
 

 

ABSTRACT 

NEENAZ, SADA. Comparison of Different Cationizing Agents on Cotton. (Under the 

direction of Dr. Peter J Hauser and Dr. Ahmed El-Shafei). 

 

Despite having wide varieties of fibers in the textile industry, cotton would always be 

the primary choice for apparel and clothing owing to its comfort properties. For dyeing of 

cotton, reactive dyes are mostly preferred because of their good wash and color fastness 

properties. Usage of reactive dyes in conventional dyeing methods requires huge amount of 

electrolyte for the exhaustion of dye onto the cotton fiber, and large amounts of water for 

removal of the unfixed dye, which increases the effluent load and pollution. Apart from the 

fact that, there is a lot of effluent load due to the waste water and higher amounts of salt, the 

treatment of waste water involves a lot of cost.  

 Chemical modification of cotton is one of the methods to overcome this problem and 

it permanently imparts positive charges on the cotton fiber. Cationizing agents are used for the 

chemical treatment of cotton. This helps in eliminating the use of salt in the dyeing process. 

Cationization of cotton also results in higher exhaustion rate of the dye onto the fiber, which 

ultimately reduces the amount of water used to remove the unfixed dye. Additionally, 

cationized dyed samples exhibit good fastness properties similar to that of conventionally dyed 

cotton.  

In this work, two types of dyes i.e., direct dyes and reactive dyes were used, and three 

different cationizing agents, CHPTAC (3-chloro-2-hydroxypropyl trimethyl ammonium 

chloride), PDADMAC (Polydiallyldimethylammonium chloride), and Polyhexamethyl 

biguanide (PHMB) were used. Samples treated with these three cationizing agents were 

compared in terms of their color strength and fastness properties. The K/S values of the dyed 



 

 

samples gives the color strength of the dye on the sample. The K/S values of uncationized dyed 

samples and cationized dyed samples were compared. CHPTAC has shown good color strength 

and fastness properties when compared to uncationized and other cationized samples. Though 

the color strength and fastness properties with some dyes is good in the case of PolyDADMAC, 

it is inferior to CHPTAC. In most cases, PHMB has shown poor fastness properties and the 

color strength is also inferior when compared to other cationizing agents and uncationized 

samples.  
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1. Introduction 

 

Cotton is the most important natural fiber used in the apparel industry. Cotton is well 

known for its aesthetic and comfort properties. Mostly, the cotton goods are dyed with reactive 

dyes and direct dyes. Conventional dyeing process involves usage of large amounts of salt and 

water. Salt is used to exhaust the dye onto the fabric and the amount of salt is calculated based 

on the depth of shade required. After the completion of the dyeing process, lots of water is 

required to wash away the unfixed dye molecules, which contributes a great amount to the 

effluent load. Also, higher costs are involved in treating the effluent from the textile industry. 

Changing the chemical structure of the cellulose molecule, and imparting positive charges 

helps overcome this problem, as it eliminates the usage of salt and higher amounts of water.  

In the present work, the cotton samples are treated with three different kinds of cationizing 

agents namely; CHPTAC, DADMAC and PHMB. These cationized samples were then dyed 

with both direct and reactive dyes. The dye shade obtained, the level of exhaustion and the 

fastness properties of these cationized samples were compared to each other, and also with the 

uncationized/ conventionally dyed cotton samples.  
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2. Literature review 

 

2.1 Cotton 

Cotton is an important fiber in the apparel industry and it’s a part of daily life. Cotton 

is used about 48% in the apparel materials in the world. It is a sub-tropical plant grown in many 

areas of the world. Cotton is known for its comfort properties and its hydrophilic nature 

although it has some limitations in terms of its properties. When the cotton fiber is viewed 

under the microscope, it appears as a twisted flattened tube, and it varies according to the cotton 

type [5-7]. The length of cotton fibers varies according to the region they are produced in, for 

example, the length of seal island cotton is 4.05 cm and the length of Indian cotton is 1.03 cm.  

The fineness of the cotton fiber depends on the length of the staple [5, 6]. Leading producers 

of cotton are USA, China, India, Pakistan and Australia [1]. Cotton is 99% cellulose. Cellulose 

is the most abundant and easily renewable source [9]. 

 

2.2 Chemistry of cotton 

Cotton is 99% cellulose. It contains carbon, hydrogen and oxygen with reactive 

hydroxyl groups in its structure. The basic unit of the cellulose molecule is glucose. Cotton has 

10,000 glucose monomers per molecule. The following picture shows the general chemical 

structure of the cellulose molecule.  
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Figure 1: Chemistry of cellulose molecule structure [3] 

  

Cellulose is a polymer of glucose and cellobiose is the repeating unit of cellulose. It is 

formed by condensation polymerization of B-D-glucopyranose joined by 1, 4-glucosidic 

bonds, which is the basic building block of cotton [2]. The chemical structure of cellulose 

consists of three hydroxyl groups, they protrude from the ring, formed by one oxygen and five 

carbon atoms. Hydrogen bonds occur between the hydroxyl groups of the adjacent molecules 

and because of this hydrogen bonding, the cellulose chains within the cotton fibers are held in 

place [4]. 

Each cellobiose unit of cellulose contains six hydroxyl groups, and these are chemically 

reactive. These groups undergo substitution reactions during the application of dyes and 

finishes for crosslinking.  There are two ends for each cellulose chain, reducing end and a non-

reducing end. Hydroxyl groups act as sorption sites for the water molecules [2]. The 

hydrophilic nature of these groups attracts water and has a moisture regain value of 11%. These 

hydroxyl groups are reactive towards chemicals and is advantageous in enhancing the 

properties of cotton by dyeing and finishing, the reactivity of primary OH group is higher than 

the other two secondary groups [3]. 
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2.3 Effect of alkali on cellulose 

Cotton is not affected by the cold and hot solutions of alkalis without the presence of 

air, but in the presence of air, oxidation of cellulose takes place and the fiber tenders. The 

cotton fibers swell in the presence of cold solutions of caustic soda. This process is termed as 

Mercerization. Surface area and reflectance is increased due to this process. The strength of 

the fibers and the affinity for dyes is increased [5]. 

 

2.4 Surface modification of cotton 

Owing to the limitations of cotton, some modifications have been done to the chemical 

structure of cotton to improve its dyeing properties, antimicrobial properties, shrinkage and 

other textile properties. Cotton fibers have a negative charge and because of this property, 

anionic dyes are repelled leading to low exhaustion rates [1, 11, 12, and 15]. To improve the 

exhaustion rates, usually electrolytes are added to the bath during dyeing which in turn causes 

environmental problems [11-14]. To avoid these, surface modification techniques have been 

implemented where the surface of the fibers are modified chemically by monomers, polymers, 

biopolymers or plasma etc. Surface modification of cotton by chemical means, blocks the OH 

functional groups in the fiber or imparts new functional groups which tend to improve the 

affinity properties [10]. Cationization is one of the surface modification techniques to improve 

the dye-ability of cotton fibers and reduce the usage of chemicals used in the dyeing process 

by introducing positive charged sites [13].  
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2.5 Dyeing cotton 

Before dyeing cotton, some pre-treatments need to be done to remove the impurities. 

Removing impurities makes it easy to improve the affinity of cotton for dyes and after 

treatments. Some of the factors that influence the kinetics of dyeing cotton fabrics are the 

dyeing conditions, nature of cellulosic substrate, dye molecule composition. Dye selection 

depends on several factors depending on the end application [2]. 

 

2.5.1 Pigments 

Pigments are colored compounds that are not soluble in water. Cotton can also be dyed 

with pigments. They are either organic or inorganic compounds. The main difference between 

the organic and inorganic compounds lies in terms of their cost, fastness and other physical 

properties [2]. Pigments are used along with binders, as they increase the affinity of the 

pigments for cellulose. The main difference between dyes and pigments lies in terms of their 

water solubility and hydrophilic groups.  While dyes are soluble in water and organic solvents, 

pigments are not soluble in either media. The application methods of pigments are usually 

padding, printing, and exhaust methods. The usage of pigments in textiles, has some 

limitations. The application of pigments is effective only on the surface of the textile substrate, 

they have a weak affinity, and they don’t penetrate deep inside the substrate like dyes [16]. 

 

2.5.2 Direct dyes 

Direct dyes are planar, highly conjugated molecular structures, they contain one or 

more than one anionic sulfonate group, which makes the molecules easily soluble in water [2]. 

The first direct dye discovered was Congo Red by Paul Bottinger in the year 1883. Although 
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direct dyes are anionic dyes, they have some substantivity for cellulosic fibers. The affinity of 

direct dyes is due to hydrogen bonding and Vander Waals forces [2]. It is usually carried out 

in a neutral or slight alkaline dye bath near the boiling point. After treatment is done to enhance 

the fastness properties. Direct dyes have a flat shape, the length of direct dyes enable them to 

lie alongside cellulose fibers and the Vander Waals, dipole and hydrogen bonds are maximized 

[4,17]. Direct dyes are classified into three classes – class A and class B and class C. 

 

- Class A – These class of dyes are self levelling dyes that have good migration or 

levelling properties. Class A dyes are either monoazo or disazo dyes with more than 

one solubilizing group. Examples of these dyes are Sirius Red R, Direct Blue 3RL. 

 

- Class B dyes are not self-levelling, but addition of salt can control the levelling 

properties, they are salt controllable. Class B dyes are disazo dyes having three or 

four solubilizing groups. Example: Azonine Scarlet 8B. 

 

- Class C dyes are highly sensitive to salt and only addition of salt can control the 

exhaustion of these dyes. Also, temperature gives additional control. They are 

temperature controllable. When compared to Class A and Class B dyes, these 

require less amounts of salt. Example: Carbide Black E [18, 19]. 

The main advantage of using these dyes are, low dye and chemical cost and lower water 

consumption, shorter dyeing times because of which the cost of dyeing is low. Low 

concentrations of salt are used to achieve a very high degree of dye exhaustion [18]. 
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The following figures show some of the examples of direct dye structures: 

 

Figure 2: Structure of Direct Blue 71 dye [77] 

 

 

Figure 3: Structure of Congo Red 4B dye molecule [77] 

 

2.5.3 Vat Dyes 

Vat dyes are known for their best overall fastness properties of cellulose. These dyes are 

anthraquinone or indigo derivatives. Anthraquinone derivatives contain aromatic ring systems 

with conjugated double bonds. The vat dyes are not soluble in water, they are converted to a 

water soluble leuco form by reduction before dyeing, and re-oxidized to the insoluble pigment 

form after dyeing the cotton. Sodium hydrosulphite is the most commonly used reducing agent, 
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it is stable in the presence of alkali. Vat dyes contain either two or more than two keto groups. 

In the dyeing process, the properties of the leuco form is influenced by the chemical 

constitution of the dye, like levelling properties, diffusion into the fiber, substantivity [75]. 

Indigo is the popular dye of all the vat dyes [18-19, 75]. Main limitation of vat dyes to cellulosic 

fibers is due to the usage of strong alkaline solutions during vatting and dyeing and limited 

color range [4]. 

 

Figure 4: Indigo - Chemical structure of C. I. Pigment Blue 66 

 

 

Figure 5: Reduction of insoluble dye to leuco form 

 

2.5.4 Sulphur dyes 

Sulphur dyes are water-insoluble dyes and these are a kind of vat dye [18]. Of all the other 

classes of dyes, these dyes have duller range of colors. Like the vat dyes, sulphur dyes are 

converted into soluble leuco forms by reduction, but with milder reducing agents like sodium 
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sulphide and sodium hydrosulphide. Reduction to leuco process changes the original structure 

and after dyeing and reoxidation, S-S bonds are formed. A very little is known about the 

chemistry and constitution of sulphur dyes [4]. High amounts of sodium sulphide are used in 

the manufacture of sulfur dyes and effluent also contains most of this used sodium sulphide 

which causes environmental issues. Sulphur dyes in the presence of acidic solutions of 

reducing agents, release hydrogen sulphide. This is mainly due to the loosely bound sulphur. 

Wash fastness properties of cotton goods dyed with these dyes can be improved by resin 

finishing [4, 75]. 

 

2.5.5 Reactive Dyes 

Reactive groups are extensively used for dyeing cotton. They have a reactive group 

which is capable of forming a covalent bond with the fiber. Reactive dyes are mostly preferred 

for dyeing cotton owing to their excellent fastness properties. Additives used in reactive dyeing 

are glauber’s salt, sodium sulfate and carboxymethyl cellulose (CMC). CMC is used as a 

levelling agent in the cationized dyeing process. CMC helps in reducing the dye strike and 

helps in preventing unleveled dyeing [19]. 

In 1955, a procedure for dyeing cotton with fiber reactive dyes that contain 

dichlorotriazine groups was developed by Rattee and Stephen. The molecular structures of 

these reactive dyes have resemblance to acid and direct dyes with an added reactive group [22].  

Some of the structures of reactive dyes are anthraquinone, triphenodioxazine. 

The structural features of reactive dyes are categorized into four groups:  

1. Chromophoric systems  

2. Sulphonate groups 
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3. Reactive groups 

4. Bridging groups [21] 

 

The following figure shows the structural features of C.I. Reactive blue 109 

 

 

Figure 6: Structural features of C.I. Reactive Blue 109 dye molecule [76]. 

 

The chromophoric system gives color to the molecule and it also plays a role in 

lightfastness. This part of the reactive dye molecule contains water-solubilizing groups. The 

bridging groups usually serves as a links between the chromophoric system and the fiber 

reactive group [16]. 

 

There are two types of reactive dyes: 

1. Dyes that react with cellulose by nucleophilic substitution 
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2. Dyes that react with cellulose by nucleophilic addition [21] 

Following figures show some of the examples of commercially available reactive dyes 

 

Figure 7: Remazol Brilliant Blue R [Reactive Blue 19] [77] 

 

 
 

Figure 8: Cibacron Brilliant Yellow 3G-P 
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Following structures are some of the fiber reactive groups in reactive dyes [4]. 

                                       

 

                  

                                

                                                             

 

           

 

                                                                   

                                                                  

 

                                                                       

                                                           

 

 

 

 

 

 

 

                                                                                                

 

Figure 9: Fiber reactive groups in reactive dyes 

Dichlorotriazine [DCT] Monochlorotriazine[MCT] 

Monofluorotriazine[MFT]

] 

Trichloropryimidine [TCP] 

Difluorochloropyrimidine[DFCP] Dichloroquinoxaline[DCQ] 

Nicotinyltriazine [NT] Vinylsulphone 
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2.5.5.1 Fastness properties 

Reactive dyes exhibit good fastness properties on cotton. But, due to incomplete 

removal of the hydrolyzed and unreacted dye, the wash fastness properties are inferior, but 

they give good light fastness properties. The good fastness properties of reactive dyes are 

because of the formation of a stable covalent bond between the reactive group of the dye and 

the cellulose polymer [21]. 

To improve the fastness properties, fixatives are used which increases the affinity 

between the dye molecules and cellulose [2]. 

 

2.5.5.2 Demerits of the reactive dyes 

The main problem with reactive dyes in exhaust dyeing is fixation. When dyeing with 

a high liquor ratio, it is often observed that the level of fixation is quite low, that means, the 

exhaustion rate is low i.e., the amount of dye that reacts with the fiber is less which results in 

high dye concentrations in the effluent [21]. Another major problem is high salt concentrations 

in the effluent. These high amounts of salt and alkali in the dye bath, cause disturbances in the 

bio chemistry of water organisms, when released into water [23]. 

 

2.5.5.3 Factors affecting dyeing 

Variables like time, temperature, pH, which need to be monitored and controlled during 

the process of dyeing for effective results and to avoid wastage of chemicals, power and 

resources by achieving right results the first time. It is important to understand the time and 

dyeing temperature at which there is an increasing rate of dye uptake on the fabric. Time and 

temperature are directly related to the uptake of dye onto the fabric. As the time increases, the 
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dye shade increases. We can expect a large variance in data with modification of hold time and 

temperature during the dyeing process. Cellulose structure opens up due to the raise in 

temperature which leads to increase in the accessibility of cellulose hydroxyls that also 

enhances mobility and reactivity of the dye molecules, and the dye-fiber interaction [78]. 

During dyeing of cellulose fabric some alkali is used up. pH influences the concentration of 

cellusate sites on the fiber. Once the pH of temperature bath reaches 12, raising the dyeing 

temperature increases the dyeing rate. 

 

2.6 Quaternary Ammonium Compounds 

Quaternary ammonium salts are the most important type of cationic fixing agents used 

in textile finishing process. They are also used as antimicrobials in textiles. Quaternary 

ammonium compounds are commercially available from many suppliers. These are applied to 

the fibers either before or after dyeing to improve the fastness properties of anionic dyes. In 

short quaternary ammonium compounds are referred to as Quats. They are ammonium 

compounds in which four organic groups are linked to a nitrogen atom that produces a 

positively charged ion. Usually, the organic radical is the cation and the chlorine is the anion. 

The polymers with cationic charge and containing quaternary ammonium groups have high 

antimicrobial properties compared to other low molecular weight polymers [25-28]. 

The following picture shows the general structure of a quaternary ammonium 

compound: 
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Figure 10: General structure of a quaternary ammonium compound [56]. 

Any or all of the R groups may be the same or different alkyl groups. 

R1, R2, R3, and R4 are described in three general groups. X, the counter ion is a salt 

forming anion that allows water solubility of the quaternary ammonium complex. Examples 

of X include chloride, bromide, iodide or methosulfate [56]. 

Examples of a quaternary ammonium compound is: 

 

Figure 11: Example of quaternary ammonium compound - tetra methyl ammonium chloride 

[56]   

 

2.6.1 Properties of Quaternary Ammonium Compounds 

Quaternary ammonium compounds are colorless and odorless; stable against reaction 

with organic matter, resistant to corrosion of metals and not affected by hard water, stable 
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against temperature fluctuation with a long shelf life, non-irritating to the skin, effective at a 

high pH with detergency and soil penetration ability, effective against mold growth [25-29]. 

According to USEPA, quats are categorized into four groups: 

1. Group 1: alkyl [straight chain] or hydroxyl substituted quats 

2. Group 2: non-halogenated benzyl substituted quats, it also includes hydroxyl benzyl, 

hydroxyethylbenzyl, naphylmethyl, dodecyhlbenzyl, and alkyl benzyl 

3. Group 3: di- and tri-chlorobenzyl substituted quats 

4. Group 4: quats with unusual substituents [24]. 

 

Biodegradation: Some quats are biodegradable and the biodegradability is inversely 

proportional to alkyl chain length. 

Toxicity: With increase in chain length of alkyl group, toxicity increases. 

 

2.6.2 Quaternary ammonium compounds in dyeing 

 Modification of cellulose fibers with quaternary ammonium compounds has been 

common. Use of quaternary ammonium compounds in cellulose dyeing enhances the 

dyeability of the cellulose, and the dye fastness properties are significantly increased. The 

advantage of using cationic polymeric pretreatment agents is that, they are strongly substantive 

to the treated cellulosic textile material and this can ease the application of dyes to the 

cellulosix textile materials without using any salt. These quaternary ammonium compounds do 

increase the attraction of anionic dyes by the fiber [80]. 
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2.7 Cationization of cellulose 

Reactive cotton dyeing has an environmental impact because of the discharge of large 

amounts of colored and salt effluents. Also, the cost is higher because of the low exhaustion 

and dye fixation. Large volumes of water and high energy are required in removing hydrolyzed 

dye from the fabric, which also increases the cost [30]. Cationization of cotton chemically 

helps to overcome this problem, cotton fibers can be dyed without the usage of salt by 

chemically modifying the cotton, imparting positive charged sites in the cotton [30]. 

When cotton fibers are immersed in water, they tend to build up negative charges which 

repel the anionic dyes and affect the dye exhaustion rate. To overcome this problem, large 

amounts of electrolyte such as sodium chloride and sodium sulfate are added in the dye bath. 

Pre-treating the cotton fiber before the actual dyeing process helps in improvement of the dye- 

fiber affinity, substantivity is increased due to the presence of positive charges imparted to the 

fiber [36, 37]. 

The cotton fibers are chemically modified by the cationization process. Positively 

charged dye sites are produced replacing the –OH sites. Another advantage of cationization is 

that fabrics after dyeing require minimal rinsing and after washing [36]. Cationization results 

in a little loss of whiteness of the cotton fabric and the weight doesn’t seem to change [31, 35]. 

After cationizing the cotton fabric with cationizing agents, cationic dye sites are created and 

they are ready to be dyed without the use of salt and alkali with good exhaustion rate. When 

compared to conventional dyeing, the time of dyeing process is reduced with less usage of 

chemicals and energy. Also, the fastness properties are similar to the conventionally dyed 

cotton [30, 32, and 34]. 
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2.7.1 Limitations of cationization 

Though the cationization process has several advantages in terms of dye exhaustion, 

fastness properties, it’s not widely implemented due to several reasons: 

By using exhaust methods, the fixation rate of cationic agents is low which increases 

the processing and chemical costs. Also, some modifications are need to be done to the existing 

processes for the cationic cotton. Selection of dye can be an issue, since not all the dyes work 

well with cationic cotton and selection depends on the color, depth of shade and fastness 

properties. Also, with some dyes, light fastness can be an issue [30]. In this study, different 

direct and reactive dyes are used. Both the dye types are almost completely exhausted onto the 

cationized cellulosic fiber. When compared to conventionally dyed cotton, the shade is brighter 

and the fastness properties are better. 

In this research, quaternary cationic ammonium compounds were used to pretreat the 

cellulose fibers, and eliminate the amount of electrolyte required. Three cationizing agents are 

used, CHPTAC, DADMAC and PHMB. Dye uptake and fastness properties are assessed using 

three kinds of reactive dyes, and direct dyes. Color strength was also measured at the end of 

the dyeing cycle. 

 

2.7.2 CHPTAC 

CHPTAC is a quaternary ammonium compound and can be obtained economically in 

pure and stable form for cellulose modification. It can be used in cationization of starch and 

cationization of cotton for printing and dyeing [38].  
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Figure 12: Structure of CHPTAC molecule 

CHPTAC is formed from the reaction of epichlorohydrin and trimethylamine 

hydrochloride [42, 44, and 45]. CHPTAC in the presence of alkali forms EPTAC which further 

reacts with alcohols under alkaline conditions to form ethers. When the cotton fiber reacts with 

ethers it produces a modified fiber that will have cationic dye sites in its structure that are 

covalently bound to polymer chains. The anionic reactive dyes get attracted to these dye sites, 

which in turn reduces/eliminates the use of higher amounts of electrolyte [40]. The following 

reactions show the conversion of CHPTAC to EPTAC and its reaction with cotton. 

 

 

 

 

Figure 13: Conversion of CHPTAC to EPTAC 

 

+ NaOH 

CHPTAC EPTAC 
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    Figure 14: Reaction of EPTAC with Cotton 

CHPTAC can be applied to the fabric by different techniques like cold pad-batch, pad 

bake, pad steam, pad bake and exhaust [39, 40]. However, cold pad batch method is the most 

preferred process with uniform distribution of dye sites and higher yields of cationically 

modified cotton [41]. With increase in liquor ration, the fixation efficiency decreases since 

EPTAC hydrolysis reaction is more favorable with higher concentrations of water and higher 

temperature [45]. The cationically charged cotton has a higher affinity for direct and reactive 

dyes since they carry anionic charges [41]. The cationic dyeing begins under alkaline 

conditions and there are no electrolytes needed for dye exhaustion [41, 43]. 
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2.7.2.1 Impurities present in CHPTAC 

CHPTAC CR2000 solution is a 65% active solution used in the experiments in textiles 

due to its low trimethylamine content and low odor. The following table shows impurities 

found in CHPTAC solutions. 

Table 1: Impurities in CHPTAC 

Chemical Name Content 

2,2- dihydroxypropyltrimethylammonium chloride- diol <1.5% 

Epichlorohydrin <10 ppm 

Bis/trimethylammoniumchloride-2-hydroxypropane 1.3-4% 

1,3-dichloro-2-propanol <20 ppm 

 

2.7.2.2 Properties of CHPTAC 

Table 2: Properties of CHPTAC 

Molecular formula C6H15C12NO 

Molecular weight 188.10 g/mol 

pH 3-5 

Density 1.16 

Solubility Water, 2-Propanol 

Color Colorless  

Active matter content >69% 

Odor Odorless 

Melting point 180.5°C 
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Boiling point 190°C 

Specific gravity 1.11 

 

2.7.2.3 Environmental hazards 

Though CHPTAC has many advantages in improving the dye exhaustion rate in 

industrial processes, there are certain risks of its exposure to environment [44]. CHPTAC can 

be released into environment during certain stages i.e.  

- During the production of CHPTAC, some amount is released into the 

environment 

- During cationization of starch 

- In paper making and paper cycling process, while using starch with residual 

CHPTAC 

- Other industrial uses. 

According to researchers, there is no harm to workers or other human populations 

with mutagenicity, carcinogenicity and sensitization during CHPTAC to EPTAC conversion 

during use [43]. 

 

2.7.3 DADMAC and PolyDADMAC 

DADMAC is a quaternary ammonium compound which is formed by the reaction of 

allylalcohol and dimethylamine. PolyDADMAC is synthesized, using organic peroxide as a 

catalyst by radical polymerization of DADMAC. The structure of PolyDADMAC is cyclic and 

it undergoes cyclo polymerization. DADMAC can be used in the manufacture of cationic water 
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soluble polymers as a monomer and it has high efficiency [47, 52 and 53]. In the manufacture 

of water soluble cationic polymers, DADMAC is used in closed systems as allyl chloride is 

irritating. The chronic toxicity levels are low to experimental animals and it is biodegradable. 

The residual monomer concentration varies from 1-5%. They can be applied in many industrial 

purposes like water-treating, textile printing and paper manufacturing industries. It is used in 

antimicrobial coatings of textiles [48, 55, and 56]. 

 

 

DADMAC 

 

PolyDADMAC 

Figure 15: Chemical structure of DADMAC and PolyDADMAC  
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DADMAC has wide applicability. It contains hydrophilic charged quaternary 

ammonium groups which gives them the property of good water solubility. It is reported as a 

strong antimicrobial agent in literature [52, 53]. DADMAC is widely used on polyethylene as 

antimicrobial coatings [54]. DADMAC is also used in the surface modification of cotton 

during dyeing. It can be applied to cotton fabric by pad-dry-cure method. When cotton fabric 

is treated with DADMAC, the fibers swell. Modifying the surface of the cotton by DADMAC, 

increases the color value of reactive dyes, direct dyes and the fastness properties. DADMAC 

treatment also reduces the process time and uses less energy. 

 

2.7.3.1 DADMAC properties 

Table 3: Properties of DADMAC [50] 

Molecular Formula C8H16NCL 

Molecular Weight 161.67 

Storing conditions 30 degrees centigrade 

Melting Point 151-152.5 degrees centigrade 

Solubility Alcohols, Acetone, 1-Methyl-2-Pyrrolidone, 

Tetra methyl urea/ dimethylformamide 

pKa 7.0 

 

2.7.3.2 Synthesis 

DADMAC can be produced in 3 qualities [50] 

1. Solid diallyldimethylammonium chloride 

2. Purified aqueous monomer solutions without sodium chloride 
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3. Aqueous monomer solutions containing sodium chloride 

Synthesizing solid dadmac from dimethylamine and allylchloride is a two step process. 

1st step: alkylation of dimethylamine with allylchloride in aqueous alkaline medium [50] 

 

2nd step: quaternization in organic medium with allylchloride 

 

  Figure 16: Synthesis of DADMAC [50] 

 

2.7.4 Polyhexamethylene biguanide [PHMB] 

Reputex 20 is the commercial name of the compound PHMB. PHMB is a 

polybiguanide, it is a cationic linear polymer composed of cationic biguanide units separated 

by aliphatic chains. It has a hydrophobic backbone. It is widely used as an anti-bacterial agent, 

it also has cationizing effect on cotton [61, 64]. Cotton pretreated with PHMB shows an 

increase in the uptake of direct dyes, acid dyes and reactive dyes [64, 69]. When the cotton 

fabric is treated with PHMB, salt linkages and hydrogen bonds are formed between the cotton 

carboxy groups and cationic PHMB [66-68]. Due to electronic interactions with the negatively 

charged groups, these cationic biguanide groups bind the polymer to fabric surface [61]. The 

active part of PHMB is the biguanide groups [62]. 
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Figure 17: Chemical structure of PHMB molecule [81] 

 

Polyhexamethylene biguanide has on an average of 11-15 biguanide units. In textiles, 

PHMB is used in anti-microbial finishes and it also has a cationizing effect on cotton. There is 

an increase in the uptake of dye when the fabric is treated with PHMB. Dye exhaustion rate is 

60-65% [63]. PHMB can be applied by padding and exhaustion. For textile treatments, PHMB 

is trademarked as Reputex 20 and Reputex 48. Several experiments have shown that, 0.75% 

add on of PHMB on the finished fabrics inhibits the growth of S. aureus beneath the fabric. 

Water is a good solvent for PHMB, as it is easily soluble in water [61]. PHMB has its 

limitations, like durability and environmental release of potentially damaging materials [66]. 

Limited data is available in the open literature about the environmental effects of PHMB. 

PHMB is toxic to aquatic life though it has a low health risk to environment or human life [71-

74]. 
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2.7.4.1 Properties 

Table 4: Properties of PHMB 

Color Colorless- yellow 

pH 4-5 

Density 1.03-1.046 

Boiling temp 102-105 degrees centigrade 

Solubility Soluble in water, aliphatic alcohols, glycol 

Insoluble in organic hydrocarbons 

Odor No odor 

 

2.8 The Kubelka-Monk theory and K/S 

 The dyed samples were tested for the measurement of color strength using 

spectrophotometer color i7. Sum K/S values of the control samples which were conventionally 

dyed were measured and are used for comparing with the cationized dyed samples. The 

Kubelka-Monk equation defines spectral reflectance(R) of the sample and scattering(S) 

relationship and is given as follows: 

K/S = [1-0.001 R2] / 2[0.01R] 

 While measuring the K/S values using spectrophotometer, some conditions are 

maintained. In the experiments, conditions are: Reflectance mode, 25 nm slit diameter, average 

of 4 readings, specular condition included and UV energy excluded. 

In the textile applications, this theory makes an assumption that the scattering (S) of a 

dye depends on the properties of the substrate, and the absorption (K) of light depends on the 
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colorant properties. It also assumes that the distribution of dye is uniform on the sample and 

there is no interaction [83, 84]. K/S value is given as: 

 

K/S = [c1K1 + c2K2 + c3K3+ … + Kn] / Sn 

Where, 

C = concentration of the colorants 

K = absorption coefficient 

S = scattering coefficient 
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3. EXPERIMENTAL 

3.1 Materials used: 

100% cotton bleached fabric was used in the experiments. In these experiments, 

different types of reactive dyes and direct dyes were used. Listed are the chemicals and 

auxiliaries used in the experiments: 

 

Table 5:  List of dyes, chemicals and auxiliaries used in the experiments 

 

S.No. Name Supplier Used as 

1 CR – 2000 [65%] Dow Chemicals CHPTAC  

[cationizing agent] 

2. DADMAC Sigma Aldrich Cationizing agent 

3. Polyhexamethylene Biguanide Sigma Aldrich Cationizing agent 

4. Sodium Sulfate Brenntag Electrolyte [Glauber’s 

salt] 

5. Sodium Carbonate Brenntag Alkali [Soda Ash] 

6. Carboxymethyl cellulose Rohm & Haas CMC [Levelling agent] 

7. Acetic Acid Brenntag Acid 

8. Citric Acid Brenntag Acid 

9. Ammonium Persulfate Sigma Aldrich Initiator 

10. Seta Fast C-TE Dystar Fixing agent 

11. Sirius B Dystar Cationic Aftertreatment 
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Table 6: List of dyes 

S.No. Name of the dye 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 

4. Novacron Red LS-BN Reactive Red 281 Huntsman 

5. Novacron Yellow LSR-1 Reactive Yellow 208 Huntsman 

6. Novacron Blue LS-3R Reactive Blue 263 Huntsman 

7. Remazol Brilliant Blue C-R Reactive Blue 235 Dystar 

8. Remazol Brilliant Red 3BS Reactive Red 239 Dystar 

9. Remazol Brilliant Yellow - Dystar 

10 Solophenyl Red 3BL Direct Red 80 Huntsman 

11 Solophenyl Yellow GLE Direct Yellow 106 Huntsman 

12 Solophenyl Blue TLE Direct Blue 94 Huntsman 

13 Drimarene Blue X-3LR Reactive Blue 52 Clariant 

14 Drimarene Red X-6BN Reactive Red 243 Clariant 

15 Drimarene Yellow X-4RN Reactive Orange 70 Clariant 

16 Sirius Red K-BE - Dystar 

17 Sirius Yellow K-CF-

SMPL4 

- Dystar 

18 Sirius Blue K-BE-SMPL4 - Dystar 
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3.2 Equipment 

Bleached 100% cotton fabric was used directly for the experimentation. These 

uncationized samples were dyed by the conventional method using an Ahiba Texomat Machine 

and the cationized samples were dyed using Ahiba Nuance machine. A thermal curing machine 

was used for curing the samples treated with DADMAC. Once all the samples were dyed, their 

K/S values were determined using an X-rite colorimeter spectrophotometer using the color 

iControl Software. 

 

3.3  Pre-treatment: Experimental procedure for cationization 

3.3.1 CHPTAC 

1. Solution was preparing using 40g/L  CHPTAC and 37g/L NaOH 

2. The cut fabric samples were padded at 100% wet pickup using Mathis Laboratory 

Padder 

3. The padded fabrics were batched overnight 

4. The pad-batch fabric samples were then neutralized using 0.5g/L citric acid and air 

dried 

 

3.3.2 DADMAC 

1. Solution was prepared using 2% DADMAC and 0.5% APS 

2. The fabric samples were then padded at 100% wet pickup using Mathis 

Laboratory Padder 
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3. The padded fabrics were then thermally dried at 70OC  for 2 minutes, initiator 

activates between 60O and 80O C and thus polymerized 

4. The dried samples are now thermally cured at 120 OC for 3 minutes to terminate 

5. Samples were then rinsed and air dried 

 

3.3.3 PHMB 

1. Solution of PHMB was prepared using 4% PHMB 

2. The fabric samples were then padded at 100% wet pickup using Mathis 

Laboratory Padder 

3. The padded fabrics were then thermally dried at 120O C for 5 minutes 

4. Samples were then rinsed and air dried. 

 

3.4  Dyeing Procedures 

Material to liquor ratio used in the dyeing experiments was 20:1. The uncationized 

samples were dyed by the conventional method on Ahiba Texomat machine at 2% along with 

the required amounts of glauber’s salt and soda ash. 

 

Dyeing recipes and the ratio of chemicals used in the dyeing process for the dyes listed 

in Table 2 are given below:  
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3.4.1 Drimarene K dyes 

Table 7: Drimarene K dyes: Ratio of chemicals 

Dye shade percentage 2% 

Glauber’s salt[g/L] 60 

Soda ash[g/L] 25 

 

Conventional dyeing procedure: 

1. Required amount of salt, dye and soda ash is calculated. 

2. Add the wet fabric sample to the calculated amount of salt and water at room 

temperature 

3. Run the fabric for 5 minutes 

4. Calculated amount of dye is added and run for 10 minutes 

5. Calculated amount of soda ash is added and run for another 10 minutes 

6. The dye bath is heated to 60 OC at the rate of 1 OC per minute and dyeing is continued 

for 40 minutes at constant temperature  

7. Cool down the bath to 50 OC and discard it 

8. The dyed samples are rinsed with hot water at 70 and then with cold water at room 

temperature 

9. The samples are neutralized in 0.5g/L acetic acid for 5 minutes and the bath is discarded 

10. 1g/L surfactant is added and the sample are scoured for 10 minutes at 95 OC 

11. The samples are then rinsed with cold water 

12. Samples are air dried 
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3.4.2 Drimarene X dyes 

Table 8: Drimarene X dyes: Ratio of chemicals used in the dyeing process 

Dye shade percentage 2% 

Glauber’s salt[g/L] 60 

Soda ash[g/L] 15 

 

Conventional dyeing procedure: 

1. Required amount of salt, dye and soda ash is calculated. 

2. Add the wet fabric sample to the calculated amount of salt and water at room 

temperature 

3. Run the fabric for 5 minutes 

4. The bath is heated to 95 OC at the rate of 1 OC / 1.8F per minute 

5. Calculated amount of dye is added and run for 10 minutes at 95 OC 

6. Calculated amount of soda ash is added and run for another 40 minutes at 95 OC 

7. Cool down the bath to 50 OC and discard it 

8. The dyed samples are rinsed with hot water at 70 OC and then with cold water at room 

temperature 

9. The samples are neutralized in 0.5g/L acetic acid for 5 minutes and the bath is discarded 

10. 1g/L surfactant is added and the sample are scoured for 10 minutes at 95 OC 

11. The samples are then rinsed with cold water 

12. Samples are air dried 
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3.4.3 Novacron dyes 

Table 9: Novacron dyes: Ratio of chemicals used in the dyeing process 

Dye shade% 2 

Glauber’s salt 60 

Soda ash 14 

 

Dyeing procedure: 

1. Set the temperature of dyeing bath to 60 OC 

2. Required amount of salt and water is added 

3. The fabric samples are added and run for 5 minutes at 60 OC 

4. The dye is added and the machine is run for 5 minutes at 60 OC 

5. Soda ash is added and the machine was continued to run for 40 minutes at 60 OC 

6. The dye bath is cooled down to 50 OC and discarded 

7. Samples are rinsed with hot water at 70 OC and then with cold water at room 

temperature 

8. Samples are neutralized using 0.5g/L acetic acid and the bath is discarded 

9. 1g/L surfactant is added and the samples are scoured for 10 minutes at 95 OC 

10. Samples are rinsed with cold water and then air dried. 
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3.4.4 Remazol dyes 

Table 10: Remazol dyes: Ratio of chemicals used in the dyeing process 

Dye shade% 2 

Glauber’s salt[g/L] 50 

Soda ash[g/L] 10.4 

 

Dyeing Procedure: 

1. Required amounts of salt, dye and soda ash is calculated. 

2. The wet fabric samples are added to the calculated amount of salt and water at room 

temperature 

3. Calculated amount of dye was added and run for 5 minutes 

4. 1/3rd amount of calculated soda ash was added to the bath and run for 10 minutes 

5. The dye bath was heated to 60 OC at the rate of 1 OC /min/1.8 F/min and continued to 

dye for 10 minutes at 60 OC 

6. Then, the remaining 2/3rd  soda ash was added and continued to dye for 20 minutes at 

60 OC 

7. The dye bath is cooled down to 50 OC and discarded 

8. The dyed fabric samples were rinsed with hot water at 70 OC and then with cold water 

at room temperature 

9. Samples are neutralized using 0.5g/L acetic acid and the bath is discarded 

10. 1g/L surfactant is added and the samples are scoured for 10 minutes at 95 OC 

11.  Samples are rinsed with cold water and then air dried 
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3.4.5 Solophenyl dyes: (direct dyes) 

Table 11: Solophenyl dyes: Ratio of chemicals used in the dyeing process 

Dye shade % 2 

Glauber’s salt[g/L] 25 g/L 

Soda ash 2% 

 

Dyeing procedure: 

1. Run the fabric samples at 40 OC on ahiba texomat machine for 10 minutes with addition 

of dye and auxiliaries 

2. After 10 minutes, add 1/5th of salt 

3. Raise the temperature to 98 OC [201F] – add 4/5th salt 

4. Run for 45 minutes 

5. Cool down to 80 OC and run the samples for 15 minutes 

6. Cool it down to 20 OC for 7 minutes 

7. Let it stand for 40 minutes 

8. Rinse the samples thoroughly 

After treatment: 

1. The dyed fabric samples are treated with the agent Albafix E [max 5%] y= 0.5+[2x% 

dye] 

2. Fabric samples are run on the texomat at 40 OC for 10 minutes 

3.  2 ml/l Caustic soda is added and run at 66 degrees Tw 

4. The fabric samples are then rinsed and neutralized with acetic acid for 5 minutes at 

40OC 
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3.4.6 Dystar Sirius dyes: 

Table 12: Dystar dyes: Ratio of chemicals used in the dyeing process 

Dye shade % 2 

Glauber’s salt[g/L] 25 g/L 

Soda ash 2% 

 

Dyeing procedure: 

1. Run the fabric samples at 40 OC  with addition of dye and levelling agent for 10 

minutes 

2. Raise the temperature to 100 OC and once it reaches the temperature, let it stand for 

50 minutes 

3. Addition of salt must be done in three intervals 

4. Cool it down to 80 OC and stand it for 20 minutes 

5. Drop the temperature down to 60 OC 

6. The fabric samples must be washed with warm and cold water 

7. Cationic after treatment must be done  

After treatment: 

1. The dyed fabric samples are treated with the agent Sirius B= 1.0 + [1.5*dye 

concentration]= 4% 

2. Fabric samples are run on the texomat at 40 OC 

3. Sirius B is added, and again run for 10 minutes 



39 

 

 

 

  

4. 1.4 ml/L Caustic soda is added and run for another 20 minutes at constant 

temperature 

5. The fabric samples are then taken out, rinsed thorougly and neutralized. 

 

3.4.7 Dyeing procedure for cationized cotton samples: 

The cationized cotton samples are dyed at 2% shade with the recommended amount of soda 

ash mentioned 

1. Required amounts of water, dye, soda ash, and CMC are calculated and added in the 

beaker 

2. Wet fabric samples are added and the beaker is sealed 

3. The chamber is heated to 60 OC at 2 OC /min 

4. Dyeing is continued for 40 minutes at 60 OC 

5. The dye bath is cooled down to 40 OC and discarded 

6. The dyed fabric samples are rinsed with hot water at 70 OC and then rinsed with cold 

water at room temperature 

7. Rinsed samples are then neutralized using 0.5 g/L acetic acid for 5 minutes and the 

bath is discarded 

8. The samples are rinsed with cold water 

9. Fabric samples are extracted and air dried 
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3.4.8 Testing for fastness properties:  

The cotton samples pretreated with the cationizing agents CHPTAC, DADMAC and 

PHMB and the uncationized samples are dyed as mentioned above, and the samples are tested 

for fastness properties. The dyed samples are tested for wash fastness, light fastness and crock 

fastness. The following table shows the machines used for testing the fastness properties. 

 

Table 13: Fastness testing machines 

Type of Machine Purpose 

Crockmeter Rubbing fastness 

Laundrometer Wash fastness 

Spectrophotometer K/S value 

UV exposure machine 20 hour light fastness 
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4. RESULTS AND DISCUSSION 

 

Dyeing with direct dyes: 

Direct dyes are widely used in coloration of cotton fabrics. Dyeing of cotton with direct 

dyes is done in the presence of an electrolyte NaCl or Na2SO4. The light fastness of cotton 

fabrics treated with direct dyes varies from poor to fairly good. Direct dyes have deeper color 

shades and good light fastness properties but the wash fastness properties are low. Direct dye 

dyeing is often followed by after-treatment to improve the fastness properties of the dyed 

fabrics 

 

4.1 Fastness results of Solophenyl direct dyes: 

The samples cationized with the three cationizing agents mentioned, are dyed with 

Solophenyl direct dyes – Solophenyl Red 3BL, Solophenyl Yellow GLE and Solophenyl Blue 

TLE. The samples are then tested for their wash fastness, rubbing fastness, light fastness 

properties and K/S values. 

 Samples treated with all the three cationizing agents, i.e., CHPTAC, DADMAC and 

PHMB and dyed with the above mentioned dyes showed good light fastness properties ranging 

from 4.33 to 4.66. The following table shows the fastness readings of all the samples. The wash 

fastness of CHPTAC samples is superior to other samples treated with DADMAC and PHMB. 

DADMAC and PHMB samples showed very poor wash fastness properties but good light 

fastness properties owing to their surface adsorption. While the dry rubbing fastness of all the 

4 kinds of samples are good, the wet rubbing fastness of samples treated with CHPTAC is less 
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than the uncationized samples, but higher than DADMAC and PHMB treated samples. Refer 

table 14 and 15, figure 18. 

 Color strength is higher in the dyed samples that are treated with CHPTAC compared 

to other samples. The dye uptake of samples treated with DADMAC is also high compared to 

PHMB fabrics and is close to uncationized samples. PHMB samples dye uptake is low. Thus, 

clearly, samples cationized with CHPTAC have the maximum color strength. The order of K/S 

values of the treated samples is as follows: CHPTAC> Uncationized> DADMAC>PHMB. 

Refer table 16, figure 19. 

Following table shows the k/s values and testing values of all the cationized samples 

with Solophenyl dyes. The dyes Solophenyl Blue TLE, Solophenyl Yellow GLE , Solophenyl 

Red 3BL are referred to as  A,  B and  C respectively in the following table. 

 

Table 14: Fastness values of samples dyed with Solophenyl direct dyes 

Crock meter Wash Fastness Light Fastness 

Finish type   A B C A B C A B C 

   Dry Wet Dry Wet Dry Wet          

Uncationized 5 4-5 5 4-5 5 4-5 4-5 4 4-5 5 3-4 4-5 

CHPTAC 5 4 5 4 5 4 5 4-5 5 5 4-5 4-5 

DADMAC 4-5 2 5 2 5 2 3 3 2 4-5 4 4 

  PHMB 4-5 2 4-5 2 5 2 4 2-3 2-3 4 4-5 4-5 
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Table 15: Multifiber strip staining values of samples dyed with Solophenyl direct dyes 

Wash Fastness values: Laundrometer 

Material Uncationized CHPTAC DADMAC PHMB 

 A B C A B C A B C A B C 

Acetate 5 5 5 5 5 5 5 5 5 5 5 5 

Cotton 3 2-3 3-4 4 4-5 5 2 1-2 2-3 1 1 1 

Nylon 5 5 4-5 5 5 5 5 4 4-5 4 3 4 

PE 5 5 5 5 5 5 5 5 5 5 5 5 

Acrylic 5 5 5 5 5 5 5 5 5 5 4-5 5 

Wool 5 5 5 5 5 5 5 5 5 5 5 5 

 

Table 16: K/S values of samples treated with Solophenyl dyes 

K/S VALUES – Solophenyl dyes 

Trial Name A B C 

UNCATIONIZED 9.902 12.683 11.32 

CHPTAC 12.229 15.665 16.256 

DADMAC 10.072 11.82 11.326 

PHMB 8.362 9.691 8.572 
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Figure 18: Comparison of fastness properties of cationized samples dyed with Solophenyl 

dyes 

 

 The following graph shows the comparison of K/S sum values of the samples treated with 

different cationizing agents vs. uncationized sample dyed with solophenyl dyes.  

 

Figure 19: Comparison of K/S values of different samples dyed with solophenyl dyes 

 

4.2 Fastness results of Dystar Sirius dyes: 

The uncationized samples, and CHPTAC, DADMAC and PHMB treated samples are 

dyed with Sirius direct dyes namely Sirius Blue K-BE-SMPL4, Sirius Yellow K-CF-SMPL4 

and Sirius Red K-BE.  The following tables and graphs show the fastness results of the samples 

dyed with these dyes. Samples treated with CHPTAC have shown good wash, rubbing and 

light fastness properties when compared to other cationized samples.  DADMAC and PHMB 

exhibited medium-good wash fastness properties. Though, the dry rubbing fastness of 

DADMAC and PHMB is equally good as CHPTAC and uncationized samples, wet rubbing 
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fastness is poor. Overall, CHPTAC samples exhibited excellent fastness properties when 

compared to other cationized samples. Refer figure 20. In the following table, Sirius direct 

dyes namely Sirius Blue K-BE-SMPL4, Sirius Yellow K-CF-SMPL4 and Sirius Red K-BE are 

referred as A, B, and C respectively. 

Table 17: Fastness values of samples dyed with Dystar dyes 

Crock meter Wash Fastness Light Fastness 

Type of finish A B C A B C A B C 

   Dry Wet Dry Wet Dry Wet          

Uncationized 5 4-5 5 4-5 5 4 5 5 4 4-5 4-5 4 

CHPTAC 5 4-5 5 4-5 5 4 5 5 5 5 4-5 4-5 

DADMAC 4-5 2 5 2 5 2 3-4 3-4 3 4-5 4 4 

PHMB 4-5 2 4-5 2 4-5 2 4 3-4 3 4-5 3-4 2 

 

Table 18: Multifiber strip staining values of samples dyed with Dystar direct dyes 

Finish type Color Acetate Cotton Nylon PE Acrylic Wool 

CHPTAC A 5 4-5 5 4 5 5 

B 5 4 5 5 5 5 

C 5 4 5 5 5 5 

DADMAC A 5 2 5 5 5 5 

B 5 2 5 5 5 5 

C 5 1-2 5 5 5 5 
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Table 18 continued 

 

PHMB A 5 1 5 5 5 5 

B 5 1 5 5 5 5 

C 5 1 4 5 5 5 

UNCATIONIZED A 5 5 5 5 5 5 

B 5 5 4-5 5 5 5 

C 5 5 4-5 5 5 5 

 

The color strength is higher in the case of CHPTAC samples compared to other 

cationized and uncationized samples. Though DADMAC samples have good color strength, 

the wet fastness properties are poor. The order is as follows: CHPTAC> DADMAC> 

uncationized> PHMB. Refer table 19, figure 23. 

 Following table shows the K/S values of the cationized and uncationied samples dyed 

with Sirius Blue K-BE-SMPL4, Sirius Yellow K-CF-SMPL4 and Sirius Red K-BE dyes. 

 

Table 19: K/S values of samples dyed with Dystar dyes 

K/S VALUES – DYSTAR 

Trial Name A B C 

UNCATIONIZED 13.174 11.207 12.665 

CHPTAC 19.109 15.55 16.292 

DADMAC 12.89 14.368 14.182 

PHMB 10.126 9.909 9.869 



48 

 

 

 

  

 

 

 

Figure 20: Comparison of fastness properties of cationized samples dyed with Dystar dyes 

0.00

1.00

2.00

3.00

4.00

5.00

Dry Crocking Wet Crocking Washfastness Light fastness

Sirius Blue K-BE-SMPL4

Uncationized CHPTAC DADMAC PHMB

0.00

1.00

2.00

3.00

4.00

5.00

Dry Crocking Wet Crocking Washfastness Light fastness

Sirius Yellow K-CF-SMPL4

Uncationized CHPTAC DADMAC PHMB

0.00

1.00

2.00

3.00

4.00

5.00

Dry Crocking Wet Crocking Washfastness Light fastness

Sirius Red K-BE 

Uncationized CHPTAC DADMAC PHMB



49 

 

 

 

  

 

Figure 21: Comparison of K/S values of different samples dyed with Dystar dyes 

 

Dyeing with reactive dyes: 

 Reactive dyes are widely used for dyeing cotton. The dye contains a reactive group, 

which forms covalent bond between the dye molecule and the terminal –OH group of the 

cellulose fiber and becomes an integral part of the fiber. Each reactive dye has a different 

reactive group and properties of the dyed samples vary accordingly. Reactive dyes are easily 

soluble in water and they are known for their good wash and light fastness properties. Reactive 

dyes give brighter shades and are comparatively cheap [3]. 

 

4.3 Fastness results of Drimarene K reactive dyes: 

The cationized and uncationized samples are dyed with Drimarene K dyes namely 

Drimarene Blue K-2RL, Drimarene Yellow K-2R and Drimarene Red K-4BL. These are dyed 
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at 60 OC. These dyes are based on chlorodifluoropyrimidine reactive groups and are the same 

chemically. The reactivity of these fibers is intermediate. These dyes produce excellent 

fastness properties and give good color strength. The wash fastness and K/S values of the dyed 

samples are as follows: 

Wash fastness and wet rubbing properties of the samples treated with CHPTAC are 

higher than other cationized and uncationized samples. The order of wash fastness of the 

samples is as follows: CHPTAC> Uncationized> DADMAC> PHMB. The rubbing fastness 

properties of CHPTAC and uncationized samples are equally good. The wet fastness properties 

of DADMAC and PHMB are very poor. The light fastness properties of CHPTAC and 

uncationized samples are good but DADMAC and PHMB have lower light fastness values. 

Refer table 20 and 21, figure 24. In the following tables, the dyes Drimarene Blue K-2RL, 

Drimarene Yellow K-2R, Drimarene Red K-4BL will be referred as dyes A, B, C. 

 

Table 20: Fastness values of samples dyed with Drimarene K reactive dyes 

Crock meter Wash Fastness Light Fastness 

Finish type A B C A B C A B C 

   Dry Wet Dry Wet Dry Wet          

Uncationized 4-5 4-5 5 4-5 5 4-5 5 4-5 5 5 5 4 

CHPTAC 4-5 4-5 5 4-5 4-5 4 5 5 5 5 4-5 4 

DADMAC 5 3 4-5 3-4 5 3 3-4 4 3 3-4 3-4 2 

  PHMB 5 4-5 5 4-5 5 4-5 2-3 2-3 2-3 4 2-3 1 
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Table 21: Multifiber strip staining values of samples dyed with Drimarene K reactive dyes 

Type of finish Color Acetate Cotton Nylon PE Acrylic Wool 

CHPTAC B 4-5 4 4-5 5 5 5 

A 5 5 5 5 5 4-5 

C 5 5 5 5 5 4-5 

DADMAC B 5 3 5 5 5 4-5 

A 5 3-4 5 5 5 5 

C 5 4-5 5 5 5 5 

PHMB B 5 2-3 4-5 5 5 4-5 

A 5 2-3 4-5 5 5 5 

C 5 3-4 5 5 5 5 

UNCATIONIZED B 5 4-5 5 5 5 5 

A 5 4-5 5 5 5 5 

C 5 4-5 5 5 5 5 

 

Table 22: K/S values of samples dyed with Drimarene K dyes 

 

K/S VALUES – DRIMARENE K DYES 

Trial Name A B C 

UNCATIONIZED  9.128 7.32 6.985 

CHPTAC 11.833 15.27 12.583 

DADMAC 8.619 15.005 8.1 

PHMB 3.331 5.075 2.376 
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Figure 22: Comparison of fastness properties of samples dyed with Drimarene K dyes 

 

The samples treated with CHPTAC have higher color strength than other cationized 

samples. The color strength of DADMAC is higher than the samples treated with PHMB and 

uncationized samples. The order of color strength of the dyed samples is as follows: CHPTAC> 

DADMAC> uncationized> PHMB. The following plot shows the comparison of K/S values 

of different samples dyed with Drimarene k dyes. 

 

 

Figure 23: Comparison of K/S values of different samples dyed with Drimarene k dyes 
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and C respectively. The samples treated with Drimarene X dyes show good wash fastness 

properties. CHPTAC and uncationized samples exhibit equally good wash fastness properties, 

DADMAC and PHMB have poor wash fastness properties.  All the samples exhibit good dry 

rubbing fastness properties. Likewise, light fastness properties of CHPTAC and uncationized 

samples are higher, DADMAC and PHMB treated samples have over all low wet fastness 

properties and low light fastness properties (Refer table 23 & 24, figure 24).  

 

Table 23: Fastness values of samples dyed with Drimarene X dyes 

Crock meter Wash Fastness Light Fastness 

Finish Type A B C A B C A B C 

  Dry Wet Dry Wet Dry Wet       

Uncationized 5 4-5 5 4-5 5 4-5 4-5 5 5 4-5 5 4-5 

CHPTAC 4-5 4-5 5 4-5 4-5 4 5 5 5 4-5 5 4-5 

DADMAC 4-5 2-3 5 2-3 5 2-3 2-3 2-3 2-3 3-4 2-3 2 

PHMB 4-5 3-4 4-5 3 4-5 3 2-3 2-3 2-3 3-4 3-4 1 

 

Table 24: Multifiber strip staining values of samples dyed with Drimarene X reactive dyes 

Finish type Color Acetate Cotton Nylon PE Acrylic Wool 

CHPTAC A 5 4 5 4 5 5 

B 5 4-5 5 5 5 5 

C 5 5 5 5 5 5 

DADMAC A 5 3-4 5 5 5 5 
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Table 24 continued 

 

 

B 5 3-4 5 5 5 5 

C 5 4 4 4 5 5 

PHMB A 5 2 4 5 5 5 

B 5 2-3 5 5 5 5 

C 5 2 3 3-4 4 5 

UNCATIONIZED A 5 4-5 5 5 5 5 

B 5 4 4-5 5 5 5 

C 5 4-5 4-5 5 5 5 

 

From the K/S values table, it can be seen that, the samples treated with CHPTAC have 

a higher color strength. Though the samples treated with DADMAC have high color strength, 

they exhibit poor wet fastness properties. PHMB has poor color strength. The order of K/S 

values of the samples are as follows: CHPTAC> DADMAC> uncationized> PHMB. Refer 

table 25, figure 25. 

Table 25: K/S values of samples dyed with Drimarene X dyes 

K/S VALUES – DRIMARENE X 

Trial Name A B C 

UNCATIONIZED 2.708 6.47 6.652 

CHPTAC 12.72 11.713 15.593 

DADMAC 13.13 5.54 7.83 

PHMB 5.103 4.217 4.02 
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Figure 24: Comparison of fastness properties of samples dyed with Drimarene X dyes 
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Figure 25: Comparison of K/S values of different samples dyed with Drimarene X dyes 

 

4.5 Fastness results of Remazol dyes: 

All the cationized and uncationized samples are dyed with Remazol reactive dyes 

namely Remazol Brilliant Blue C-R, Remazol Brilliant Yellow, Remazol Brilliant Red 3BS 

dyes and these are referred as dye A, B and C respectively. Following tables and plots show 

the wash, rub, light fastness and K/S values of all the samples. The wash fastness properties of 

the uncationized samples and the samples treated with CHPTAC exhibit good wash fastness, 

light fastness properties. Samples treated with DADMAC and PHMB show poor wet fastness 

and light fastness properties. The rubbing fastness of all the cationized and uncationized 

samples are good, though the values of DADMAC and PHMB are slightly lower than the other 

two kinds of samples. Refer table 26 & 27, figure 26. 
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Table 15: Fastness values of samples dyed with Remazol dyes 

Crock meter Wash Fastness Light Fastness 

Finish type A B C A B C A B C 

   Dry Wet Dry Wet Dry Wet          

Uncationized 5 4 5 4 5 3-4 5 5 5 4 4-5 4-5 

CHPTAC 5 4-5 5 4-5 5 4 5 5 5 4 4-5 4-5 

DADMAC 4-5 2-3 4-5 2-3 5 2-3 4-5 4-5 4 2-3 3 2 

PHMB 4-5 3-4 5 3 4-5 3 3-4 3 2-3 1-2 1-2 1 

 

Table 27: Multifiber strip staining values of samples dyed with Remazol dyes 

Finish type Color Acetate Cotton Nylon PE Acrylic Wool 

CHPTAC A 5 5 4-5 5 5 5 

B 5 4-5 5 5 5 5 

C 5 4-5 4-5 5 5 5 

DADMAC A 5 4 4-5 4-5 5 5 

B 5 2 4-5 4-5 5 5 

C 5 3 5 4-5 5 5 

PHMB A 5 2-3 4 4 4 5 

B 5 2 4-5 5 5 3 

C 5 2 5 5 5 5 

UNCATIONIZED A 5 4-5 4-5 5 5 5 

B 5 4-5 5 5 5 5 
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    Table 27 continued 

 

 C 5 4-5 5 5 5 5 

 

Table 28 shows the K/S values of the samples cationized with CHPTAC, DADMAC, PHMB 

and uncationized samples. The samples treated with DADMAC and CHPTAC have higher 

color strength. 

 

Table 28: K/S values of samples dyed with Remazol dyes 

K/S VALUES – REMAZOL 

Trial Name A B C 

UNCATIONIZED 9.138 4.688 5.833 

CHPTAC 16.286 12.668 12.236 

DADMAC 16.707 16.179 12.027 

PHMB 8.835 7.166 4.757 
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Figure 26: Comparison of fastness properties of cationized samples dyed with Remazol dyes 

0

1

2

3

4

5

Dry Crocking Wet Crocking Wash fastness Light fastness

Remazol Brilliant Blue C-R

Uncationized CHPTAC DADMAC PHMB

0

1

2

3

4

5

Dry Crocking Wet Crocking Wash fastness Light fastness

Remazol Brilliant Yellow

Uncationized CHPTAC DADMAC PHMB

0

1

2

3

4

5

Dry Crocking Wet Crocking Wash fastness Light fastness

Remazol Brilliant Red 3BS 

Uncationized CHPTAC DADMAC PHMB



61 

 

 

 

  

 

Figure 27: Comparison of K/S values of different samples dyed with Remazol dyes 

 

4.6 Fastness results of Novacron dyes: 

All the cationized and uncationized samples are dyed with Novacron reactive dyes – 

Novacron Blue LS-3R, Novacron Yellow LSR-1, Novacron Red LS-BN. The wet fastness, rub 

fastness, light fastness and K/S values are as reported below. The samples treated with 

CHPTAC and the uncationized samples exhibit equally good wash fastness properties. The 

wash fastness of the samples treated with DADMAC and PHMB are very poor. CHPTAC also 

exhibits good light fastness and rubbing fastness properties when compared to other samples. 

PHMB and DADMAC samples have over all poor fastness properties. Clearly, CHPTAC is 

the preferred cationizing agent, and it has excellent fastness properties and color yield. In the 

following tables, the dyes Novacron Blue LS-3R, Novacron Yellow LSR-1, Novacron Red 

LS-BN are referred to as dye A, B and C respectively. Refer table 29 & 30, figure 28.  
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Table 29: Fastness values of the samples dyed with Novacron dyes 

Crock meter Wash Fastness Light Fastness 

Finish type A B C A B C A B C 

   Dry Wet Dry Wet Dry Wet          

Uncationized 5 4-5 5 4-5 5 3 5 5 4-5 4-5 5 4-5 

CHPTAC 5 4-5 4-5 4 5 3-4 5 5 5 4-5 5 4-5 

DADMAC 4-5 4 5 3 4-5 2 4 4-5 4-5 4 3-4 2 

PHMB 5 4 5 3-4 5 3 2-3 3 2-3 3 2-3 1 

 

Table 30: Multifiber strip staining values of samples dyed with Novacron dyes 

Finish type Color Acetate Cotton Nylon PE Acrylic Wool 

CHPTAC B 5 5 5 5 5 5 

A 5 4-5 5 5 5 4-5 

C 5 4-5 5 5 5 4-5 

DADMAC B 5 4-5 5 5 5 5 

A 5 2 4-5 4-5 5 5 

C 5 4-5 5 5 5 5 

PHMB B 5 2-3 5 5 5 5 

A 5 2-3 4-5 5 5 5 

C 5 3 5 5 5 5 

UNCATIONIZED B 5 5 5 5 5 5 

A 5 4-5 5 5 5 5 
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Table 30 continued 

 C 5 4-5 5 5 5 5 

 

Following table shows the K/S values of all the dyed samples. From the following 

information, it can be clearly seen that, CHPTAC treated samples have higher absorbency than 

other cationized and uncationized samples. Uncationized samples have lesser dye absorbency 

than CHPTAC samples, but higher than DADMAC and PHMB treated samples. DADMAC 

and PHMB treated samples have very poor dye absorbency. 

(Refer table 31, figure 29) 

 

Table 31: K/S values of samples dyed with Novacron dyes 

K/S VALUES – NOVACRON 

Trial Name A B C 

UNCATIONIZED 7.406 10.373 8.186 

CHPTAC 11.598 12.027 12.635 

DADMAC 7.181 3.252 4.73 

PHMB 3.296 2.251 2.346 
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Figure 28: Comparison of fastness properties of cationized samples dyed with Novacron 

dyes 

 

 
 

Figure 29: Comparison of K/S values of different samples dyed with Novacron dyes 
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5. CONCLUSION 

 

From the research it can be said that, with the cationizing agents, it is possible to obtain 

good or comparable shades as uncationized and unconventionally dyed cotton samples without 

the use of salt and in a lesser time. CHPTAC gave the highest color yield compared to the other 

cationizing agents and the results are better than uncationized cotton. The quaternary 

ammonium group ((CH3)3N
+) present in the CHPTAC molecule has a positive charge and this 

positive charge leads to the formation of ionic bonds with the anionic groups which are 

negatively charged, found in anionic dye classes. Increase in the ionic attraction between the 

dye and cationized cotton helps in improvement of dyeability. In some cases, as the 

concentration of the cationizing agent increases, the dye exhaustion increases. CMC and alkali 

were used in the dyeing process of cationized cotton for better levelling and dye uptake. 

 Samples cationized with CHPTAC, DADMAC and PHMB were dyed with direct and 

reactive dyes. It is observed that each dye reacts differently with the cationized samples. The 

samples cationized with the same cationizing agent, do not have the same results when they 

are dyed with different dyes. CHPTAC has shown excellent wash fastness, rubbing fastness 

and light fastness properties with both direct and reactive dyes used in the research and higher 

color strength values when compared to other cationizing agents and conventionally dyed 

samples. This is because, cationization with CHPTAC takes place through the fiber and it is 

permanently bonded to the cotton fibers. DADMAC and PHMB have shown low-medium 

wash fastness properties, but good light fastness and dry crocking properties as conventionally 

dyed samples in the case of Solophenyl dyes and Sirius dyes. Color strength of these two 

cationizing agents is good but less than CHPTAC and uncationized samples when dyed with 
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Solophenyl and Sirius dyes. The wash fastness and light fastness properties of DADMAC 

samples in the case of Drimarene K dyes is medium but PHMB has shown poor wash fastness 

and light fastness properties comparatively. Both, DADMAC and PHMB showed poor wash, 

rub fastness and light fastness properties with Drimarene X dyes whereas CHPTAC has 

excellent wash, dry and light fastness properties. In the case of Remazol reactive dyes, the 

wash fastness properties of DADMAC as good as uncationized and CHPTAC samples but the 

wet rubbing fastness is poor and the light fastness is moderate. Fastness properties of PHMB 

is moderate. Also, the color strength of DADMAC samples with Remazol dyes is as good as 

CHPTAC. With Novacron reactive dyes, the wash fastness, rub fastness and light fastness 

properties of DADMAC are good, but PHMB exhibited low-moderate fastness properties and 

the color strength of DADMAC is moderate, while PHMB has shown low color strength.  

Though DADMAC exhibited good color strength values in some cases, they showed 

moderate-poor wash fastness properties in the case of Solophenyl and Drimarene X dyes and 

the color strength, fastness values are inferior compared to CHPTAC. The cationization of 

cotton with DADMAC is on the surface and due to the cyclic structure of PolyDADMAC, it 

forms a cyclo butane ring and this renders the dye from reaching dye sites. Though PHMB 

showed moderate-good wash fastness and light fastness properties in the case of Solophenyl 

dyes, Sirius dyes and Remazol dyes, properties of PHMB are inferior to other cationizing 

agents and the color strength is comparatively very poor in the case of all the dyes. The PHMB 

molecules hydrogen bonds with cotton and the cationization takes place only on the surface 

but not through the fiber.   

Thus, when all the three cationizing agents are compared, CHPTAC is superior in terms 

of fastness properties and color strength and the properties are excellent when compared to 
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conventionally dyed samples, without any use of salt. When cationizing the cotton fibers with 

CHPTAC, cationization takes through the fiber unlike DADMAC and PHMB, where the 

cationization occurs just on the surface.  
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6. FUTURE WORK 

This research has shown that, salt free dyeing and higher dye exhaustion is possible 

with the usage of cationizing agents. Dye uptake and fastness properties depends on the 

cationizing agent, and the structure of dye used. Each class of dye showed difference in results.  

 The dyes can almost be 100% exhausted onto the cotton fabric without the use of 

electrolyte. Dyeing on the cationized cotton gave higher color strength than the uncationized 

cotton without any use of electrolyte. Treatment of cotton with these cationizing agents 

enhances the uptake of the dye by introducing cationic sites on cotton. It also helps in reduction 

of quantity of water used, energy and chemicals required for the dyeing process. 

This study can be further continued by dyeing the cationized cotton with other class of 

dyes and comparing the properties and fastness of the treated samples and chemically 

modifying the surface with other quaternary ammonium compounds like choline chloride, 

polyepichlorohydrin dimethylamine. Also, the amount of cationization on the samples can be 

measured by determining nitrogen level in each case. Experiments may be done by increasing 

the concentrations of the cationizing agents. 
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