
ABSTRACT 

MADAD, MOHSIN. Exhaust Cationization of Cotton. (Under the direction of Dr. Peter J. 

Hauser). 

 In present day and age there are varieties of options available in terms of fibers when 

apparel is thought about, and there cotton based apparel is the favorite, because of its natural 

appearance, hand and comfort. For cotton based apparel, fiber reactive dyes are the colorant 

of choice because of their good fastness to laundering and variety of colors this dye class 

possess. But the usage of reactive dyes is accompanied by usage of large amounts of salt to 

exhaust the dye on the fiber, and excessive usage of water in order to remove the unfixed 

(hydrolyzed) dye which in the end adds to the discharge bath thus, polluting them. The waste 

water (effluent) treatment is a costly process and also it doesn’t do anything for reducing the 

amount of raw materials used. Modifications of cotton dyeing processes show significant 

environmental benefits but in many cases those processes require extensive capital and time 

in order to be beneficial to the industry. 

 In this paper in lieu of focusing on modification of cotton dyeing processes, 

modification of cellulose molecule was focused on and it was seen that how permanent 

cationic characteristics could be imparted on the cotton fiber. Permanent positive 

characteristic helps by eliminating the usage of salt from the dyeing process. Additionally, 

with using cationized cotton near complete utilization of applied dyestuff could be seen, and 

it is possible to use much less water for rinsing and washing off. Cationization here was done 

using 3-chloro-2-hydroxypropyl trimethyl ammonium chloride (CHPTAC) but even with the 

said advantages for cationized cotton there is not much industry shift towards it. In the 



current practice the cotton fabric is cationized by cold pad batch processing by using high 

quantity of alkali. Since, this processing technique requires overnight batching it is unpopular 

with textile mills as it occupies space on the production floor overnight. 

 In this work, cationization in exhaust was worked upon, and it was seen at what levels 

of alkali(s), processing time and processing conditions did the cationizing agent exhaust on 

cotton fabric. Level of cationization was gauged by measuring the Sum K/S values of the 

dyed samples. The comparison of Sum K/S values was drawn between uncationized dyed 

and cationized dyed samples. Also the comparison of Sum K/S values was drawn between 

cold pad batch cationized and dyed samples and exhaust cationized and dyed samples. This 

gave a clear idea of what levels of alkali, processing time and processing conditions worked 

for fixing CHPTAC on cotton fabric.
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1. Introduction 

 Coloration of textile goods is often accompanied by processes that pollute the 

environment and are unsustainable. The textile industry consumes a lot of water, energy and 

chemicals. It is not only an expensive process, but also pollutes the environment. Waste 

treatment is expensive and doesn’t address the problems of raw material consumption or 

exposure to certain chemicals. 

 Particularly dyeing cotton with the dye of choice, reactive dyes, requires large 

amounts of salt based on shade, that after exhausting the dye on the fiber remain in the 

discharge bath. In addition to salt, the hydrolyzed dye is also a huge part of the effluent and 

that too is in non-trivial quantities. 

 Academic researchers and the professionals in the industry have been striving for 

coming up with alternatives that are ecofriendly, consume less raw materials and energy and 

are more sustainable. However, not many of these have been commercialized because they 

may require large investments, and in some cases increased processing costs. 

 Nonetheless, cationized cotton presents itself to be one viable and sustainable method 

for reactive dyeing of cotton but the problem with cationization process is that it works best 

under cold pad batch conditions and the efficiency of the process is less than when applied in 

exhaust. This paper focuses on exhausting 3-chloro-2-hydroxypropyltrimethyl ammonium 

chloride onto the cotton fabric. 
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 In order to fully appreciate the opportunities provided by the cationized cotton, it is 

important to review cellulose, methods for coloration of cellulose, reactive dyes, and finally 

explore cationized cotton and how the reactive dyeing theory and chemistry may impact 

cationization of cotton, and hence, coloration of cotton goods. 
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2. Literature Review 

2.1 Cellulose 

 Cellulose has been the fiber of choice from the earlier days of mankind, history of 

cellulose dates back with the civilization itself. It is said to be the pioneer for many 

applications ranging from apparel to medical, which is why it is rightly termed as the “Jack 

of All” fiber 
1
. Cellulose is not only versatile but it is renewable as well. Based on the part of 

the world where it is cultivated, the fiber may have unique properties. For instance, Egyptian 

cotton fiber has a longer fiber length, which is responsible for its unique set of properties, and 

if it’s American then the fiber properties of the fiber are different. This is a puzzling fact 

because the cultivation process and the chemical structure of the fiber are similar. Depending 

upon the natural environment where it was cultivated, variables such as soil, humidity, 

sunlight etc. can contribute to the differences in the properties of the different kinds of cotton 

fibers. 
1
 

 Microscopic observation of the polymeric structure of cellulose suggests that it is a 

linear polymer with three hydroxy groups in each repeat unit. Two of which are secondary 

alcohols and the other is a primary alcohol. The primary hydroxy group in cellulose reacts 

readily and is responsible for many chemical reactions of cellulose 
2
.  

The structure of cellulose can be seen in the figure below 
1 
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Figure 1: Chemical Structure of β-Cellulose 

 

From the structure in Figure 1 it can be seen that cellulose has β 1, 4 – glucosidic 

linkages. Therefore, it is also called as β – Cellulose. These are cellulosic fibers used in 

textile industry; the base unit of cotton, when extracted from cotton flower and the base unit 

for flax if extracted from barks of the trees 
2
. The bonding and strength in cellulose based 

fibers could be attributed to its β 1, 4 – glucosidic linkages. 

 In addition to β – Cellulose there is another type of cellulose known as α – Cellulose. 

This type of cellulose has the 1, 4 – glucosidic linkages α to each other. These cellulosic 

structures are used as starches that impart extra body to cellulosic materials.  

Structure of α – Cellulose can be seen in Figure 2 below 
1
 

 
Figure 2: Chemical Structure of α-Cellulose 
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Usage of cellulose and its derivatives are widespread and therefore, the application 

for it can be seen in variety of industries. For instance, the acetate derivative of cellulose also 

called cellulose acetate could be used either as photographic film paper, wrapper coating, or a 

textile fiber, depending upon the degree of acetylation. On another instance, a derivative of 

cellulose, where a hydroxy group is replaced with an ethoxy group, the end product is ethyl 

cellulose its application can be seen as an additive in the food industry.
2
  

 In a nutshell, it could be said that cellulose and its derivatives are employed in a 

variety of industries and therefore, in a wide arena of applications. Thus, improvements and 

innovations are extremely necessary for usage and application of cellulose in order to keep 

the processing viable in every way i.e. easy, ecofriendly and budget constrained. 

 

2.2 Effect of Alkali on Cellulose 

 In wet conditions the secondary bonds between polymer chains of cellulose are 

broken. But due to intermolecular forces between the cellulosic chains and its rigidity, 

cellulose fiber does not degrade; instead it temporarily forms hydrogen bonds with water and 

swells 
2
. 

 When cellulose is brought in contact with alkali it forms an intermediate called alkali 

cellulose which is a deprotonated hydroxy group in cellulose. This is reactive and is 

responsible for most chemical reactions by cellulose.  

  Alkali cellulose can be seen as Figure 3 below 
1 
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Figure 3: Alkali Cellulose 

 

 

2.2.1 Chemical Reactions by Alkali Cellulose 

 

 

 Some of the reactions of alkali cellulose can be seen below: 

 

Protonation: 

 

      

 

 

Figure 4: Protonation scheme of alkali cellulose 

 

 

H
+
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Dyeing: 

 

 

Cell-O
-
     

 

Figure 5: Dyeing scheme for alkali cellulose 

 

2.3 Coloration of Cellulose 

 Cellulose based products are used in different applications mainly but not limited to 

apparel, functional textiles and many more. Roughly 50% of the total textile production is of 

cellulose based products 
3
. Therefore, coloration of cellulose is an extremely important 

process; coloration can either be for aesthetic or functional purposes. Which is why for a 

particular application, a particular type of colorant may be required.  

The colorant bonds with cellulose; either physically or chemically and ends up giving 

a colored substrate. It is imperative that the coloration process does not interfere with the 

consequent application(s) and/or usage. 

 There are different types of colorants available for coloration of cellulose. They can 

be classified as natural and synthetic 
4, 5

. The market for both types of colorants is large, and 

therefore, based upon product requirements type of colorant is decided. 
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 Cellulose can be colored using pigments, and dyes. There is no single method of 

coloring cellulose based fibers, due to their high affinity they can be colored with numerous 

dye classes in a variety of applications 
2
. Therefore, based on the functionality of the end 

product, the method of coloration is decided. Thus, understanding the advantages and 

disadvantages of cellulose coloration methods is of immense importance. 

 Different types of colorants that are used for cellulose are discussed further in this 

paper. 

 

2.3.1 Pigments 

 Pigments are water insoluble colorants which are applied onto fabrics by the aid of 

binders, which act as a bridge between cellulosic fiber and the pigment colorant. Pigment 

particles have large surface area and are insoluble in water. Because of their insolubility the 

colorant by itself cannot bond with the cellulosic fiber.  

For ease of processing, pigments are dispersed using dispersing agents, which 

disperse the pigment particles in the system and then a binder attaches this system onto the 

fiber, i.e. the whole colored system adheres to the fiber 
7
.  

 This coloration system gives a decent color gamut, but the problems affiliated with 

this coloring system are ones which cannot be circumvented. For one, when pigment based 

systems are released as effluents in the water streams they are very hard to break down and 

cause permanent coloration 
7
. Dyeing with pigment stains the machine which is why after 
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each run it needs to be cleaned, which wastes lot of time and resources, such as energy, 

water, etc. thus, making pigment dyeing unfavorable. 

Since the pigments are bound to cellulosic fibers via binders therefore, inherent 

fastness properties of end products are not satisfactory. This is why whenever cellulosic 

fabrics are dyed via pigments they are after treated with certain auxiliaries so their fastness 

properties could be improved. 

 

2.3.2 Direct Dyes 

 The name defines that the dye in this case is applied directly on the fabric. This class 

of dyes shares a major part in coloration of cellulose based fabrics 
7
.  

The dye molecule of a direct dye is large when compared to other dye classes and is 

applied on the fabric using salt and fixing agents as auxiliaries. The dye-fiber bonding in this 

case is secondary bonding, such as Vander Waal's and hydrogen bonding 
8
.  Therefore, until 

after-dyeing treatment is done, wet fastness of the direct dyed fabric is in fact quite poor. 

 Technologically, direct dyes are becoming obsolete except in specialty applications, 

such as automotive upholstery attributing to their excellent light fastness 
9
. Typical discharge 

from the direct dyeing procedure involves dyestuff, salt and dye fixing agents 
10

. 
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2.3.3 Vat Dyes 

 Vat dyes are an intriguing type of dye; they mainly have two kinds of chromogen 

systems, indigoid and anthraquinoid based 
12

. In their original form they act as pigments as 

they don’t dissolve in water 
8
. Because of the limited chromogenic systems, hues from this 

class of dye are limited. 

Before dyeing cellulose with vat dye, the dye needs to be reduced usually by sodium 

hydrosulfite or sodium dithionite (Na2S2O4) and sodium hydroxide (NaOH) to its soluble 

leuco form so that the fabric can be dyed easily and efficiently. After dyeing is complete, the 

dye is to be reoxidized; this could be either done by air oxidation or by adding an oxidizing 

agent such as, hydrogen peroxide (H2O2) and attaining the original color but since the dye 

has already penetrated in the fiber pores, the color regeneration is in the fiber pores thus, 

dyeing the cellulosic fibers. 

The fastness properties of the anthraquinoid based vat dyed fabrics are supposedly 

better due to the entrapment of large insoluble dye particles in the polymer chains. A typical 

discharge of vat dyed fabric may contain residual dye stuff, reducing agents, oxidizing 

agents, detergent and salt 
10

. 

 

2.3.4 Sulfur Dyes 

 They are an economic class of colorants mainly for dark hues of black, navy and 

greens. In the case of sulfur dyes each dye’s composition is different and is a mixture of 
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many structures, which are usually unknown.  They are like vat dyes i.e. they are needed to 

be reduced but these dyes are reduced with milder reducing agents such as sodium sulfide 

(Na2S) and sodium hydrosulfide (NaHS) 
12

; in case of sulfur dyes the color achieved in the 

substrate is because of the S – S bond of sulfur in the dye structure. When these are reduced 

to leuco form they lose their original structure, upon dyeing and reoxidation they form new 

S–S bonds which are responsible for their shade 
12

. 

Sodium sulfide is a dangerous chemical and may produce hydrogen sulfide upon 

acidification, a poisonous gas. In case of reduction with either of the reducing agents it 

produces a pungent pollutant smelling of rotten eggs as well as effluents 
9
.  

The fastness properties from sulfur dyeing are poor to moderate and therefore, are 

required to be after-treated 
12

. A typical effluent discharge from sulfur dyeing contains 

dyestuffs, sodium sulfide, alkali, and salt 
10

. 

 

2.3.5 Natural Dyes 

 As the name suggests these colorants are extracted from the nature, such as leaves, 

fruits, vegetables, roots etc. These dyestuffs were the pioneers to the concept of coloration 
5
.  

For instance a reddish-orange hue was extracted from carrots and applied on fabrics. Also 

colors from flowers were extracted and used as dyes for dyeing cellulosic fabric. 

The major problems with natural colorants are the quantity of color, the price to 

obtain it and the processing parameters and conditions. Since nature is a fickle entity, the 

colors obtained from the same source may change seasonally depending upon the 
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environmental conditions and other variables, therefore, further processing is required for 

using natural colorants 
7
. Another variable that renders natural colorants non-viable is the 

processing parameters for extracting and applying color to the cellulosic substrate cannot be 

uniform for every colored entity. 

Natural colorants have been researched a lot, particularly on how to improve their 

processing, extraction and application. 

 

2.4 Reactive Dyes 

 Reactive dyes are the colorant of choice for coloration of cellulosic textile goods, 

especially when dyeing fabrics for making garments 
10

. There is a wide range of the 

availability of reactive dyes, based on color and chemistry. This dye class is superior to any 

other dye class available for cellulose or cotton goods 
12, 13

. Because of the strong and stable 

bonds with cellulose, the wet-fastness properties of the reactive dyed cotton are good to 

excellent 
2
. Unfortunately, with all the benefits that reactive dyes and reactive dyeing have to 

offer, they are polluting the environment by using high quantities of salt, and water for 

processing reactive dyestuffs, details for which are discussed further in the paper. 

 

2.4.1 Structure of Reactive Dye 

 Generally, reactive dye structures are comprised of the following main components
12

: 

 

Chromogen; color bearing part of the dye 
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Reactive system; part of the dye molecule responsible for the covalent bonding between dye 

and fiber 

Bridging Group; it bridges the chromogen and the reactive system which ultimately makes a 

macromolecule ready for the dyeing process 

Solubilizing Groups; they are the solubilizing groups in the system that makes the dye 

soluble in water and makes the process of dyeing possible 

2.4.2 Reactive Dyes: Introduction  

Concept of reactive dyeing has been around for more than hundred years, after 

successful dyeing of cellulosic fibers with mordant in 1880s 
2
 the research began for 

attaching the dye with the fiber without mordant. 

 While developing reactive dyes researchers were able to develop azo dyes in situ, a 

remarkable achievement in this arena 
2, 8

. But using them for cellulose was not an option 

because of their degradative effect on the fiber, hazardous solvent media, vigorous reagents 

and/or reaction conditions.  

 In the 1950s after successful marketing of Remalan (HOE) vinylsulfone reactive dye 

range capable of reacting with wool, ICI was able to successfully devise a reactive dye 

system for successfully dyeing cellulosic fibers with reactive dyes 
2, 12

. 

 The figure below will further elucidate the structural features of dichlorotriazine 

(DCT) based reactive dyes CI Reactive Red 1 
12

: 
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Figure 6: CI Reactive Red 1 

  

 For reactive dyeing of cellulose first alkali cellulose needs to be prepared, which is 

done by immersion of cellulose in alkali and making cellulosate anions, and immersing it in 

the dye bath containing a solution of reactive dye, to ensure covalent bonding of dye with 

cellulosic fabric.  

After achieving this generic process many modifications were done in the reactive 

dyes and dyeing systems, which led to the current face of reactive dyeing industry 
2, 12

. 

 As shown in the figure Cl
-
 leaves the system and by nucleophilic substitution reaction 

the cellulosate anion attaches with the colored system hence, giving colored substrate. 
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2.4.3 Reactive Dye: Chemistry 

While the work was being conducted on improving the coloration process with 

reactive dyes, new reactive systems were researched i.e. reactive systems other than 

dichlorotriazine (DCT) were synthesized that included but not limited to; aminochlortriazine 

(MCT), aminofluorotriazine (MFT), etc. Therefore, after a considerable amount of research 

in this arena, it could be generalized and said that today two major reactive classes are used 

in reactive dyeing industry one haloazine based derivatives and the other sulfatoethylsulfone 

based derivatives 
12

. 

 Sulfatoethylsulfone by itself is not a reactive species but under alkaline conditions the 

sulfatoethylsulfone converts into vinylsulfone which is the reactive species and by the means 

of nucleophilic addition reaction it attaches to cellulosate anion. 

 Activation of vinylsulfone could be understood by following scheme 
2
 

 

 
Figure 7: Activation Scheme for Vinylsulfone 

 

 Upon further research it was seen that when dyeing with reactive dyes two 

simultaneous reactions take place, one is fixation of the dye on fiber and other is hydrolysis. 

Hydrolyzed dye is a waste product because when the dye gets hydrolyzed it does not react 
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with cellulosate anion. Hydrolysis of the dye is inevitable because the leaving group of the 

reactive dye leaves, and the dye reacts with a hydroxyl ion either cellulose or water 
2
.  

 The aforementioned reactions could be better understood by the following two 

schemes, first scheme explains of competing reactions of DCT between dye fixation and 

hydrolysis 
9
: 

 

 

Figure 8: Competing reactions for DCT based dyestuff 

 

And the second scheme shows the competing reaction with vinylsulfone dyes: 
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Figure 9: Competing reactions of vinylsulfone based dyestuff 

 

Therefore, to minimize hydrolysis of dye, salt is added to the system which overrides 

the zeta potential and ensures maximum availability of cellulosic hydroxyl groups to the dye 

and thus, lowering the amount of dye being hydrolyzed 
7
. Thus, after processing is complete, 

washing off of unfixed and hydrolyzed dye is required and this accounts for maximum water 

usage while rinsing. The hydrolysis of DCT is irreversible, but with vinylsulfone if dye is 

hydrolyzed in presence of anhydrous heat, the vinylsulfone group could reform and fix on 

cellulose. 
12

 

 

2.4.4 Reactive Dyeing: Problems 

Fiber reactive dyes are known for dyeing with large quantities of salt, dye, water, 

time and in case of hot reactive dyes a lot of energy 
12

. Thus, proper processing parameters 
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are needed to be understood. In addition to this, proper effluent treatments are also needed to 

be ascertained so that the waste being discharged doesn’t affect the environment in any way. 

 

2.4.4.1 Salt 

 Dyeing of cellulosic fiber with reactive dyes requires large quantities of salt. When 

the cellulosic fiber is immersed in water it acquires a partial negative charge and reactive 

dyes being anionic in nature are not substantive towards the fabric. This phenomenon is 

called zeta-potential, therefore, in order to overcome the zeta-potential salt is added to the 

reactive dyeing bath 
7
.   

 Quantity of salt is decided based on the shade required on the fabric; if deep shade is 

required then the quantity of salt can be as high as 100g/l 
9
. After dyeing is complete, the dye 

bath is discharged in open streams and with this quantity of salt in the bath it is not 

environmentally friendly. High amounts of salt and alkali are dangerous to aquatic life in 

fresh water. Thus, impacting wildlife and in some probability human life as well, as the 

species of aquatic life and wildlife are integral parts of food chain 
9
. The effluent therefore, 

must be treated, i.e. desalinized but the cost of desalination makes it an unattractive option 

from an economic standpoint.  
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2.4.4.2 Water 

 As explained in reactive dyeing chemistry earlier that two competing reactions of 

fixation and hydrolysis are simultaneously taking place while dyeing with reactive dyes, the 

hydrolysate (hydrolyzed dye) is needed to be removed from the dye bath or it would affect 

the fastness properties of the final dyed fabric.  

Washing off reactive dyed substrate is commonly done in three stages 
15

; first the salt 

in the bath is diluted, then the fabric is soaped at high temperature, which breaks the 

hydrogen bonds between the fiber and  the hydrolyzed dye, and thirdly rinsing of the overall 

fabric residue. 

 Once the fabric is washed the water is drained out of system, which is the wastage of 

natural resources. The soap used in washing does improve the fastness properties of the 

fabric but it greatly increases the organic pollution in the effluent 
16

. 

 

2.4.4.3 Alkali 

 Almost all reactive dyes use alkali for exhaustion and bonding of reactive dyestuff 

with cellulosic fiber, resulting in large amounts of alkali being discharged.  In some cases the 

fabric is never neutralized, neutralization is usually done for vinyl sulfone based reactive 

dyestuffs. Based on the reactive dye chemistry, the nature of alkali is decided, in cases like 

fast reacting DCT the dye will fix by means of a milder base like sodium bicarbonate 

(NaHCO3) and in cases for vinyl sulfone based dyestuff the dye will fix using a much 

stronger base such as sodium hydroxide (NaOH) 
12

. 
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2.4.4.4 Color 

 When dyeing with reactive dyes there is almost 20-70% chance of the dye being 

hydrolyzed and get wasted and this is one of the major constituents of the effluent being 

discharged 
17

. Color is one treatable albeit an expensive waste product. When the hydrolyzed 

dye is discharged in natural water it is immediately dispersed, because of the high degree of 

water solubility of reactive dyestuffs. 

 There are several ways to decolorize the reactive dyestuff, one of which involves 

chemical oxidation. Upon oxidation the chromogen may break and resultant may end up 

being more toxic than the base chromogen 
2
. 

 

2.5 Application of Reactive Dyestuff 

 Application of reactive dyestuff is an important factor when discussing reactive 

dyeing, since most of the development in the arena of reactive dyes was done to meet the 

requirements put forth by new application methods. The need for reactive dyed materials 

increased with time; therefore newer methods for dyeing were developed. 

 There are mainly three ways of dyeing cellulosic fibers with reactive dyes: 

 Exhaust Application 

 Continuous Application 

 Semi Continuous application 

Each of these application procedures are briefly discussed below 
2
. 
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2.5.1 Exhaust Application 

 Exhaust application is also known as batch-wise application. This form of dyeing 

conventionally entails three stages: 

 Exhaustion from aqueous bath containing electrolyte, normally done under neutral 

conditions 

 Addition of alkali to promote uptake and at the optimum pH and temperature the 

cellulosic fiber bonds with dye 

 Washing off of the unfixed and hydrolyzed dye, excess electrolyte and alkali 

 

Above are the basic steps of dyeing via batch-wise application. This method of 

dyeing involves constant circulating the dye bath in order to properly exhaust the dye onto 

the cellulosic fiber. Based on the goods to be processed the machinery required is decided.  

When the fabric is woven it can be dyed using winch or jet machines. If the fabric to 

be dyed is knitted then it is processed in jets. If the fabric is open width it could be dyed 

using jig machines.  

In a nutshell, based on the fabric to be dyed, the machine to be used can be decided. 

Each machine has optimum parameters in terms of liquor to goods ratio, temperature 

constraints, time for processing, etc. Novel methods of processing fabrics were developed to 

lower the liquor ratio in the machines such that the effluent discharge quantity is lesser and 

the processing cost of that effluent is minimum. Additionally, while processing batch-wise 

the machinery used for preparation i.e. desizing, scouring and bleaching, can also be used for 

dyeing, and therefore, special machines are not required. 
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Reactive dyeing is complicated therefore, when dyeing batch-wise some commonly 

encountered problems are: 

 Insufficient agitation 

 Variable liquor ratio 

 Lack of control of temperature 

 High energy consumption 

 Large amounts of chemicals 

 Large volume of waste 

 High manual operation 

 

Above are the factors that may cause non-uniform dyeing with high wastage and high 

energy losses, and therefore, higher cost of processing. In batch-wise dyeing reproducibility 

of shade is possible but a lot of variables are to be accounted for. Variation in any of the 

factors can cause the shade to change completely. 

When dyeing using reactive dyestuffs in order to achieve certain colors more than one 

dyestuff is required. For instance, to achieve dull green color on the fabric blue and yellow 

dyes are needed to be mixed together in a calculated proportion that is called dichromatic 

dyeing where one color is achieved using two different precursors. Another instance, for 

obtaining olive green colors all three primaries blue, yellow, and red are needed in particular 

quantity that is called trichromatic dyeing where a resultant color is obtained using three 

different precursors. One of the major advantages of dyeing batch-wise is easily achieving 

dichromacy and trichromacy when compared to other dyeing methods. 
2
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2.5.1.1 Types of Exhaust Application 

 There are three types of exhaust application: 

 One bath-one step 

 One bath-two step 

 Two bath-two step 

 

Details of these applications can be found below: 

2.5.1.1.1 One bath-one step 

 In this type of exhaust processing everything involved, i.e. all the chemicals are put in 

the bath at one time and the processing is done in one step 
12

. For instance, when desizing the 

cotton fabric using Synthazyme® HS-T enzyme, the enzyme and the auxiliaries such as, salt 

and wetting agents all are added to the bath at the same time. Then the bath is heated to 80 
o
C 

and maintained for 30 minutes 
9
.  

 Above is a good example for one bath-one step processing. It is not limited to the 

pretreatment of the fabric but it is also applicable when dyeing or finishing in exhaust 

processing. 

 

2.5.1.1.2 One bath-two step 

 This type of processing is done when the chemicals involved in the process are added 

in the system in multiple steps but the bath is kept same 
9
. For instance, when reactive dyeing 
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conventionally i.e. using salt with Drimarene K dyes; at first the fabric is agitated for a 

certain period of time with salt, then amount of dye based on the percent shade requirement 

is added and the agitation is continued then the alkali is added in incrementing dosage. After 

that the temperature is increased to 60 
o
C where it is maintained for 40 minutes 

12
. 

 The above mentioned example is one aspect of one bath-two step processing in 

exhaust. This is not limited to reactive dyeing of cotton and its application can be seen in 

preparation and finishing processes. 

 

2.5.1.1.3 Two bath-two step 

 This type of processing involves changing the liquor bath, i.e. after achieving a 

desired result with one chemical, bath is changed before beginning working for another 

objective 
9
. For instance, after direct dyeing, treating the dyed substrate with resin to impart 

fastness properties, or even metallization process where the dye is linked to the substrate with 

the aid of a metal 
9
. 

 This is one of the oldest techniques when processing fabrics in exhaust and can be 

used for virtually any sort of preparation, dyeing and finishing applications. 

 

2.5.2 Semi-Continuous Application 

 This application method is basically an intermediate between exhaust and continuous 

method. In this type of application the fabric is padded and is batched for 2-24 hrs. (Based 
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upon the dye and its substantivity). It is commonly known as the pad-batch application 

process. 

 The generic sequence of the pad-batch application is: 

 Padding of reactive dye and alkali on the fabric at a set temperature 

 Uniform squeezing of the fabric so that no liquor remains as a surplus on the fabric 

 Wrapping the impregnated fabric in a polythene bag, and batching for the desired 

time (based on dye molecule reactivity and pH) 

 Washing off of unfixed dye 

 Drying the fabric 

 

The concept behind introducing the pad-batch dyeing system was to control the 

hydrolysis rate and reduce the water consumption 
2
. 

A major issue with dyeing at pad mangle is tailing, i.e. the hue is deeper at first and 

after sometime it gets lighter based on the dye’s affinity to cellulosic fiber. This can be a 

serious issue when doing dichromacies and trichromacies.  

Nonetheless, this process minimizes water consumption and usage of chemicals in 

large dosages. When dyed pad-batch using monofunctional dyes the color yield is usually 

less in comparison to batch-wise processing 
2
.  

However, even with the above mentioned benefits of pad-batch processing, it is not 

favored by textile industry at large, because of the batching time required since while 

batching the padded fabric is sitting on the production floor, stopping production and causing 
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a down time which is not favored by the textile industry. Pad-batch processing has the lowest 

productivity when compared to other processing methods 
2
. 

 

2.5.3 Continuous Application 

 In this form of dyeing the fabric is either padded-dried or padded-dried-cured and the 

fabric is ready for further processing. Since this process has the most economic advantage, it 

is used to dye fabric in bulk quantity 
2, 3, 12

. The minimum length for dyeing in this 

application is approximately 10,000 meters. 

 The dye-fiber reaction here takes place rapidly in the presence of minimum amounts 

of concentrated alkali. The dwell times are sufficiently short as the fabric is passed through 

the conventional dryer. The first pad-dry process was developed for a DCT based reactive 

dye in the presence of sodium bicarbonate (NaHCO3) 
2
. 

 After the development of aminochlorotriazine based reactive dyes, it was seen that 

the pad-dry process was unsuccessful, so pad-dry-cure/pad-dry-bake system was developed. 

In this case, after the dye is padded along with alkali, the fabric is dried and then cured at 

high temperature for a certain period of time, hence ensuring dye-fiber bond. 

Recent developments are being done for curing the padded-dried substrate, i.e. 

instead of conventionally curing the fabrics in an oven at high temperature; they are cured via 

microwave or radio frequency, and based on this system almost all of the reactive systems 

showed adequate results 
2, 3

. 
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 The major drawback in this form of dyeing is that there are high chances that dye will 

not migrate into the fiber but just adhere to the surface, and thus cause fastness problems. 

Also there is a high chance that the dyed fabric will have face to back difference, side center 

variation and tailing problems.  

 Nevertheless, whenever bulk production is talked about, this method of dyeing is a 

preferred choice as it deals with bulk quantities in less time. 
2, 3

 

 

2.6 Cationization of Cotton  

 In order to decrease the amount of effluent from dyeing and to eliminate the usage of 

salt while dyeing, research was done to create positive sites on cotton so that, anionic dyes 

can react with them in near neutral conditions.  

 Schematic representation for dyeing of cationized cotton can be seen below: 

 

         Cellulose Fiber 

         Cationizing Agent 

         Cationized Fiber 

         Dye-SO3
-
 

Dye-SO3
-
 Dye-SO3

-
 Dye-SO3

-
 Dye-SO3

-
 

         Dyed Fiber 

 

Figure 10: Schematic representation of dyeing with cationized cotton 
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+ + + + + + + 

+ + + + + + + 
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It was reported in literature that treatment of cellulose with amines resulted in higher 

dye uptake with anionic dyes. Schlack 
18

 in the 1930’s reported that if cotton was treated with 

ammoniated epoxy groups, the affinity of anionic dyes towards cotton increases. 

 In the late 1980’s Burkinshaw 
19

 indicated the possibility that if polyepichlorohydrin 

(PAE) resin were used on cellulosic fabric, then the fabric could be dyed under near neutral 

conditions and it also yielded higher fixation. The cationic dyed cotton had excellent wash 

fastness but the light fastness was unsatisfactory. Further work was done by means of 

introducing newer chemicals, and process modifications, all aimed towards improvement of 

fastness properties. However, all of it yielded either very little or no improvement in the 

fastness properties. 

 Hauser and Tabba 
7
 studied the dyeing behavior and economical aspects that have 

come from rendering cellulose cationic by reaction with 2, 3-epoxypropyltrimethyl 

ammonium chloride (EPTAC). They reported that with CHPTAC as cationizing agent, 

cellulose showed outstanding dyeing wet fastness properties without compromising the light 

fastness properties.  

Further work on this topic showed that dyeing could be accomplished without using 

electrolytes; almost 100% dye is utilized when cationized cotton is used. Also the amount of 

dye required to achieve a particular shade is significantly less when dyeing with cationized 

cotton when compared to conventional dyeing. 
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2.7 Cationized Cotton Chemistries 

 Over the course of time, researchers have looked at many different cationizing 

reagents that include:  

 

Polyaminochlorohydrin quaternary amino salts 
41

,  

 

 
Figure 11: Poly-aminoepichlorohydrin quaternary ammonium salt cationic reagent 

 

 Phenyl monochlorotriazinyl based structures 
42

 

 

 
Figure 12: Phenyl monochlorotriazinyl cationic reagent 

 

 3-methylacrylaminopropyltrimethylammonium chloride (MAPTAC) 
43

,  

 

 
Figure 13: MAPTAC cationic reagent 
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Acryloyloxyethyl trimethyl ammonium chloride 
44

 

 

 
Figure 14: Acryloyloxyethyl trimethyl ammonium chloride 

 

Methacryloxylethyl trimethyl ammonium chloride 
44

 

 

 
Figure 15: Methacryloxylethyl trimethyl ammonium chloride 

 

Methacryloylamminopropyl trimethyl ammonium chloride 
44

 

 

 
Figure 16: Methacryloylamminopropyl trimethyl ammonium chloride 

  

And various other non-disclosed trade names as well 
20

. 

  

In addition to these, some non-permanent methods of cationization are also used to 

minimize usage of salt in dyeing with anionic dyestuff. They are mainly cationized starch 

and block copolymers of polyethylene oxide and quaternary amines.  
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 All the reagents discussed above have their pros and cons, and can be generalized as, 

higher the complexity of the reagent, more steps will be required to synthesize it, resulting in 

higher cost for reagents.  

 3-chloro-2-hydroxypropyltrimethylammonium chloride (CHPTAC) has been found to 

be a good choice for cationization of cellulose. 

 
Figure 17: 3-chloro-2hydroxypropyltrimethylammonium chloride (CHPTAC) 

 

2.8 CHPTAC  

 Utilization of CHPTAC as the cationizing reagent for cotton is well recorded in the 

literature 
3, 7, 21, 22, 23, 24, 25, 26, 27, 28, 29

. CHPTAC has not only found its usage in coloration for 

cellulose but it is also widely used in cationization of starch, ionic wrinkle reduction 
21

 and 

cationization of cotton for printing 
22, 23, 27

 
,28, 29

.  

CHPTAC is formed from the reaction of epichlorohydrin and trimethylamine 

hydrochloride, shown below 
30

: 

 
Figure 18: Synthesis of CHPTAC 
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After the synthesis of CHPTAC is complete, it is never completely pure and generally 

it comprises of the following impurities 
32

: 

 

Table 1: List of impurities in CHPTAC 

 

2.8.1 Reaction of CHPTAC with Cellulose 

 CHPTAC itself is not reactive with cellulose. For CHPTAC to react with cellulose, it 

needs to be made into its reactive epoxide form, epoxypropyltrimethylammonium chloride 

(EPTAC) as shown below: 

 

 

CAS Number 

 

Chemical Name 

 

Content 

 

34004-36-9 

 

2,2-dihydroxypropyltriammonium chloride (DIOL) 

 

<1.5% 

 

55636-09-4 

 

Bis/trimethylammoniumchloride-2-hydroxypropane 

 

1.3-4% 

 

106-89-8 

 

Epichlorohydrin 

 

<10 ppm 

96-23-1 1,3-dichloro-2-propanol 

<20 ppm, exceptionally 

<50 ppm 
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    CHPTAC        EPTAC 

 

Figure 19: Conversion of CHPTAC to EPTAC 

Once EPTAC forms it reacts with cellulose under alkaline conditions to give stable 

ether linkages with cellulose or it gets converted into an unreactive diol. Reaction schematics 

can be seen in Figure 20: 

 
Figure 20: Reactions of EPTAC 
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However, it can be seen from the above schematic that hydrolysis of EPTAC is also 

possible under alkaline conditions resulting in an unreactive diol. The first mention of 

etherification of cellulose dates back to the 1920’s 
33

 although there is a doubt that the 

reaction was understood to be of epoxide functionality 
34

. The first reference to epoxy 

aminated cellulose and improved dye uptake of acid dyes was reported in 1938 
35

. Studies 

about the reactivity and stability of alcohols (including cellulose) and epoxides are well over 

80 years 
36, 37

 
,38

 .The epoxides are described as spring loaded reactive group, and thus, shown 

to have high reactivity. With coupled quaternary ammonium charge on the cellulose chains, 

the treated cotton can now attract and bind virtually with any anionic dyestuff. Because of the 

water solubility through sulfonic acid groups, almost any type of water soluble dyestuff 

(reactive, direct or acid) can bond with cationized cotton. 

 

2.8.2 Application of CHPTAC 

 CHPTAC can be applied on the fabric with same processing techniques as utilized for 

preparation, dyeing and finishing of textile goods. Pad-steam, pad-batch, pad-dry-cure, and 

exhaustion are techniques that have been reported in literature to cationize cotton goods 
39

.  

 According to literature the cold pad-batch method gives the highest percent fixation 

and utilization of CHPTAC 
39

. In the sections to be followed it will be called as conventional 

processing. It is unlikely that the global textile industry accepts cold pad batch applications 

with comfort. However, it can be said that there is consensus for application of CHPTAC via 

cold pad batch processing. Nevertheless, an efficient exhaust application of CHPTAC would 



35 

 

be highly desirable and this paper focuses on achieving efficient application of CHPTAC in 

exhaust. 

 

2.8.3 Reagents used in the application of CHPTAC 

 CHPTAC is applied on the fabric with the aid of sodium hydroxide (NaOH) because 

it is a mandatory compound for conversion of CHPTAC to EPTAC 
4, 8, 15

. Exact amount of 

NaOH in cold pad batch application has always been up for debate in the academic circles 

therefore, perfecting the amount of NaOH and looking at its application in an exhaust process 

was one of the major objectives for this project. 

 

2.8.3.1 Usage of NaOH 

 NaOH is used extensively in the textile industry; be it alkali boil for scouring, or 

auxiliary for peroxide bleaching. Alkali is required to convert CHPTAC to EPTAC and the 

obvious alkali choice was NaOH when cationization of cotton is considered as it is basic in 

nature and provides the hydroxyl ion for the conversion to EPTAC. It also creates the 

bonding sites on cellulose by converting cellulose into alkali cellulose. 

 Upon calculating molar ratio for NaOH:CHPTAC it was observed that amount of 

NaOH used in comparison to amount of CHPTAC used was in molar excess. Thus, NaOH 

converted EPTAC but instead of fixation on cellulose the EPTAC was getting hydrolyzed by 
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the excess –OH of alkali. Thus, an optimum alkali concentration was required to convert 

CHPTAC to EPTAC and assure fixation of EPTAC on cotton. 

 Amount of NaOH to be used was taken from following line eq. 
46

 

y = 0.3x + 25 

 Where y is the amount of NaOH required for x amount of CHPTAC. Additionally, it 

is also needed to be said that the mole ratio varies with variation in x. 

 Upon calculation of molar ratio for above situation it could be seen that 

NaOH:CHPTAC molar ratio is 3.34 units higher, which is why converted EPTAC is getting 

hydrolyzed instead of getting fixed on the cotton fiber. Thus, calculations were made for 

equimolar and near equimolar concentrations of NaOH:CHPTAC such that the rate of 

hydrolysis is less and the rate of fixation to cotton is higher.  
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3. Project Proposal  

 Literature is full of academic and industrial examples about cationization of cotton 

and the improvements it provides for sustainable practices in dyeing of cotton. However, 

even with all the reported benefits of cationization the textile industry globally is reluctant to 

shift its approach towards cationization primarily because of its cold pad batch processing 

method. The following research was devised keeping that in mind, and this report will try to 

bridge the knowledge gaps which are present pertaining to the subject and will also show the 

viability of cationization of cotton in a typical textile mill setup.  

 

3.1 Application of CHPTAC 

There is a consensus amongst the researchers who have worked with CHPTAC for 

cationization of cotton, that so far the best way to cationize cotton is via cold pad batch 

processing. As was seen in papers such as 
3, 7

 and multiple others, that the results obtained via 

exhaust processing were poor.  

Even though existing application parameters yield better results in cold pad batch 

processing, the problem with cold pad batch processing is that it requires batching 

equipment, batching space, and longer dwell times. Thus, in a fast paced production setup 

renders cationization unviable. 

 Researchers are keen on achieving optimum results from cationization when 

processed in exhaust applications as it could be easily done and will not require special 

equipment or longer dwell times.  
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3.2 Premise 

 When dyeing with reactive dyes alkali is added to the system in doses to help the 

reactive dye to fix on cellulosic fiber. Upon studying literature for CHPTAC, it was seen that 

EPTAC reacts with cellulose in a similar way as a reactive dye does. This gave the initial 

idea of exhaust cationization.  

Experiments were designed with the idea that CHPTAC and NaOH can cationize 

cotton fabric using exhaust application procedure. The results were found to be poor. This is 

why new experimental setups were designed considering EPTAC a type of a colorless 

reactive dye-like compound, with the amount of NaOH and other alkali(s) adjusted to help 

fix the reactive system onto cellulosic fiber. All of which was done on a 2:1 liquor to goods 

ratio in a Mathis laboratory jig machine. 

This way the amount of alkali used was sufficient to activate the system and facilitate 

in reaction of EPTAC with cellulose and therefore, ensure proper cationization. 

 

3.3. Analysis of Cationization 

In lieu of determining nitrogen content via the Kjeldahl method, K/S values of the 

dyed samples were measured to estimate cationization 
15

. Control samples were 

conventionally dyed using reactive dyes with salt, and cold pad batch cationized i.e. existing 

practice. Sum K/S values for those were measured and then compared to the experimentally 

cationized reactive dyed samples. 
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The Kubelka-Munk theory of color physics 
47

 illustrates that function K/S could be 

given as: 

K/S = (c1K1 + c2K2 + c3K3 + … + Kn) / Sn 

 Where, c: concentration of colorants, K: absorption coefficients, S: scattering 

coefficients and 1, 2, 3 … n identifies the individual colorants 

 Kubelka-Munk theory assumes that colorant on substrate reflects and scatters the 

light and the light loss at the edges is neglected 
47, 48

. It also assumes that there is a uniform 

distribution of dyes and pigments throughout the sample and there is an absence of 

interaction between them. Hence, K/S function leads to non-linearity at high concentration 

with low reflectance values.  

 To calibrate the colorants the textile substrate is dyed at different concentration of the 

colorants and read in spectrophotometer to obtain a reflectance at each interval of the 

wavelength in visible spectrum as a function of colorant concentration. 

 The relationship between K/S and reflectance can be given as: 

f (R) or K/S = (1 - R∞)
2 
/ 2R∞ 

 Where R∞: reflectance of light of a given wavelength by sample of infinite thickness. 

 Although the relationship between reflectance and dye concentration is nonlinear, the 

relationship between the K/S and dye concentration is near linear for most dye-fiber systems 

within a defined range as shown in Figure 21 
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Figure 21: Plot of K/S vs. dye concentration 

47
 

 

Thus, a comparison was made by measuring the color yield sum K/S values of the 

dyed samples. 

 

3.4 Conditions of K/S measurements 

 K/S was measured using spectrophotometer color i7. The wavelength ranged from 

360 to 750 nm. The conditions while reading the sample were as under: 

 Reflectance Mode 

 Specular Condition Included 

 Slit Diameter of 25 nm was used 

 UV energy excluded 

 Average of 4 readings 
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 Across the visible spectrum of 360 to 750 nm with 10 nm intervals 
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4. Experiments & Results 

4.1 Materials 

 100% cotton twill greige fabric was obtained from Cotton Inc. the fabric weighed 282 

grams per sq. meter (gsm). Auxiliaries, chemicals and dyes used in the experiments are listed 

in Table 2 

 

Table 2: List of Chemicals, Auxiliaries and Dyes 

 

List of Chemicals and Auxiliaries 

S. No. Name Use Supplier 

1. CR-2000 (65%) 

CHPTAC   

(Cationizing Agent) 

Dow Chemicals 

2. Sodium Hydroxide (50%) NaOH (Alkali) Brenntag 

3. Sodium Sulfate 

Glauber’s Salt 

(Electrolyte) 

Brenntag 

4. Stabilizer Stabilizer (Bleaching) 

Yorkshire Americas, 

Inc. 

5. Sodium Carbonate Soda Ash (Alkali) Brenntag 

6. Carboxymethyl cellulose (size 8) 

CMC             

(Levelling Agent) 

Rohm & Haas 

7. Hydrogen Peroxide H2O2 (Bleaching) Brenntag 

8. Acetic Acid (99.85%) Acid Brenntag 
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Table 2 continued 

List of Dyes 

S. No. Product Name CI No. Supplier 

1. Drimarene Yellow K-2R Reactive Yellow 125 Clariant 

2. Drimarene Blue K-2RL Reactive Blue 209 Clariant 

3. Drimarene Red K-4BL Reactive Red 147 Clariant 

 

The main objective of this project was to achieve combined preparation and 

cationization because it’s highly desirable and curtails the amount of waste effluents in 

textile discharge. Therefore, the experiments were designed to keep the variables at minimum 

levels and to achieve combined preparation and cationization in exhaust processing, also 

keeping in mind that CHPTAC does not work on its own but functions with the aid of 

NaOH
3
. The amount of NaOH used is extremely crucial because on one hand it converts 

CHPTAC to EPTAC but on the other hand it also provides OH
-
 ions to the system that may 

lead to hydrolysis instead of fixation. Therefore, the amount of alkali to be used had to be 

optimized and the experimental setup was to be designed in such a way that maximum 

fixation of EPTAC to cellulose could be ensured. 

It is already accepted widely in literature that CHPTAC works best in cold pad batch 

conditions 
4, 8, 22, 26

 and the amount of alkali required to cationize is considered to be optimal 

but by varying the amounts it can be seen if it could be optimized any further in cold pad 

batch processing and then the new level of alkali could be used in exhaust processing. 
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Preliminary experimental setups were designed to see whether cotton fabric was 

cationized in cold pad batch processing with varying alkali levels.  

 

4.2 Preliminary Experiments 

 Using 40g/l CHPTAC concentration was inspired from the work been done for 

cationization of cotton using 25g/l and 50g/l CHPTAC 
4, 15

. 

 

Table 3: Recipes for Cold pad batch cationization  

Experiment 

No. 

CHPTAC 

in g/l 

50% 

NaOH in 

g/l 

Na2CO3 

in g/l 

50% 

NaOH in 

g/l 

1* 40 37 -- -- 

2 40 12 40 -- 

3 40 12 15 5 

 

 * Conventional formula for cold pad batch cationization with CHPTAC 

 

4.3 Procedure: Preparation 

1. Solutions were prepared using the recipes given above also in the given sequences. 

2. Fabrics were padded at 90-100% wet pick up using Mathis Laboratory Padder. 

3. Padded fabrics were batched overnight. 

4. After batching they were neutralized and washed using 5 g/L of CH3COOH 

5. They were then air dried and prepared for dyeing to check cationization. 
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4.4 Procedure: Testing for Cationization 

 The prepared fabric was dyed using Reactive Yellow 125 using following recipe and 

method. 

4.4.1 Recipe for Dyeing 

Table 4: Dyeing recipe for cationized cotton fabric 

Dye 2% owf 

Na2CO3 25 g/l 

CMC 1 g/l 

 

4.4.2 Conditions and Parameters 

1. Dyeing was carried out in Ahiba Nuance machine 

2. In the beaker, 1g/l CMC, required amount of dye, alkali and water was added along 

with the fabric. 

3. The temperature was raised to 60°C at a rate of 2°C/ min.  

4. Dyeing was continued for 40min. 

5. The temperature was lowered at a rate of 4°C/min. 

6. The fabrics were washed with hot and cold water. 

7. The fabrics were then neutralized with 0.5g/L acetic acid, then washed and dried. 

 

Dyeing profile for this procedure is as under: 
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Figure 22: Dyeing profile for cationized cotton 

 

4.4.3 Procedure: Conventional Dyeing for uncationized Cotton 

 The bleached fabric was dyed using Reactive Yellow 125 using following recipe and 

method. 

 

4.4.4 Recipe for Dyeing 

Table 5: Dyeing Recipe for ucationized cotton fabric 

Dye 2% owf 

Na2CO3 25 g/l 

Na2SO4 40 g/l 

 

4.4.5 Conditions and Parameters 

1. Dyeing was carried out in Ahiba Texomat machine 

2. At 50
o
C 40 g/l of salt (Na2SO4) was added in the bath and the fabric was agitated  

3. After 20 minutes 2% dye was added and the bath was agitated for 40 minutes 
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4. 25 g/l of soda ash was added in the bath incrementally over 30 minutes 

5. Temperature was increased to 60
o
C and the bath was maintained for 30 minutes with 

continuous agitation 

6. The bath was cooled and the dyed fabric was washed with tap water. 

7. It was neutralized using CH3COOH 

8. Fabric was rinsed until it stopped bleeding and air dried 

 

Dyeing profile for the above procedure can be seen below: 

Figure 23: Dyeing profile for uncationized cotton 

 

4.5 Preliminary Results 

 Dyed fabrics were observed for K/S values and the extent of cationization was 

inferred: 
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Table 6: Preliminary sum K/S values of cold pad batch cationization 

Reactive Yellow 125 

Preliminary Results 

Experiment 

No. 
Sum K/S 

1 156.02 

2 57.03 

3 168.57 

 

 

Table 7: Preliminary sum K/S values of uncationized conventionally dyed fabric  

Reactive Yellow 125 

Preliminary Results 

Experiment 

No. 
Sum K/S 

UC 137.96 

 

Inference 

 From the above results it could be inferred that the shades from experiment 1 and 3 

are comparable, also the shade obtained from experiment set 3 is higher than experiment 1. 

Therefore, after achieving comparable results here in cold pad batch processing, further 

experiments were designed to see whether the fabrics gave similar results under exhaust 

conditions. 

 

4.6 Exhaust Processing 

 When preliminary trials were successful for cold pad batch process, it was taken to 

the next level by designing experiments for exhaust processing. Literature states that EPTAC 
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hydrolyzes faster under exhaust conditions than bonding with hydroxyl group in cotton 
3
, 

which is why the exhaust setup for experiment no. 1 yielded in lesser degree of cationization 

then, experimental setup for no. 3 as can be seen in Table 8 

 

Table 8: Preliminary sum K/S values of exhaust cationization 

Reactive Yellow 125 

Preliminary Results 

Experiment 

No. 
Sum K/S 

1 123.30 

3 138.82 

 

4.7 Preliminary Experimental Setup 

 Preliminary experimental setup was designed for experiment 3 in exhaust by 

guidance from literature by Hashem 
4
. Recipe and procedure for which are given below: 

 

4.7.1 Recipe for cationization 

Table 9: Alkali levels from Experiment 3 for cationization in exhaust 

CHPTAC 4% 

50% NaOH 1.2% 

Na2CO3 15 g/l 

50% NaOH 5 g/l 

 

 CHPTAC and NaOH percentages are expressed owg to be able to compare with the 

cold pad batch. 



50 

 

4.7.2 Procedure for Preparation 

Cotton fabric was cut into 10in x 1m (width x length) and processed in Mathis Jig at 2:1 

liquor to goods ratio. The process was done at 80
o
C for 90 minutes according to Hashem 

4
. 

Fabric was put on the machine by means of half meter leader fabric so that the cotton fabric 

was properly immersed in the bath and the back and forth of full length fabric is plausible.  

1. Bath was prepared with required amount of CHPTAC and water and machine was run 

for approximately 5 minutes. 

2. Required amount of NaOH was added in the bath and was run for another 5 minutes. 

3. Then 15g/L of Na2CO3 was added and the bath was kept running. 

4. After 5 minutes 5g/L of NaOH was added in the bath. 

5. When the bath reached the desired temperature i.e. 80
o
C it was maintained for 90 

minutes. 

6. Fabric was rinsed with cold water for 5 minutes. 

7. After rinsing it was neutralized with 5g/L of CH3COOH and was run for 10 minutes. 

8. Fabric was rinsed with cold water for 5 minutes and was dried before further 

processing. 

 

This could also be understood by the preparation profile below 
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Figure 24: Preparation Profile in Exhaust Processing 

 

4.7.3 Procedure for Testing for Cationization 

 Method of testing for cationization was kept the same as before. The prepared fabric 

was dyed using Reactive Yellow 125, using the method mentioned in Table 4: 

 Sum K/S values for the dyed fabrics were measured to be as under: 

 

Table 10: Sum K/S for Experiment 3 

Reactive Yellow 125 

Results 

Experiment 

No. 
Sum K/S 

Cold Pad 

Batch 
168.57 

Exhaust 138.82 

  

From the result above it was seen that cationization is possible in exhaust processing 

by above method, nonetheless optimization is required, so that the results are close or better 

than that in cold pad batch processing. 
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4.8 Optimization of Exhaust Cationization 

 From the preliminary results it was seen that in the current practice of cold pad batch 

processing the EPTAC is being hydrolyzed. Therefore, a new setup with an appropriate 

amount of alkali was required, such that, most of the EPTAC gets fixed on cellulose instead 

of getting hydrolyzed. 

 Therefore, different company literatures for reactive dyes were consulted and based 

on 4% owf shade, the amount of alkali required was decided upon. Table 11 below discusses 

the required amounts of alkali and their dosage. 

 

Table 11: Alkali suggested for the fixation of CHPTAC 

Experiment 

No. 
Amount Unit Alkali Dye Type 

4 2 ml/l 50% NaOH 

Remazol ® 

5 
3 g/l Soda Ash 

0.9 ml/l 50% NaOH 

6 
5+0.57 g/l+ml/l Soda Ash+50% NaOH 

1.14 ml/l 50% NaOH 

7 5+1.2 g/l+ml/l Soda Ash+50% NaOH 

8 
5 g/l Soda Ash 

Cibacron ® 
2.5 ml/l 50% NaOH 

9 
40 g/l Soda Ash 

Clariant ® 
1.5 ml/l 50% NaOH 

10 4.4 ml/l 50% NaOH 
Cibacron C ® 

11 5.2 ml/l 50% NaOH 

 

 All the above experiments were first carried out in cold pad batch processing and 

were evaluated with K/S values. Experimental setups and K/S values for the said experiments 

are given further: 
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Table 12: Cold Pad Batch experimental setup for different alkalis 

Cold Pad Batch Processing 

Experiment 

No. 

CHPTAC 

in g/l 

50% 

NaOH in 

g/l 

1st Dosage 2nd Dosage 

  

50% 

NaOH in 

ml/l 

Na2CO3 

in g/l 

50% 

NaOH 

in ml/l 

Na2CO3 

in g/l 

4 40 12 2 -- -- -- 

5 40 12 -- 3 0.9 -- 

6 40 12 5 0.57 1.14 -- 

7 40 12 5 1.2 -- -- 

8 40 12 -- 5 2.5 -- 

9 40 12 -- 40 1.5 -- 

10 40 12 4.4 -- -- -- 

11 40 12 5.2 -- -- -- 

  

In the table above the amount of alkali used for each experiment is given, and the 

effect it had on cationization would be seen in Table 13 ahead when dyed using recipe and 

procedure in Table 4. 

 

4.8.1 Procedure for cold pad batch cationization 

1. Solutions were prepared by adding 40 g/l CHPTAC and 12 g/l NaOH in water and it 

was stirred rigorously. 

2. After sometime the required amounts of alkalis were added in the suggested dosage 

and quantities with rigorous stirring of the solution. 

3. When the solution was ready it was padded onto the fabric on 90 – 100% wet pickup 

using Mathis laboratory padder. 
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4. Padded fabric was batched overnight. 

5. After overnight batching the fabric was neutralized with 5 g/l of CH3COOH and 

rinsed. 

6. It was then air dried and prepared for dyeing to check cationization. 

 

4.8.2 Testing for cationization 

 After the fabric was dyed using the recipe and procedure in Table 4 their K/S values 

were measured to look at the amount of dye taken by the fabric. Reactive Yellow 125 was the 

dye of choice for the sake of uniformity throughout. 

 The Sum K/S values of the dyed fabrics are given in the table below: 

 

Table 13: Sum K/S values of the dyed fabrics using different alkalis in cold pad batch 

cationization 

Reactive Yellow 125 

Sum K/S values 

Experiment 

No. 
Sum K/S 

UC 137.96 

1 156.02 

3 168.57 

4 158.59 

5 97.23 

6 53.84 

7 90.63 

8 124.01 

9 98.41 

10 204.13 

11 193.60 
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4.9 Optimization of Cationization in Exhaust 

As seen with preliminary results that cationization in exhaust is plausible but it sure 

needs to be optimized in order to ensure the better color yield. Thus, the experimental setups 

were designed for setup numbers 3, 4, 10, and 11 to achieve optimized cationization. The 

recipes for the procedure were kept equivalent to that of cold pad batch processing, but 

treatment time and temperatures were varied. For this purpose a series of experiments were 

conducted in exhaust setup and the treated fabrics were dyed and their K/S values measured.  

Details of the experiments along with Sum K/S values when dyed with Reactive 

Yellow 125 can be seen in the tables below: 

 

4.9.1 Experiment No. 3 

Table 14: Optimization of cationization in exhaust for Experiment #3 

Reactive Yellow 125 

Expt # CHPTAC 
50% 

NaOH 

Na2CO3 

in g/l 

50% 

NaOH 

in g/l 

Time 

in 

mins 

Temperature 

in °C 

Sum 

K/S 

3.1 4% 1.2% 15 5 30 40 74.81 

3.2 4% 1.2% 15 5 30 60 121.55 

3.3 4% 1.2% 15 5 30 80 122.38 

3.4 4% 1.2% 15 5 30 95 100.66 

3.5 4% 1.2% 15 5 60 40 97.17 

3.6 4% 1.2% 15 5 60 60 130.86 

3.7 4% 1.2% 15 5 60 80 136.71 

3.8 4% 1.2% 15 5 60 95 113.92 

3.9 4% 1.2% 15 5 90 40 118.37 

3.10 4% 1.2% 15 5 90 60 169.98 
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Table 14 continued 

3.10.1 4% 1.2% 15 5 90 60 164.41 

3.10.2 4% 1.2% 15 5 90 60 163.55 

3.10.3 4% 1.2% 15 5 90 60 163.92 

3.11 4% 1.2% 15 5 90 80 134.40 

3.12 4% 1.2% 15 5 90 95 112.02 

3.13 4% 1.2% 15 5 120 40 127.47 

3.14 4% 1.2% 15 5 120 60 162.35 

3.15 4% 1.2% 15 5 120 80 125.02 

3.16 4% 1.2% 15 5 120 95 93.16 

 

 The table could be better understood by the following figure: 

 

 

Figure 25: Sum K/S values of cationized cotton at different time and temperature when 

Na2CO3 and NaOH from Experiment 2 were used as alkali 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 20 40 60 80 100 120 140 

S
u

m
 K

/S
 

Exhaust processing time in minutes 

Sum K/S for Reactive Yellow 125 for alkali 

levels in Experiment 3 

UC 

1 

3 

40°C 

60°C 

80°C 

95°C 



57 

 

It can be seen from Figure 25 that uncationized (UC) and current industrial practice 

cationized (1) were treated as control fabrics. In experiment 3 Na2CO3 and NaOH were the 

alkalis used for the fixation of EPTAC on cotton. It was observed that cationization was 

plausible under cold pad batch conditions, because the dye was fixed on the fabric with Sum 

K/S value of 168.57.  

When the experiment was carried out in exhaust conditions the color fixation showed 

an increase with the increase in temperature from 40
o
C to 60

o
C but after it reached a certain 

point instead of getting more fixation hydrolysis was seen. It also showed when the 

temperature increased from 60
o
C instead of fixation of EPTAC higher hydrolysis happened. 

This trend can be seen by the Sum K/S values in Figure 25, the figure elucidates upon the 

fact that cationization was seen at 60
o
C when 5g/l 50% NaOH solution and 40g/l Na2CO3 

were added in the bath and treated for 90 minutes. But it also shows that when either time or 

temperature is higher hydrolysis of EPTAC is favored instead of fixation. 

 

4.8.2 Experiment No. 4 

Cationization was also seen when additional alkali was 2 ml/l in the system in 

Experiment 4. Therefore, when treating in exhaust conditions the alkali was reduced and the 

results from that are seen in the Table 15 
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Table 15: Optimization of cationization in exhaust for Experiment #4 

 

Reactive Yellow 125 

Expt # CHPTAC 
50% 

NaOH 

50% 

NaOH in 

ml/l 

Time 

in 

mins 

Temperature 

in °C 
Sum K/S 

4.1 4% 1.2% 2 30 40 77.21 

4.2 4% 1.2% 2 30 60 111.15 

4.3 4% 1.2% 2 30 80 111.60 

4.4 4% 1.2% 2 30 95 144.81 

4.5 4% 1.2% 2 60 40 75.26 

4.6 4% 1.2% 2 60 60 120.12 

4.7 4% 1.2% 2 60 80 142.37 

4.8 4% 1.2% 2 60 95 112.02 

4.9 4% 1.2% 2 90 40 93.92 

4.10 4% 1.2% 2 90 60 182.88 

4.11 4% 1.2% 2 90 80 125.82 

4.12 4% 1.2% 2 90 95 150.03 

4.13 4% 1.2% 2 120 40 148.80 

4.14 4% 1.2% 2 120 60 176.20 

4.15 4% 1.2% 2 120 80 154.14 

4.16 4% 1.2% 2 120 95 140.65 
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Table 15 could be better understood by the following graphical representation: 

 

Figure 26: Sum K/S values of cationized cotton at different time and temperature when level 

of NaOH from Experiment 4 was used as additional alkali 

 

From Figure 26 it is clear that that uncationized (UC) and current industrial practice 

cationized (1) were treated as control fabrics. In experiment 4, 2 ml/l 50% NaOH was added 

as additional alkali for the fixation of EPTAC on cotton. It was observed that cationization 

was plausible under cold pad batch conditions, because the dye was fixed on the fabric with 

Sum K/S value of 158.59.  

When the experiment was carried out in exhaust conditions the color fixation showed 
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o
C but after it reached a certain 
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point instead of getting more fixations, hydrolysis was seen. It also showed when the 

temperature increased from 60
o
C instead of fixation of EPTAC higher hydrolysis happened. 

This trend can be seen by the Sum K/S values in Figure 26, the figure elucidates upon the 

fact that cationization was seen at 60
o
C when 2 ml/l 50% NaOH was added in the bath  and 

treated for 90 minutes. But it also shows that when either time or temperature is higher 

hydrolysis of EPTAC is favored instead of fixation. 

 

4.8.3 Experiment No. 10 

Better Sum K/S was seen in cold pad batch when the additional alkali was 4.4 ml/l in 

the system. Therefore, when treating in exhaust conditions the alkali was reduced and the 

results from that are seen in Table 16 

 

Table 16: Optimization of cationization in exhaust for Experiment #10 

Reactive Yellow 125 

Expt # CHPTAC 
50% 

NaOH 

50% 

NaOH 

in ml/l 

Time 

in 

mins 

Temperature 

in °C 
Sum K/S 

10.1 4% 1.2% 4.4 30 40 91.01 

10.2 4% 1.2% 4.4 30 60 136.47 

10.3 4% 1.2% 4.4 30 80 132.59 

10.4 4% 1.2% 4.4 30 95 150.12 

10.5 4% 1.2% 4.4 60 40 117.96 

10.6 4% 1.2% 4.4 60 60 157.82 

10.7 4% 1.2% 4.4 60 80 148.05 

10.8 4% 1.2% 4.4 60 95 132.85 

10.9 4% 1.2% 4.4 90 40 126.44 



61 

 

Table 16 continued 

10.10 4% 1.2% 4.4 90 60 179.54 

10.10.1 4% 1.2% 4.4 90 60 178.45 

10.11 4% 1.2% 4.4 90 80 146.43 

10.12 4% 1.2% 4.4 90 95 110.56 

10.13 4% 1.2% 4.4 120 40 123.04 

10.14 4% 1.2% 4.4 120 60 183.45 

10.15 4% 1.2% 4.4 120 80 155.29 

10.16 4% 1.2% 4.4 120 95 129.68 

 

Table 16 above could be better understood by the graphical explanation below: 

 

Figure 27: Sum K/S values of cationized cotton at different time and temperature when level 

of NaOH from Experiment 10 was used as additional alkali 

 

Figure 27 shows that uncationized (UC) and current industrial practice cationized (1) 
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alkali for the fixation of EPTAC on cotton. It was observed that cationization was plausible 

under cold pad batch conditions, because the dye was fixed on the fabric with Sum K/S value 

of 204.13.  

When the experiment was carried out in exhaust conditions the color fixation showed 

an increase with the increase in temperature from 40
o
C to 60

o
C but after it reached a certain 

point instead of getting more fixations, hydrolysis was seen. It also showed when the 

temperature increased from 60
o
C instead of fixation of EPTAC higher hydrolysis happened. 

This trend can be seen by the Sum K/S values in Figure 4.6, the figure elucidates upon the 

fact that cationization was seen at 60
o
C when 4.4 ml/l 50% NaOH was added in the bath  and 

treated for 90 minutes. But it also shows that when either time or temperature is higher 

hydrolysis of EPTAC is favored instead of fixation 

Although, Sum K/S from cold pad batch processing was higher than the one in 

exhaust processing the fixation is still high enough. 

 

4.8.4 Experiment No. 11 

When cationizing in cold pad batch experiment 11 also yielded in better results, 

therefore, when cationizing in exhaust was thought of experiment 11 was also taken into 

exhaust conditions. Results obtained from cationization in exhaust are discussed in Table 17. 
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Table 17: Optimization of cationization in exhaust for Experiment #11 

Reactive Yellow 125 

Expt # CHPTAC 
50% 

NaOH 

50% 

NaOH 

in ml/l 

Time 

in 

mins 

Temperature 

in °C 
Sum K/S 

11.1 4% 1.2% 5.2 30 40 92.67 

11.2 4% 1.2% 5.2 30 60 134.63 

11.3 4% 1.2% 5.2 30 80 145.71 

11.4 4% 1.2% 5.2 30 95 133.69 

11.5 4% 1.2% 5.2 60 40 110.25 

11.6 4% 1.2% 5.2 60 60 194.80 

11.7 4% 1.2% 5.2 60 80 188.87 

11.8 4% 1.2% 5.2 60 95 149.96 

11.9 4% 1.2% 5.2 90 40 139.34 

11.10 4% 1.2% 5.2 90 60 221.23 

11.11 4% 1.2% 5.2 90 80 193.35 

11.12 4% 1.2% 5.2 90 95 175.81 

11.13 4% 1.2% 5.2 120 40 163.31 

11.14 4% 1.2% 5.2 120 60 232.65 

11.15 4% 1.2% 5.2 120 80 212.28 

11.16 4% 1.2% 5.2 120 95 182.28 

 

Graphical representation of which can be seen in the Figure 28: 
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Figure 28: Sum K/S values of cationized cotton at different time and temperature when level 

of NaOH from Experiment 11 was used as additional alkali 

 

In Figure 28 uncationized (UC) and current industrial practice cationized (1) were 

treated as control fabrics. In experiment 11 5.2 ml/l 50% NaOH was added as additional 

alkali for the fixation of EPTAC on cotton. It was observed that cationization was plausible 

under cold pad batch conditions, because the dye was fixed on the fabric with Sum K/S value 

of 193.6.  

When the experiment was carried out in exhaust conditions the color fixation showed 

an increase with the increase in temperature from 40
o
C to 60

o
C but after it reached a certain 

point instead of getting more fixations, hydrolysis was seen. It also showed when the 

temperature increased from 60
o
C instead of fixation of EPTAC higher hydrolysis happened. 
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This trend can be seen by the Sum K/S values in Figure 28, the figure elucidates upon the 

fact that cationization was seen at 60
o
C when 4.4 ml/l 50% NaOH was added in the bath  and 

treated for 90 minutes. But it also shows that when either time or temperature is higher 

hydrolysis of EPTAC is favored instead of fixation 

 

4.8.5 Summary 

By observing above figures it could be determined that maximum comparable color 

yield was achieved when the cotton fabric was treated at 60
o
C for 90 minutes that could be 

seen in Table 18 

 

Table 18: Sum K/S of the fabrics treated at 60
o
C for 90 minutes 

Reactive Yellow 125 

Sum K/S 

Control 
UC 137.96 

1 156.02 

Cold 

Pad 

Batch 

3 168.57 

4 158.59 

10 204.13 

11 193.60 

Exhaust 

3.10 169.98 

3.10.1 164.41 

3.10.2 163.55 

3.10.3 163.92 

4.10 182.88 

10.10 179.54 

10.10.1 178.45 

11.10 221.23 
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 In an industrial setup nothing is accepted unless it is reproducible. Keeping that 

notion in mind above experimental setup 3 and 10 were checked for reproducibility under 2:1 

liquor ratio. The results obtained showed the reproducibility as can be seen in Table 19. 

 

Table 19: Reproducibility of the results obtained by processing at 60
o
C for 90 minutes 

Reactive Yellow 125 

Sum K/S 

Experiment 

3 

3.10 169.98 

3.10.1 164.41 

3.10.2 163.55 

3.10.3 163.92 

Experiment 

10 

10.10 179.54 

10.10.1 178.45 

 

  Reproducibility of the process was quintessential to ensure that cationization achieved 

via exhaust was not a onetime fluke and is reproducible and researchable discipline in dyeing 

of cotton fabrics on an industrial scale. This laid the basis of trying the idea of cationization 

on a pilot scale, as will be seen in Chapter 6. 

 

4.9 Dyeing with other colors 

 After it was established that cationization works well under 2:1 liquor ratio at 60
o
C in 

90 minutes using 4% quantity of CHPTAC workability of dyes other than Reactive Yellow 

125 was to be seen. Therefore, Reactive Blue 209 and Reactive Red 147 were selected. 
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 The dyeing profile was kept same as given in Table 4. This gave the dyed fabrics in 

different colors and also showed the dye uptake in terms of the Sum K/S. Results for which 

will be discussed in the next chapter. 

 In order to draw a better comparison between the colors, each of the colors was dyed 

conventionally i.e. uncationized fabric was dyed with salt to determine the color yield in 

current industrial setup. This Sum K/S was compared to cationized fabrics’ Sum K/S and it 

was seen that how cationization effects dye uptake.  



68 

 

5. Discussion of Results 

 As seen in the previous chapter, cationization of cotton with CHPTAC with an 

exhaust procedure is plausible under the appropriate alkaline conditions. Also different 

amounts of alkali at various times and temperatures were evaluated and procedure 

established that works well for a 4% CHPTAC fabric treatment. 

 Therefore, a comparison between the color yields was established below showing 

how the three primary colors react with cationized cotton. 

 

5.1 Reactive Yellow 125 

Table 20 represents the comparison between the uncationized conventionally dyed 

cotton with the dyed cationized in cold pad batch and dyed cationized in exhaust, both of 

which were dyed without using salt as auxiliary. 

This table also shows the percent increase in Sum K/S when the cationized and 

uncationized dyed samples are compared. 

 

Table 20: Sum K/S comparison between the uncationized-dyed and cationized-dyed 

cotton fabrics cationized in pad and exhaust application 

 

Reactive Yellow 125 

Sample ID 
Sum 

K/S % increase 

UC 137.96 

Pad-1 156.05 11.58 

Pad-3 168.57 18.16 

Pad-4 158.59 13.01 

Pad-10 204.13 32.42 
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Table 20 continued… 

Pad-11 193.60 28.74 

E-3.10 169.98 18.84 

E-3.10.1 164.41 16.09 

E-3.10.2 163.55 15.65 

E-3.10.3 163.92 15.84 

E-4.10 182.88 24.56 

E-10.10 179.54 23.16 

E-10.10.1 178.45 22.69 

E-11.10 221.23 37.64 

 

Where, 

UC: Uncationized conventionally dyed fabric 

Pad-1: Dyed cationized in cold pad batch by established industrial practice 

Pad-3, Pad-4, Pad-10, and Pad-11: Dyed cationized in cold pad batch by different level of 

alkalis as seen in previous chapter 

E-3.10, E-3.10.1, E-3.10.2, and E-3.10.3: Dyed cationized in exhaust at 60
o
C for 90 minutes 

at level of alkali in experiment 3 

E-4.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 4 

E-10.10, E-10.10.1: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in 

experiment 10 

E-11.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 

11 

 The above table could be further understood by the graphical representation as under: 
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Figure 29: Comparison of the sum K/S values for uncationized-dyed and cationized-dyed 

fabrics cationized in pad and exhaust applications 

 

 For further clarity above could be broken into three major classes named as: 

uncationized-dyed and pad cationized-dyed, uncationized-dyed and exhaust cationized dyed, 

also pad cationized-dyed and exhaust cationized-dyed fabrics which are discussed below. 
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5.1.1 Uncationized-dyed and pad-cationized fabrics 

Table 21 draws comparison between the uncationized-dyed and pad-cationized dyed 

fabrics. 

 

Table 21: Sum K/S comparison between the uncationized-dyed and pad cationized-dyed 

fabrics 

 

Reactive Yellow 125 

Sample ID 
Sum 

K/S % increase 

UC 137.96 

Pad-1 156.02 11.58 

Pad-3 168.57 18.16 

Pad-4 158.59 13.01 

Pad-10 204.13 32.42 

Pad-11 193.60 28.74 

 

 

 Above table could be better understood by the graph in Figure 30 
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Figure 30: Comparison of the sum K/S values for uncationized-dyed and pad cationized-dyed 

fabrics 

 

Figure 30 distinctly points the difference between the cationized-dyed and 

uncationized-dyed fabrics. It also shows that experimental setup 10 in cold pad batch showed 

the highest color yield when compared to all other specimens, which is why it could be safely 

said that in the alkalinity of experimental setup 10 fixation of the EPTAC on cotton fabric is 

higher than the hydrolysis of EPTAC. 
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5.1.2 Uncationized-dyed and exhaust-cationized fabrics 

Table 22 draws comparison between the uncationized-dyed and exhaust-cationized 

dyed fabrics. 

 

Table 22: Sum K/S comparison between the uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Reactive Yellow 125 

Sample 

ID 

Sum 

K/S % 

increase 
UC 137.96 

E-3.10 169.98 18.84 

E-3.10.1 164.41 16.09 

E-3.10.2 163.55 15.65 

E-3.10.3 163.92 15.84 

E-4.10 182.88 24.56 

E-10.10 179.54 23.16 

E-10.10.1 178.45 22.69 

E-11.10 221.23 37.64 

 

 

 Above table could be better understood by the graph in Figure 31 
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Figure 31: Comparison of the sum K/S values for uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Figure 31 shows the differences between the cationized-dyed and uncationized-dyed 

fabrics. Therefore, it could be assured no matter which alkali system is used to cationize the 

fabric, the color yield improves. It also shows that experimental setups 3, 4, 10, and 11 in 

exhaust processing conditions showed better color yields than uncationized-dyed the exhaust 

conditions of experimental setup 11.10 gave the highest fixation of EPTAC on cotton. 
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5.1.3 Pad cationized-dyed and Exhaust cationized-dyed fabrics 

 After comparing the exhaust cationized-dyed fabrics to uncationized-dyed fabrics, 

another comparison is of immense importance without which the efficacy of exhaust 

cationization could not be certain. That is the comparison between pad cationized-dyed and 

exhaust cationized-dyed. 

 Since, each of the experiment had different alkalinities, individual comparisons 

between the pad and exhaust cationization efficacies are required. 

  

5.1.3.1 Experiment 3 

Tables 23 below compare the pad cationized-dyed and exhaust cationized-dyed 

samples of Experiment 3 

 

Table 23: Experiment 3 pad cationized-dyed and exhaust cationized-dyed  

Reactive Yellow 

125 

Sample 

ID 

Sum 

K/S 

UC 137.96 

Pad-1 156.02 

Pad-3 168.57 

E-3.10 169.98 

E-3.10.1 164.41 

E-3.10.2 163.55 

E-3.10.3 163.92 
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 Table 23 shows that that the Sum K/S obtained from pad cationized-dyed and exhaust 

cationized-dyed are comparable and thus, reproducible these became the basis for further 

cationization trials in exhaust processing. 

 

5.1.3.2 Experiment 4 

Table 24 below compares the pad cationized-dyed and exhaust cationized-dyed 

samples of Experiment 4 

 

Table 24: Experiment 4 pad cationized-dyed and exhaust cationized-dyed  

Reactive Yellow 

125 

Sample 

ID 

Sum 

K/S 

UC 137.96 

Pad-1 156.02 

Pad-4 158.59 

E-4.10 182.88 

  

 Above table shows that the increment of the color yields from pad to exhaust is 13% 

which is a remarkable increase thus, it is one of the major contributing factors when 

considering exhaust application of CHPTAC and therefore, becomes a deciding factor when 

cationizing in an exhaust procedure. 
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5.1.3.3 Experiment 10 

Table 25 compare the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 10 

 

Table 25: Experiment 10 pad cationized-dyed and exhaust cationized-dyed  

Reactive Yellow 

125 

Sample 

ID 

Sum 

K/S 

UC 137.96 

Pad-1 156.02 

Pad-10 204.13 

E-10.10 179.54 

E-10.10.1 178.45 

 

 Results obtained from experimental setup 10 showed two things, on one hand the pad 

cationized-dyed result was a lot better than the result obtained from current industrial 

practice but on the other hand when cationized in exhaust there was a remarkable decrease in 

the fixation of EPTAC on cotton. This could be attributed to % alkalinity and pH of 

experimental setup 10 was feasible to 1:1 liquor to goods ratio but not for higher liquor 

ratios.  

Nonetheless, the result from exhaust cationization was less than pad-batch 

cationization it was still much higher when compared to other dyed cationized samples which 

is why cationizing in exhaust could be considered in this case. 

 



78 

 

5.1.3.4 Experiment 11 

Table 26 compares the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 11 

 

Table 26: Experiment 11 pad cationized-dyed and exhaust cationized-dyed  

Reactive Yellow 

125 

Sample 

ID 

Sum 

K/S 

UC 137.96 

Pad-1 156.02 

Pad-11 193.6 

E-11.10 221.23 

 

Experimental setup 11 showed that the anticipated trend of higher sum K/S of exhaust 

cationized-dyed holds true because the Sum K/S value of exhaust cationized-dyed sample is 

higher than pad batch cationized-dyed sample. Also the pad batch numbers of experimental 

setup 11 are higher than that of current industrial practice. Therefore, these values were 

pertinent when designing cationization in exhaust processes. 

 

5.1.4 Summary 

 It could be said that experimental setups 3, 4, 10, and 11 yielded better Sum K/S 

values in pad than 1 (current industrial practice). Also when optimized in exhaust at 60
o
C for 

90 minutes at 2:1 liquor ratio all yielded higher Sum K/S values when compared to 

uncationized-dyed fabric and acceptable values when compared to pad cationized-dyed. 
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Exhaust cationized-dyed samples from experimental setup 11 gave the highest sum color 

yield. 

 

5.2 Reactive Blue 209 

Table 27 represents the comparison between the uncationized conventionally dyed 

cotton with the dyed cationized in cold pad batch and dyed cationized in exhaust, both of 

which dyed without using salt as auxiliary. 

This table also shows the percent increase in Sum K/S when the cationized and 

uncationized dyed samples are compared. 

 

Table 27: Sum K/S comparison between the uncationized-dyed and cationized-dyed 

cotton fabrics cationized in pad and exhaust application 

 

Reactive Blue 209 

Sample ID 

Sum 

K/S % increase 

UC 122.16 

Pad-1 127.70 4.34 

Pad-3 136.37 10.45 

Pad-4 153.33 20.33 

Pad-10 204.50 40.26 

Pad-11 185.28 34.07 

E-3.10 144.95 15.72 

E-3.10.1 145.01 15.76 

E-3.10.2 153.60 20.47 

E-3.10.3 157.90 22.63 

E-4.10 174.30 29.91 

E-10.10 177.20 31.06 

E-10.10.1 174.18 29.87 

E-11.10 192.04 36.39 
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Where, 

UC: Uncationized conventionally dyed fabric 

Pad-1: Dyed cationized in cold pad batch by established industrial practice 

Pad-3, Pad-4, Pad-10, and Pad-11: Dyed cationized in cold pad batch by different level of 

alkalis as seen in previous chapter 

E-3.10, E-3.10.1, E-3.10.2, and E-3.10.3: Dyed cationized in exhaust at 60
o
C for 90 minutes 

at level of alkali in experiment 3 

E-4.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 4 

E-10.10, E-10.10.1: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in 

experiment 10 

E-11.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 

11 

 Graphical representation for Table 27 can be seen as under: 
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Figure 32: Comparison of the sum K/S values for uncationized-dyed and cationized-dyed 

fabrics cationized in pad and exhaust applications 

  

 From Table 27 and Figure 32 it is evident that the current industrial practice that is 

experimental setup pad-1 yields somewhat similar results to uncationized conventionally 

dyed fabric. Therefore, it was immensely important to optimize the quantity of alkali to be 

used so that fixation of EPTAC on cellulose increases. 

 For further elucidation table 27 could be broken into three major classes named as: 

uncationized-dyed and pad cationized-dyed, uncationized-dyed and exhaust cationized dyed, 

also pad cationized-dyed and exhaust cationized-dyed fabrics such that difference between 

pad cationized-dyed and exhaust-cationized dyed samples could be understood. 
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5.2.1 Uncationized-dyed and pad-cationized fabrics 

Table 28 draws comparison between the uncationized-dyed and pad-cationized dyed 

fabrics. 

 

Table 28: Sum K/S comparison between the uncationized-dyed and pad cationized-dyed 

fabrics for Reactive Blue 209 

 

Reactive Blue 209 

Sample ID 

Sum 

K/S % increase 

UC 122.16 

Pad-1 127.70 4.34 

Pad-3 136.37 10.42 

Pad-4 153.33 20.33 

Pad-10 204.50 40.26 

Pad-11 185.28 34.07 

 

Above table could be better understood by the graph in Figure 33 
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Figure 33: Comparison of the sum K/S values for uncationized-dyed and pad cationized-dyed 

fabrics 

 

Figure 33 above points to the difference between the cationized-dyed and 

uncationized-dyed fabrics. It also shows that experimental setup 10 in cold pad batch showed 

the highest color yield when compared to all other specimens, which is why it could be safely 

said that in the alkalinity of experimental setup 10 fixation of the EPTAC on cotton fabric is 

higher than the hydrolysis of EPTAC, as was the case with reactive yellow 125. 
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5.2.2 Uncationized-dyed and exhaust-cationized fabrics 

Table 29 draws comparison between the uncationized-dyed and exhaust-cationized 

dyed fabrics. 

 

Table 29: Sum K/S comparison between the uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Reactive Blue 209 

Sample ID 

Sum 

K/S % increase 

UC 122.16 

E-3.10 144.95 15.72 

E-3.10.1 145.01 15.76 

E-3.10.2 153.60 20.47 

E-3.10.3 157.90 22.63 

E-4.10 174.30 29.91 

E-10.10 177.2 31.06 

E-10.10.1 174.18 29.87 

E-11.10 192.04 36.39 

 

 Above table could be better understood by the graph in Figure 34 
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Figure 34: Comparison of the sum K/S values for uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Figure 34 shows the differences between the cationized-dyed and uncationized-dyed 

fabrics. It also shows that experimental setups 3, 4, 10, and 11 in exhaust processing 

conditions showed better color yields than uncationized-dyed and even there exhaust 

conditions of experimental setup 11.10 gave highest fixation of EPTAC on cotton when 

compared with other fabrics, similar to reactive yellow 125. 
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5.2.3 Pad cationized-dyed and Exhaust cationized-dyed fabrics 

 After comparing the exhaust cationized-dyed fabrics to uncationized-dyed fabrics, 

another comparison is of immense importance without which the efficacy of exhaust 

cationization could not be ascertained. That is the comparison between pad cationized-dyed 

and exhaust cationized-dyed. 

 Since, each of the experiment had different alkalinities, individual comparisons 

between the pad and exhaust cationization efficacies are required. 

 

5.2.3.1 Experiment 3 

Table 30 compares the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 3 

 

Table 30: Experiment 3 pad cationized-dyed and exhaust cationized-dyed  

Reactive Blue 209 

Sample 

ID 

Sum 

K/S 

UC 122.16 

Pad-1 127.7 

Pad-3 136.37 

E-3.10 144.95 

E-3.10.1 145.01 

E-3.10.2 153.6 

E-3.10.3 157.9 
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 Table 30 shows that the Sum K/S values obtained from the dyeing of exhaust treated 

fabrics were comparable to cold pad batch processing and improved as much as 14%. 

Additionally, these values are higher than pad-1 the current industrial practice.  

 

5.2.3.2 Experiment 4 

Table 31 compares the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 4 

 

Table 31: Experiment 4 pad cationized-dyed and exhaust cationized-dyed  

Reactive Blue 209 

Sample 

ID 

Sum 

K/S 

UC 122.16 

Pad-1 127.7 

Pad-4 153.33 

E-4.10 174.3 

 

 Table 31 shows that the increment in the color yields from pad to exhaust is as high 

as 12% which is remarkable therefore, it is considered to be significant when considering 

cationization in exhaust and becomes one of the major contributing factors when considering 

exhaust application of CHPTAC and therefore, becomes a deciding factor when cationizing 

in an exhaust procedure. 
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5.2.3.3 Experiment 10 

Table 32 compares the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 10 

 

Table 32: Experiment 10 pad cationized-dyed and exhaust cationized-dyed  

Reactive Blue 209 

Sample 

ID 

Sum 

K/S 

UC 122.16 

Pad-1 127.70 

Pad-10 204.50 

E-10.10 177.2 

E-10.10.1 174.18 

 

Results obtained from experimental setup 10 showed two things, on one hand the pad 

cationized-dyed result was a lot better than the result obtained from current industrial 

practice but on the other hand when cationized in exhaust there was a remarkable decrease in 

the fixation of EPTAC on cotton. This could be attributed to % alkalinity and pH of 

experimental setup 10 was feasible to 1:1 liquor to goods ratio but not for higher liquor 

ratios.  

Nonetheless, the result from exhaust cationization was less than pad-batch 

cationization it was still much higher when compared to other dyed cationized samples which 

is why cationizing in exhaust could be considered in this case. 



89 

 

5.2.3.4 Experiment 11 

Table 33 compare the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 11 

 

Table 33: Experiment 11 pad cationized-dyed and exhaust cationized-dyed  

Reactive Blue 209 

Sample 

ID 

Sum 

K/S 

UC 122.16 

Pad-1 127.7 

Pad-11 185.28 

E-11.10 192.04 

 

Experimental setup 11 showed that the anticipated trend of higher sum K/S of exhaust 

cationized-dyed holds true because the Sum K/S value of exhaust cationized-dyed sample is 

higher than pad batch cationized-dyed sample. Also the pad batch numbers of experimental 

setup 11 are higher than that of current industrial practice. Therefore, these values were 

pertinent when designing cationization in exhaust processes. 

 

5.2.4 Summary 

Similar to reactive yellow 125 it could be said that experimental setups 3, 4, 10, and 

11 yielded higher Sum K/S values in pad than 1 (current industrial practice). Also when 

optimized in exhaust at 60
o
C for 90 minutes at 2:1 liquor ratio all yielded higher Sum K/S 

values when compared to uncationized-dyed fabric and acceptable values when compared to 
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pad cationized-dyed. Exhaust cationized-dyed samples from experimental setup 11 gave the 

highest sum color yield. 

 

5.3 Reactive Red 147 

Table 34 represents the comparison between the uncationized conventionally dyed 

cotton with the cationized in cold pad batch and cationized in exhaust both of which dyed 

without using salt as auxiliary. 

This table also elucidates the percent increase when the cationized and uncationized 

dyed samples are compared to each other. This table is particularly for Reactive Red 147 

 

Table 34: Sum K/S comparison between the uncationized-dyed and cationized-dyed 

cotton fabrics cationized in pad and exhaust application 

 

Reactive Red 147 

Sample ID 

Sum 

K/S % increase 

UC 93.41 

Pad-1 91.30 -2.31 

Pad-3 92.78 -0.68 

Pad-4 116.19 19.61 

Pad-10 140.70 33.61 

Pad-11 139.07 32.83 

E-3.10 108.33 13.77 

E-3.10.1 110.11 15.17 

E-3.10.2 111.69 16.37 

E-3.10.3 109.56 14.74 

E-4.10 129.42 27.82 

E-10.10 128.93 27.55 

E-10.10.1 124.24 24.81 

E-11.10 146.79 36.36 
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Where, 

UC: Uncationized conventionally dyed fabric 

Pad-1: Dyed cationized in cold pad batch by established industrial practice 

Pad-3, Pad-4, Pad-10, and Pad-11: Dyed cationized in cold pad batch by different level of 

alkalis as seen in previous chapter 

E-3.10, E-3.10.1, E-3.10.2, and E-3.10.3: Dyed cationized in exhaust at 60
o
C for 90 minutes 

at level of alkali in experiment 3 

E-4.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 4 

E-10.10, E-10.10.1: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in 

experiment 10 

E-11.10: Dyed cationized in exhaust at 60
o
C for 90 minutes at level of alkali in experiment 

11 

 The above table could be further understood by the graphical representation as under: 
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Figure 35: Comparison of the sum K/S values for uncationized-dyed and cationized-dyed 

fabrics cationized in pad and exhaust applications 

  

 From Table 34 and Figure 35 it is evident that the current industrial practice that is 

experimental setup pad-1 yields somewhat similar results to uncationized conventionally 

dyed fabric. Therefore, it was immensely important to optimize the quantity of alkali to be 

used so that fixation of EPTAC on cellulose increases. 

 For further explanation Table 34 could be further broken into three major classes 

named as: uncationized-dyed and pad cationized-dyed, uncationized-dyed and exhaust 

cationized dyed, also pad cationized-dyed and exhaust cationized-dyed fabrics such that 
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difference between pad cationized-dyed and exhaust-cationized dyed samples could be 

understood. 

 

5.3.1 Uncationized-dyed and pad-cationized fabrics 

Table 35 draws comparison between the uncationized-dyed and pad-cationized dyed 

fabrics. 

 

Table 35: Sum K/S comparison between the uncationized-dyed and pad cationized-dyed 

fabrics for Reactive Red 147 

 

Reactive Red 147 

Sample ID 

Sum 

K/S % increase 

UC 93.41 

Pad-1 91.30 -2.31 

Pad-3 92.78 -0.68 

Pad-4 116.19 19.61 

Pad-10 140.70 33.61 

Pad-11 139.07 32.83 

 

 

 Above table could be better understood by the graph in Figure 36 
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Figure 36: Comparison of the sum K/S values for uncationized-dyed and pad cationized-dyed 

fabrics 

 

Figure 36 distinctly points the difference between the cationized-dyed and 

uncationized-dyed fabrics. It also shows that experimental setup 10 in cold pad batch showed 

the highest color yield when compared to all other specimens, which is why it could be safely 

said that in the alkalinity of experimental setup 10 fixation of the EPTAC on cotton fabric is 

higher than the hydrolysis of EPTAC. Similarly to the case of other two colors. 
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5.3.2 Uncationized-dyed and exhaust-cationized fabrics 

Table 36 draws comparison between the uncationized-dyed and exhaust-cationized 

dyed fabrics. 

Table 36: Sum K/S comparison between the uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Reactive Red 147 

Sample ID 

Sum 

K/S % increase 

UC 93.41 

E-3.10 108.33 13.77 

E-3.10.1 110.11 15.17 

E-3.10.2 111.69 16.37 

E-3.10.3 109.56 14.74 

E-4.10 129.42 27.82 

E-10.10 128.93 27.55 

E-10.10.1 124.24 24.81 

E-11.10 146.79 36.36 

 

 Above table could be better understood by the graph in Figure 37 
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Figure 37: Comparison of the sum K/S values for uncationized-dyed and exhaust cationized-

dyed fabrics 

 

Figure 37 shows the differences between the cationized-dyed and uncationized-dyed 

fabrics. Therefore, it could be assured no matter which alkali system is used to cationize the 

fabric, the color yield improves. It also shows that experimental setups 3, 4, 10, and 11 in 

exhaust processing conditions showed better color yields than uncationized-dyed the exhaust 

conditions of experimental setup 11.10 gave the highest fixation of EPTAC on cotton. 
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5.3.3 Pad cationized-dyed and Exhaust cationized-dyed fabrics 

 After comparing the exhaust cationized-dyed fabrics to uncationized-dyed fabrics, 

another comparison is of immense importance without which the efficacy of exhaust 

cationization could not be certain. That is the comparison between pad cationized-dyed and 

exhaust cationized-dyed. 

 Since, each of the experiment had different alkalinities, individual comparisons 

between the pad and exhaust cationization efficacies are required. 

 

5.3.3.1 Experiment 3 

Table 37 compare the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 3 

 

Table 37: Experiment 3 pad cationized-dyed and exhaust cationized-dyed  

Reactive Red 147 

Sample 

ID 

Sum 

K/S 

UC 93.41 

Pad-1 91.3 

Pad-3 92.78 

E-3.10 108.33 

E-3.10.1 110.11 

E-3.10.2 111.69 

E-3.10.3 109.56 
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 Table 37 shows that that the Sum K/S obtained from pad cationized-dyed and exhaust 

cationized-dyed are comparable and thus, reproducible these became the basis for further 

cationization trials in exhaust processing. 

 

5.3.3.2 Experiment 4 

Table 38 compare the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 4 

 

Table 38: Experiment 4 pad cationized-dyed and exhaust cationized-dyed 

Reactive Red 147 

Sample 

ID 

Sum 

K/S 

UC 93.41 

Pad-1 91.3 

Pad-4 116.19 

E-4.10 129.42 

 

 Table 38 above shows that the increment of the color yields from pad to exhaust is as 

high as 10% which is a remarkable increase thus, it is one of the major contributing factors 

when considering exhaust application of CHPTAC and therefore, becomes a deciding factor 

when cationizing in an exhaust procedure. 
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5.3.3.3 Experiment 10 

Table 39 compares the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 10 

 

Table 39: Experiment 10 pad cationized-dyed and exhaust cationized-dyed  

Reactive Red 147 

Sample 

ID 

Sum 

K/S 

UC 93.41 

Pad-1 91.3 

Pad-10 140.7 

E-10.10 128.93 

E-10.10.1 124.24 

 

Results obtained from experimental setup 10 showed two things, on one hand the pad 

cationized-dyed result was a lot better than the result obtained from current industrial 

practice but on the other hand when cationized in exhaust there was a remarkable decrease in 

the fixation of EPTAC on cotton. This could be attributed to % alkalinity and pH of 

experimental setup 10 was feasible to 1:1 liquor to goods ratio but not for higher liquor 

ratios.  

Nonetheless, the result from exhaust cationization was less than pad-batch 

cationization it was still much higher when compared to other dyed cationized samples which 

is why cationizing in exhaust could be considered in this case. 
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5.3.3.4 Experiment 11 

Table 40 compare the pad cationized-dyed and exhaust cationized-dyed samples of 

Experiment 11 

 

Table 40: Experiment 11 pad cationized-dyed and exhaust cationized-dyed  

Reactive Red 147 

Sample 

ID 

Sum 

K/S 

UC 93.41 

Pad-1 91.3 

Pad-11 139.07 

E-11.10 146.79 

 

Experimental setup 11 showed that the anticipated trend of higher sum K/S of exhaust 

cationized-dyed holds true because the Sum K/S value of exhaust cationized-dyed sample is 

higher than pad batch cationized-dyed sample. Also the pad batch numbers of experimental 

setup 11 are higher than that of current industrial practice. Therefore, these values were 

pertinent when designing cationization in exhaust processes. 

 

5.3.4 Summary 

 It could be said that experimental setups 3, 4, 10, and 11 yielded better Sum K/S 

values in pad than 1 (current industrial practice). Also when optimized in exhaust at 60
o
C for 

90 minutes at 2:1 liquor ratio all yielded higher Sum K/S values when compared to 

uncationized-dyed fabric and acceptable values when compared to pad cationized-dyed. 
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Exhaust cationized-dyed samples from experimental setup 11 were gave the highest sum 

color yield. 

 

5.4 Overall Summary 

 After looking at the results Reactive Yellow 125, Reactive Blue 209 and Reactive 

Red 147 it was clear that alkali levels for experiment 11 for 4% CHPTAC yielded best results 

when treated at 60
o
C for 90 minutes. This became the benchmark when evaluating the 

workability at higher liquor ratio. The Sum K/S values for fabrics dyed when processed by 

alkali levels in Experiment 11 can be seen in Table 41. 

 

Table 41: Sum K/S values for fabrics processed in Experiment 11 

Sum K/S 

  

Reactive 

Yellow 125 

Reactive 

Blue 209 

Reactive 

Red 147 

UC 137.96 122.16 93.41 

Pad-1 156.02 127.70 91.3 

Pad-11 193.60 185.28 139.07 

E-11.10 221.23 192.04 146.79 

 

5.5 pH and Alkalinity 

 For cationization of cotton to happen alkalinity and pH are two important factors 

because in case of variation in the pH or alkalinity the rate of reaction may shift from fixation 

on cellulose to hydrolysis of EPTAC. 
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 Therefore, when deciding the experimental setup these two parameters were kept in 

mind and alkalinity and pH were measured for each of the trials conducted in cold pad batch. 

The alkalinity and pH gave the fair idea on certain conditions being workable. 

 The pH of the bath was measured using the pH meter, whereas the % alkalinity of the 

bath was tested using AATCC TM 98 

 Alkalinity and pH of the experiments can be seen in Table 42 below: 

 

Table 42: Alkalinity and pH of the trials in cold pad batch 

Experiment 

No. 

Alkalinity 

as % 

NaOH 

pH before 

Titration 
Sum K/S 

1 1.24 13.0 156.02 

2 0.31 11.0 57.03 

3 0.39 12.0 168.57 

4 0.17 12.0 158.59 

5 0.16 11.5 97.23 

6 0.95 13.0 53.84 

7 0.22 11.5 90.63 

8 0.26 11.0 124.01 

9 0.45 11.5 98.41 

10 0.27 12.5 204.13 

11 0.48 12.5 193.6 

 

 From Table 42 above it is seen that the combination of pH and % alkalinity of the 

bath affects cationization as current industrial setup (experiment 1) had alkalinity percentage 

of 1.24 and pH 13 and the Sum K/S associated with this experiment was lower than 

experiment 3,4, 10, and 11. That could be attributed to the optimization of alkali, which 

decrease the pH and % alkalinity. Better results were obtained in experiments no. 3, 4, 10 and 
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11, this was attributed to the fact that enough –OH groups were present to convert CHPTAC 

to EPTAC, and convert Cell-OH to Cell-O 
–
 aiding the fixation reaction and decreasing the 

amount of hydrolysis 

 It could be said that 0.2 – 0.5% alkalinity at pH 12.5 increased the rate of fixation. 

Which is why these alkalinity percentage and pH were taken to exhaust application and the 

results obtained from exhaust processing were compared and it was seen that comparable 

results are obtained. 

 

5.6 Quality Assurance Tests 

 Above obtained results show that exhaust cationization is indeed plausible under the 

right conditions. Therefore, conducting quality assurance tests is extremely necessary. The 

level of fixation to rubbing is measured by AATCC TM-8 and the wash fastness of the dyed 

fabric, by AATCC TM-61 IIA (accelerated wash fastness equivalent to five home 

launderings). 

 In tables below the results for crocking and wash fastness will be shown and 

discussed. 

 

5.6.1 AATCC TM 8 

 Test Method 8 has standardized the specimen size and way of testing for rubbing 

fastness. This shows the amount of unfixed dye on the fabric, and how badly it stains the 

adjoining fabric under dry and wet conditions. 
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 Table 43 shows the results obtained by dry and wet crocking for Reactive Yellow 

125. 

 

Table 43: Crock Fastness for Reactive Yellow 125 by AATCC TM-8 

Reactive Yellow 125 

Sample 

ID 

Dry 

Crocking 

Wet 

Crocking 

UC 5 3-4 

Pad-1 4-5 3 

Pad-3 5 3 

Pad-4 5 4-5 

Pad-10 5  4 

Pad-11 5 4  

E-3.10 5 3 

E-3.10.1 5 3-4 

E-3.10.2 5 3-4 

E-3.10.3 4-5 3 

E-4.10  5 3-4  

E-10.10  5 4 

E-10.10.1  5 3-4 

E-11.10  5 4  

 

 Table 44 shows the results obtained by dry and wet crocking for Reactive Blue 209. 
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Table 44: Crock Fastness for Reactive Blue 209 by AATCC TM-8 

Reactive Blue 209 

Sample 

ID 

Dry 

Crocking 

Wet 

Crocking 

UC 4-5 3 

Pad-1 4-5 2 

Pad-3 5 3-4 

Pad-4 5  4 

Pad-10 5 3 

Pad-11 5 3-4 

E-3.10 5 3-4 

E-3.10.1 5 3-4 

E-3.10.2 4-5 3-4 

E-3.10.3 5 3-4 

E-4.10 5  4-5  

E-10.10 5 3-4 

E-10.10.1 4-5 3 

E-11.10 5 4 

 

Table 45 shows the results obtained by dry and wet crocking for Reactive Red 147. 

 

Table 45: Crock Fastness for Reactive Red 147 by AATCC TM-8 

Reactive Red 147 

Sample 

ID 

Dry 

Crocking 

Wet 

Crocking 

UC 5 3-4 

Pad-1 4-5 2 

Pad-3 5 3-4 

Pad-4 4-5 4  

Pad-10 4 3 

Pad-11 4 4 
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Table 45 continued 

E-3.10 5 3-4 

E-3.10.1 5 3 

E-3.10.2 5 3 

E-3.10.3 4-5 2 

E-4.10 4 3-4 

E-10.10 4 3-4 

E-10.10.1 4-5 3-4 

E-11.10 4-5 3 

 

 

Inference 

 It can be seen from the crock fastness (dry and wet) it can be seen that no quality of 

the dyed fabric has been compromised the wet and dry crock results for cationized fabrics are 

similar if not better than uncationized. 

 Also, the way of cationization doesn’t make a difference because the results found 

from both cold pad batch and exhaust cationizations are comparable. 

 

5.6.2 AATCC TM 61 IIA 

 In this type of testing the wash fastness of the dyed sample is checked for color 

change to see whether there is a change in the washed and unwashed sample. Also staining is 

seen to see that if the dye that has come off has stained other fabrics. Thus, for that purpose a 

multifiber strip is used and the staining on it is seen. 
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 Additionally the wash fastness of the sample is tested at the equivalent of five (5) 

home launderings, i.e. the results obtained from this test will be equivalent to the results 

obtained after laundering five times at home. 

 Table 46 shows the color change in fabrics dyed using Reactive Yellow 125, Reactive 

Blue 209 and Reactive Red 147 after testing for wash fastness: 

 

Table 46: Color change on Reactive Yellow 125, Reactive Blue 209 and Reactive Red 

147 dyed samples after the wash fastness testing 

 

  Color Change 

Sample 

ID 

Reactive Yellow 

125 

Reactive Blue 

209 

Reactive Red 

147 

UC 5 5 5 

Pad-1 4-5 4-5 4-5 

Pad-3 4-5 5 5 

Pad-4 5 5 4-5  

Pad-10 5 5 4-5 

Pad-11 5 5 5 

E-3.10 4-5 4-5 4-5 

E-3.10.1 4-5 5 5 

E-3.10.2 5 5 5 

E-3.10.3 5 4-5 4-5 

E-4.10 5 5 5 

E-10.10 5 5 5 

E-10.10.1 5 5 4-5 

E-11.10 5 5 4-5 

 

 

 

 Apart from the color change staining on multifiber strip is also seen the results for 

which can be seen in tables 47, 48, and 49 below: 
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Table 47: Staining on multifiber strip by Reactive Yellow 125 dyed samples 

 

Reactive Yellow 125 

UC 
Pad-

1 

Pad-

3 

Pad-

4 

Pad-

10 

Pad-

11 

E-

2.10 

E-

2.10.1 

E-

2.10.2 

E-

2.10.3 

E-

4.10 

E-

10.10 

E-

10.10.1 

E-

11.10 

Acetate 5 5 5 5 5 5 4-5 5 5 5 5 5 5 5 

Cotton 3-4 3-4 3-4 4 4-5 4 3 3-4 3 4 4-5 4-5 4-5 4-5 

Nylon 5 5 5 5 4-5 4-5 4-5 5 4-5 4-5 5 5 5 4-5 

Polyester 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Acrylic 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Wool 4 4 4-5 5 5 5 4-5 4-5 4-5 4-5 5 5 5 4-5 

 

 

Table 48: Staining on multifiber strip by Reactive Blue 209 dyed samples 

 

Reactive Blue 209 

UC 
Pad-

1 

Pad-

3 

Pad-

4 

Pad-

10 

Pad-

11 

E-

3.10 

E-

3.10.1 

E-

3.10.2 

E-

3.10.3 

E-

4.10 

E-

10.10 

E-

10.10.1 

E-

11.10 

Acetate 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Cotton 3 3-4 4-5 4-5 4-5 5 4-5 4-5 4-5 4 4-5 4-5 4-5 4-5 

Nylon 5 5 5 5 4-5 5 5 5 5 4-5 5 5 4-5 5 

Polyester 4-5 5 5 5 5 5 5 5 5 5 5 5 4-5 5 

Acrylic 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Wool 4-5 4 5 5 5 5 5 4-5 5 4-5 5 5 5 5 



109 

 

Table 49: Staining on multifiber strip by Reactive Red 147 dyed samples 

  

Reactive Red 147 

UC Pad-1 Pad-3 Pad-4 
Pad-

10 

Pad-

11 

E-

3.10 

E-

3.10.1 

E-

3.10.2 

E-

3.10.3 

E-

4.10 

E-

10.10 

E-

10.10.1 

E-

11.10 

Acetate 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Cotton 4-5 3-4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5 4 4 4-5 

Nylon 5 4-5 4-5 5 5 5 5 5 4-5 4-5 5 5 5 5 

Polyester 5 5 5 5 4-5 5 5 5 4-5 5 5 4-5 5 5 

Acrylic 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Wool 5 4 5 5 5 5 4-5 5 5 4-5 5 5 4-5 5 

 

Tables above make clear that the results are not in any way affected by cationization or its application method and they are 

comparable to each other. Therefore, the possibility of exhaust cationization at 60
o
C running for 90 minutes could be considered 

on the large production scale. 
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6. Pilot scale implementation of exhaust cationization 

6.1 Introduction 

 After achieving cationization in exhaust at 2:1 liquor to goods ratio the next step was 

to check it at a higher liquor to goods ratio. As most of the machinery employed by the 

textile industry uses a higher a liquor ratio than 2:1.  

Based on the results from obtained from 2:1 liquor ratio the experimental setup 11 

was designed for a 10:1 liquor ratio and the dyed cationized fabrics were evaluated for Sum 

K/S. 

 

6.2 Experimental Setup 

 This setup was designed for the Mathis JFO where the fabric was agitated at the 

speed of 15m/min. Recipe for cationization can be seen in Table 50. 

 

Table 50: Recipe for cationization 

Recipe 

CHPTAC 4% 

50% NaOH 1.20% 

50% NaOH 5.2 ml/l 

 

 Procedure for cationization can be seen in Table 51. 
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Table 51: Procedure for cationization 

Step Description 

1 

Secure the fabric in the JFO, set the machine to reach 60oC at 4oC/min temperature 

gradient and run for 90 minutes 

2 Add the 4% CHPTAC in the machine when it is agitating with water 

3 When the temperature reaches 45oC, add 1.2% NaOH (50% solution) in the bath 

4 

When temperature reaches 60oC add the additional 5.2 ml/l NaOH (50% solution) 

based on bath volume 

5 Maintain the bath for 90minutes 

6 Lower the temperature at 4oC/min 

7 At 25
o
C, add 1g/l of CH3COOH for neutralizing 

8 Rinse thoroughly 

9 Dry the fabric at 70oC for 10 minutes 

 

6.3 Pilot Scale Results 

 After the fabric was treated by the recipe in Table 50 and the procedure in Table 51 it 

was dyed using Reactive Yellow 125, Reactive Blue 209, and Reactive Red 147 by recipe 

given in Table 4 to evaluate for cationization. 

 The Sum K/S obtained from  this method of cationization is given in Table 52 
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Table 52: Sum K/S by cationization in Mathis JFO at 10:1 liquor ratio 

Sample 

ID 

Sum 

K/S 

PY 223.92 

PB 195.39 

PR 146.39 

Where, 

PY, PB, and PR are the fabric pieces cut from same pilot treatment trial. 

 

 As it can be seen, the results from the treatment trial at 10:1 (P) are comparable to the 

results from treatment trial 2:1 (Experiment 11), it can be safely assumed that the amount of 

fixation of EPTAC on cellulose is higher than the hydrolysis of EPTAC.  

 

6.4 Reproducibility of pilot results 

 To ensure the reproducibility of the results obtained from experiment P, the same 

experimental conditions were kept on a sheeting fabric described as 100% cotton, plain 

weave, having 112.48 gsm. 

 For this purpose control fabrics were prepared for Reactive Yellow 125, Reactive 

Blue 209, and Reactive Red 147 dyed uncationized (C) and dyed cold pad batch cationized 

by alkali level in Experiment 11 (CP).  

The recipe and procedure for dyeing C was kept as Table 4.4 and the recipe and 

procedure for dyeing CP was kept as Table 4 The Sum K/S obtained by this are shown in 

Table 53. 
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Table 53: Sum K/S values for control fabrics 

Sum K/S 

  
Reactive 

Yellow 125 

Reactive 

Blue 209 

Reactive 

Red 147 

C 129.59 99.91 87.77 

CP 151.38 110.58 94.97 

 

From Table 53 it is clear that cold pad batch cationization did improve the Sum K/S 

values when compared to uncationized fabrics. Therefore, it was taken forth for cationization 

by exhaust processing. 

The recipe and procedure for cationization was kept as Table 50 and Table 51 

respectively. The results obtained after dyeing via the recipe in Table 4 are given in Table 54. 

 

Table 54: Results after cationizing in exhaust at 10:1 liquor ratio 

Sum K/S 

  
Reactive 

Yellow 125 

Reactive 

Blue 209 

Reactive 

Red 147 

C 129.59 99.91 87.77 

CP 151.38 110.58 94.97 

P1 185.74 166.11 135.3 

P2 184.91 167.63 132.08 

 

 From Table 54 it is evident that by using 4% CHPTAC at 60
o
C for 90 minutes 

cationization of cotton is indeed plausible. 
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6.5 Quality Assurance Test 

 In order to assure the quality the quality assurance tests AATCC TM 8 and AATCC 

TM 61 IIA were conducted on C, CP, P, P1, and P2. The details of which are shown below. 

 

6.5.1 AATCC TM 8 

 Dry and wet crock fastness was tested for the fabrics run in the pilot treatment trial. 

Table 55: Dry Crock Fastness Results 

Reactive Yellow 125 Reactive Blue 209 Reactive Red 147 

Sample ID 
Grey Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

C 5 C 4 C 4  

CP 5 CP 5 CP 5 

P 5 P 4 P 4 

P1 4-5 P1 4-5 P1 4-5 

P2 4-5 P2 4 P2 4 

 

Table 56: Wet Crock Fastness Results 

Reactive Yellow 125 Reactive Blue 209 Reactive Red 147 

Sample ID 
Grey Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

C 3-4  C 4  C 3-4 

CP 4-5 CP 5 CP 4-5 

P 4-5 P 3-4 P 4 

P1 4-5 P1 4 P1 3-4 

P2 4-5 P2 4-5 P2 4-5 
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6.5.2 AATCC TM 61 

 In addition to crock fastness wash fastness in terms of color change and staining was 

seen. Table 57 shows the results of color change of all three dyes. 

 

 

Table 57: Color change on samples after IIA testing 

 

Reactive Yellow 125 Reactive Blue 209 Reactive Red 147 

Sample ID 
Grey Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

Sample 

ID 

Grey 

Scale 

Reading 

C 5 C 5 C 4 

CP 5 CP 5 CP 5 

P 5 P 4-5 P 5 

P1 5 P1 5 P1 4-5 

P2 5 P2 5 P2 4 

 

 Table 58 shows the staining on multifiber strip of Reactive Yellow 125 

Table 58: Staining on Multifiber Strip of Reactive Yellow 125 

 

Reactive Yellow 125 

C CP P P1 P2 

Acetate 5 5 5 5 5 

Cotton 4 4-5 4 4-5 4-5 

Nylon 5 5 4-5 5 5 

Polyester 5 5 5 5 5 

Acrylic 5 5 5 5 5 

Wool 5 5 5 5 5 

 

Table 59 shows the staining on multifiber strip of Reactive Blue 209 
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Table 59: Staining on Multifiber Strip of Reactive Blue 209 

 

Reactive Blue 209 

C CP P P1 P2 

Acetate 5 5 5 5 5 

Cotton 5 4-5 5 5 5 

Nylon 5 5 5 5 5 

Polyester 5 5 5 5 5 

Acrylic 5 5 5 5 5 

Wool 5 5 5 5 5 

 

Table 60  shows the staining on multifiber strip of Reactive Red 147 

Table 60: Staining on Multifiber Strip of Reactive Red 147 

 

Reactive Red 147 

C CP P P1 P2 

Acetate 5 5 5 5 5 

Cotton 5 5 5 5 4-5 

Nylon 5 5 5 5 5 

Polyester 5 5 5 5 5 

Acrylic 5 5 5 5 5 

Wool 5 5 5 4-5 5 

 

Inferences 

 Based on the results obtained from the conventional dyeing it is seen that there is not 

much difference in terms of crock fastness or wash fastness and therefore. 
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7. Future Recommendations 

 These studies have shown that cationization can be accomplished in exhaust methods 

without using high amounts of alkalis and therefore when reactive dyeing eliminating the 

usage of salt altogether. 

In order to improve the efficacy of the process a mathematical model needs to be 

developed to optimize the usage of alkalis at different concentration levels of CHPTAC, 

which will give a better idea on how the usage of alkali is impacting the fixation of 

cationizing agent at different levels. 

Cationization in exhaust opens up multiple options for processing of textile goods. 

According to Li et. al 2012 
49

 the desizing, scouring and bleaching can be combined and 

accomplished using one bath two step exhaust processing therefore, work can be done in 

order to combine cationization with the preparation process. When successful it will be a 

breakthrough for green processing and less toxic and easily treatable effluent discharge. 
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8. Conclusion 

 The textile industry is famous for its wastage of natural resources such as water, 

consumption of power and raw materials. It is also responsible for the extensive discharge of 

the waste products. As it can be seen when reactive dyeing for cotton and related products, 

the waste discharge comprises of high quantity of salt and hydrolyzed dye. From the 

literature 
4, 8, 15

 it has been confirmed that the effluent discharge could be less polluted if the 

fabric is treated with 3-chloro-2-hydroxypropyltrimethyl ammonium chloride (CHPTAC) but 

the problem is that the cationization process needs to be done in the cold pad batch. 

Therefore, this paper focused mainly on cationizing in exhaust thus, making application of 

CHPTAC easier on the fabric. 

 The idea for exhausting EPTAC arises from the literature for reactive dyeing. It was 

seen that on certain alkali levels reactive dyes fix on the fabric and the same theory was 

applied for EPTAC. Considering EPTAC as a colorless reactive dye, alkali levels were 

determined based on the concentration of alkali required from the literature as seen above. It 

was seen that when the additional alkali was 50% NaOH in 5.2 ml/l quantity the cationization 

yield appears to be the highest.  

 The idea behind this was that upon equimolar of NaOH to CHPTAC, it converts into 

its reactive epoxy EPTAC, which upon addition of alkali gets fixed onto cellulose. For that 

matter different alkali levels were considered to see in which conditions the cellulose is 

conducive to fixation. The alkalis that fixed EPTAC on cellulose were 15 g/l Na2CO3 and 

5g/l 50% NaOH, 2 ml/l of 50% NaOH, 4.4 ml/l of 50% NaOH and 5.2 ml/l of 50% NaOH. 
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From the results it was observed that 5.2 ml/l of NaOH gave the highest level of cationization 

on cellulose.  

 The fastness properties of dyed fabrics were compared to the conventionally dyed 

with salt fabrics, currently practiced cold pad batch method, and experimental levels of 

alkalis in cold pad batch and exhaust methods, and it was seen that the values obtain from all 

of these are comparable to each other and there is not much of a difference there. 

 Therefore, it can be said that when the cotton fabric is treated with equimolar ratio of 

NaOH:CHPTAC and 5.2 ml/l of additional alkali is added and treated for 90 minutes at 60
o
C 

it can be said that we get a cationized cotton fabric. 
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