  9.47  

Weft  22.85  9.10  

3  
Cotton 

knitted  

Current  
Course  38.44  81.44  

Wale  22.74  78.44  

Modified  
Course  40.05  83.08  

Wale  22.50  79.89  

From the results, it can be visualized that the modified treatment marginally improves 

the tensile strength of all the fabrics most probably due to the lower concentration of 

auxiliaries and lower washing cycle. It is clear from the corresponding figures that the 

modified treatment leads to a slight improvement in the tensile strength as well as elongation 

at break. The improvement in the tensile and elongation of fabric attributed due to the lesser 

washing cycle was done in a modified process which led to lesser thermal energy usage and 

lesser abrasion on the cellulose chain. However, the change in improvement in values of TS 

and % strain varies for cotton woven to viscose woven to the cotton knitted fabric. Such 

differences in the values of tensile strengths in warp and weft direction could be associated 

with variations in the class of fiber. 

6. Result and Discussion of effluent testing of current v/s modified pre-treatment 

process  

Table 4 Approximate quantity of effluent generated after pretreatment of cotton and viscose 

process  

Sr.No.  Fabrics  
Quantity of 

fabric (kg)  

Machine used 

for 

pretreatment  

Effluent generated in liters  

Current 

process  

Modified 

process  

1  Cotton woven  200  Jigger  4200  3000  
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2  Viscose woven  250  Soft flow  5000  3000  

3  Cotton knitted  250  Soft flow  5000  4000  

The effluent generated in the current and modified pretreatment process of three types of 

fabric was measured in industry. Here table 4 shows the amount of effluent generated in all 

processes.  

Washing effluent parameters like BOD, COD, and TDS for current and modified 

process samples were evaluated by standard methods and reported in Table 4.  

Table 5 Pretreatment effluent testing of cotton woven fabric by current and modified process  

Sr. No.  Effluent testing parameters  Current process  Modified process  

1  TDS (in PPM)  14500  9580  

2  BOD for 3 days  3680  3792  

3  COD  18255  14622  

4  pH  8.55  7.50  

Table 6 Pretreatment effluent testing of viscose woven fabric by current and modified 

process  

Sr. No.  Effluent testing parameters  Current process  Modified process  

1  TDS (in PPM)  952  1177  

2  BOD for 3 days  3020  3193  

3  COD  12520  11856  

4  pH  7.75  7.59  

Table 7 Pretreatment effluent testing of cotton knitted fabric by current and modified 

process  

Sr. No.  Effluent testing parameters  Current process  Modified process  

1  TDS (in PPM)  17500  14900  

2  BOD for 3 days  3325  3218  

3  COD  16525  12953  

4  pH  9.23  8.58  

  

Today, biodegradable products are used all over the world, and significant research is 

being done to create new synthetic processes that will enhance their application qualities. 

However, increasing the amount of alkalis might have serious negative environmental effects 
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on the effluent. Table 5 to 7 makes it evident that, in contrast to the current washing effluent 

of the sample with higher alkali, the washing effluent with the proposed treatment does not 

increase the BOD, COD, TDS, or pH. It is acceptable to assume that polymer can safely 

deliver high durability of the intended textile functionalities based on the lower values of 

TDS. 

The pretreatment and cleaning of textiles constitute the initial stage of textile wet 

processing. Begin wet processing with an environmentally friendly desizing procedure using 

an enzyme. The formulation of a desizing agent with various auxiliaries for a one-shot 

product was done in the current inquiry using the same principle. The Zydex lab and 

industrial trial created, examined, and standardized this one-shot EDA, which demonstrates 

the following product attributes:  

• The pretreatment of viscose can be completed with just the addition of EDA in a 

single bath operation, which saves both water and energy.  

• Viscose does not need to be pretreated with soda.  

• A quicker grey wetting property that allows enzymes to more easily reach the fabric's 

core and speed up the processing process.  

• Very high detergency and emulsifying action, which dissolves and suspends oily 

and greasy contaminants as well as size and soil particles.   

• Very low foaming, making it appropriate for extended liquor exhaust processes in 

high shear machines.  

• APEO free eco-friendly product  

• Feel after pre-treatment is excellent  

• Fabric cleanliness is good compared to other emulsifiers.  

In the second step of wet processing, scouring and bleaching, lowering the pollution 

load and saving money on utilities like water, steam, chemicals, and auxiliaries are also 

crucial. A polymeric-based wetting agent, a one-shot product, was created. The results of the 

experiments show that the created product lowers the concentration or dose of NaOH and 

soda ash used for scouring. Sodium hydroxide quickly degrades when it is introduced into the 

effluent and interacts with other chemicals. In the process of dissolving in water, sodium 

hydroxide separates into sodium cations (positively charged sodium atoms) and hydroxide 

anions (negatively charged oxygen and hydrogen atoms), thereby lowering the acidity of the 

water. The list of PWA product characteristics is as follows:  
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• Outstanding performance by micro cleaning of wax on cotton and oils & greasy 

material for polyesters.  

• It does not provide temporary wetting like low mol. weight scouring agent  

• It is important to distinguish the scouring effect of this product by observing the 

solidity of dyeing rather than the absorbency of scour fabric.  

• Artificial wetting after scouring will go away after 2-3 times washing but PWA shows 

good wettability throughout washing.  

• Eliminate total soda concentration in the scouring bath by adding PWA.  

• Fabric cleanliness in terms of kitties, dirt, and dust is good compared to other 

scouring formulations.  

• Very low foaming and hence suitable for high shear machines.  

• Very high detergency and emulsifying action which removes & suspends oils, 

grease, and natural wax impurities as well as size material and soil particles.  

Both products were evaluated in the lab for stability, viscosity, solid content, 

dispersibility, particle size distribution, zeta potential, and other factors and passed; they then 

began to be produced in large quantities on an industrial scale. The lab conducted a number 

of laboratory tests on various cotton and viscose rayon fabrics, including determining the 

ideal pH, temperature, time, doses of auxiliaries, etc. for each fabric. Set the optimal 0.5% 

EDA dosages, 5.5 pH, 75 °C temperature, 45 minutes for the desizing of cotton and viscose 

woven fabric in Recipes 1 and 3, and the optimal 0.5% PWA, 0.8% NaOH, 3% H2O2 

dosage, 90 °C temperature, 45 minutes for the scouring and bleaching of cotton woven and 

knitted fabric in Recipes 2 and 4, respectively.  

Wet processing industries conducted the bulk trials for the same against the current 

procedure used by the relevant industry. The results of the bulk testing of the new modified 

method were encouraging in comparison to the conventional pretreatment procedure.  

Current and modified processed all fabrics were taken from the industry and evaluated 

in the lab showing that most of the properties like weight loss (3-3.5% on Cotton woven; 

5.25% in the current process and 3.5% in the modified process), Tegawa rating (6-7 rating on 

cotton woven and 8-9 rating on Viscose woven), Absorbency (Avg 1-3 seconds on all fabric), 

Sinking time(Avg 2-3 seconds on all fabric), Whiteness and Yellowness index (Avg WI of 

fabrics are 60 ± 2)and Yellowness index (Avg YI of fabrics are 10 ± 2), core pH of fabric 

(viscose is near to neutral whereas 0.4 pH higher seen in current pretreatment of cotton 

woven and knitted fabric compared to modified), a colour strength of the pretreated fabric, 
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Tensile and Tear strength of fabric were almost same or negligible difference but feel of the 

fabric was improved in the modified process due to good cleaning, lesser caustic used and 

polymer deposition on fabric.  

The effluent generated in the modified process of Cotton woven, Cotton knitted, and 

viscose rayon fabric by 20 -40% lower compared to the current process. Also TDS, COD, and 

pH were showing lower values in the modified process of Cotton woven and knitted fabric 

but slightly increase all values in the viscose woven modified process.   

Reduced processing time, temperature, and water and steam usage are all signs of the 

modified process. So, from per economy point of view, 550 - 580 Rs/ 200-250 kg batch save 

which converts to large savings on monthly and yearly bases in water, Steam, and auxiliaries 

using all types of fabrics. Also, the time of processing per batch was reduced which increases 

production by 25% in cotton knitted, 40% in cotton woven and 60% in viscose woven fabric.  

The world will utilise more cotton as a result of its comfort, affordability, and 

environmental friendliness. The textile industry must deal with challenges related to effluent 

and waste disposal. Additionally, the red-listed substances and prohibited hues are very 

dangerous or carcinogenic. The amount of contaminants in the final product is what causes 

health problems for people. On the other hand, as people's awareness of the quality of the 

environment increases, environmental regulations are becoming more stringent all over the 

world every day. 

RECOMMENDATIONS/ SUGGESTIONS: 

• The same study can be done by further optimizing medium and higher GSM cotton 

and viscose rayon fabric.  

• Can use of different alkalis to reduce the effluent load in the pretreatment of Cotton.  

• Further study can be extended in blended textiles like P/V, P/C, C/P and many more 

fabrics.  

• Also can study in sizing process for less size or modified starch/ size application on 

Cotton, Viscose, and blended textiles for easy desizing.  

• Reuse Desizing, Scouring and bleaching bath after filtration and top-up of required 

chemicals.  
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