










































Shade change on dyed fabric finished with BTCA and phosphorus catalysts was 

illustrated by ~rodmam.(" The shade change of various classes of dyed fabric finished 

with BTCA is similar to the shade of DMDHEU finished fabric except for sulfur dyed 

fabrics which was suggested to. avoid those problem by using disodiumphosphite 

(Na,HPOJ as a catalyst. 

Nonphosphorus catalysts for BTCA finishing of cotton were currently introduced 

by Choi, Welch, and   orris.('^) Aromatic N-heterocyclic compounds, such as 

imidazoles and its derivatives, as well as mono or disodium salts of unsaturated 

carboxylic acids, such as fumaric, malelic, and itaconic, have been presented to be the 

considerable catalysts for the esterification reaction of BTCA 119' 

Although BTCA is found'to be the most effective acid for the durable pless 

finishing of cotton, but it is very expensive. To be considmd for practical we, large 

amount of research projects have focused ou modifying the BTCA system by using 

additives. Welch proposed the decreasement of BTCA concentration by using alpha- 

hydroxy di or tricarboxylic acid, as a co-reactant additive.(") To modify the dyeability of 

cross-linked cotton fabric, Blanchard et al., have presented the effective additives such as 

triethanolamine and the amine hydrochloride derivative.(m) 

2.8.2 Catalysts 

The catalysts is p m n t  to ensure that the crosslinking of reactant occurs with the 

fabric. It is the important fkctor for obtaining optimum effects in durable pless finishing. 

They are commonly selected on the basis of eWveness ,  safety, and economy. 

However, very little has been published in depth on how and why catalysts affect the 

balance of textile properties of treated fabric. 



The crosslinking reactions of cellulose are known as acid-catalyzed reactions. 

This means the speed of the reaction at constant temperature is increased if the 

concentration of hydrogen ions in the system is increased by the addition of acidic 

substances. Many works have developed and repozted various kinds of catalysts that 

being used to promote individual crosslinking system. The common types of catalysts 

for pad-dry-cure finishing process are as the following. 

2.83 Acid Salts 

Acid salts, especially alkali metal salts of phosphorus containing mineral acids 

show significantly greater activity as catalysts agents in the case of cross-linking with 

polycarboxylic acid. These kind of salts appear to play three roles. They serve as 

catalysts themselves, form partial salts of the polycarboxylic acid which are catalytic, 

and also act as efficient buffers. They can impart medium to high levels of durable press 

properties, while give marked decrease in acid-catalyzed tendering of the cotton fabric. 

Moreover, they minimize shade change during high temperatun of curing. At present, 

sodium hypophosphite is known as the most effective catalyst, As shown in Table 2.4, 

but still has disadvantages of high cost, its tendency to cause shade changes in fabric 

dyed with most sulfur dyes, as well as some reactive dyesi2') 

Sodium dihydrogen phosphate is less expensive and with BTCA or PCA does not 

cause any shade changes problem.'1'" Sodium dihydrogen phosphate , a fairly active 

catalyst, has a tendency to produce a faint yellowing in cotton during treatment, 

however, the satisfactory whiteness can be obtained with the rinsing process. 



Table 2.4 Catalysts of DP finishing with polycahoxylic acids (alkali metal 

phosphates, phosphites, and hypophosphites).~21' 
1 I 

Various sodium salts of alpha-hydroxy acids, such as citric, malic, and tutaric 

acids have been investigated as .alternative systems for BTCA finishing. Moreover, 

sodium salts of saturated carboxylic acids, such as formic, oxalic, malonic, succinic, 

glutaric and asipic acid were also studied. Choi and ~elch(~"found that they were more 

effective than sodium carbonate, but less effective than sodium hypophosphite. In 

sodium salts of unsaturated system such as mono- and disodium salts of fumaric acid, 

maleic acid, and itaconic acid. Choi, Welch and Morris '"' demonstrated their use as 

alternative to phosphorus-containing catalysts for esterification and cross-linking of 

cellulose with BTCA. 

2.9 Dyeing of reactive dye 

2.9.1 Dyeing of Cellulose with reactive dyes 

Cellulose fibers can be dyed with various classes of dyes. Most interestingly, 

reactive dyes ace widely employed for dyeing cellulose fibers because of their brilliance, 



wide shade gamut and excellent tbtness prop&ies, Reactive dyes are colored 

compounds containing suitable groups which are capable of forming covalent bonds 

with the fiber, hence giving dyeings that are fast to washing. Theoretically, any group 

that is able to react with hydroxylreactive sites in cellulose is a potential d v e  group 

to be incorporated in a reactive dye. However, practically, incorporation of some types 

of some types of reactive groups is limited because of their level of reactivity, their 

stability to hydrolysis, stability of the dyefiber bond and their case of manufacture. 

The most commercially practicable reactive dyes arc dyes which function under 

alkaline dyeing conditions. These dyes can be called alkali-fixing reactive dyes which 

fall essentially into two classes. In the first class, the reactive takes place via 

nucleophilic substitution, in which the leaving group in the dye molecule is attached by 

activated hydroxyl groups of cellulose, as shown in equation 1. The second class of 

reactive dyes contains dyes which react by nucleophilic addition or the Michael reaction; 

ah activated C=C bond adds directly as shown in equation 2, Scheme 2.6 "I. 

(DY~)-CH=CH,+ (Cellulose)-OH - (Dye)-CH,-CH,-0- (Cellulose) ( 2 )  
pH 10 

Scheme 2.6 Typical reactive dye reaction with cellulose.(') 



Examples of reactive dyes which function under nucleophilic substitution ( CI 

Reactive Red 3 ) and nucleophilic addition mechanism ( CI Reactive Black 5) an given 

below, Figure2.11 and Figure 2.12;") 

CI Reactive Red 3 

Figure 2.11 The reactive dye operated under nucleophilic substitution!') 

CI Reactive Black 5 

F l p r e  2.12 The reactive dye o p d  under nucleophilic addition.'" 



To achieve good dye fixation, it is necessary that an alkali must be added to 

dyebath in order to activate cellulose hydroxyl group to able to react with the reactive 

dye. It is because of the requirement of the alkaline dyeing conditions that prevent the 

dyeing of conventional reactive dyes with the finishing process which usually requires 

the acidic catalyst in promoting the crosslinking reaction. 

2.10 Concept of thls research 

In this research, the authors were interested in studying the simultaneous dyeing 

and finishing of cotton fabric in single step process. Combining those two processes is 

diffinitely amactive to the industry because of significant reduction in production costs. 

The fundamental idea of this project was to exploit a crosslinking agent which contains 

more than two functional groups. The first two groups were designed to undergo 

crosslinking reaction between adjacent cellulose polymer chains to impart wrinkle 

resistant properties to the fabric. In the mean time, by inclusion of hydroxyl group 

containing dye with the polyfunctional crosslinking agent, the hydroxyl group in the dye 

could also covalently react with the remaining functional groups of bonded crosslinking 

agent, thus binding the dye to the fiber. The functional crosslinking agent used in this 

study was butanetetracarboxylic acid (BTCA) which has the chemical structure as 

follows: 

Figure 2.13 The chemical structure of BTCA. "'' 



The selection of hydroxyl group containing dye is equally important. It was 

required that the reactivity of hydroxyl residue in the dye should be matched with those 

of hydroxyl group in the cellulose in order to achieve high dye fixation. There are a 

number of commercially available reactive dyes which have hydroxyl groups in dye 

molecule but all of them are attached to the aromatic ring, tending to possible poor 

reactivity. Hence, in this work, the modification of the dye was made by the reaction of 

commercial reactive dye with hydroxyethylamine (shown in Scheme 2.7). The result of 

the reaction yielded the dye which contained hydroxyalkyl residue. Like the cellulose 

hydroxyl groups, the hydroxyalkyl midue has the hydroxyl group which attached 

directly to aliphatic chain, therefon it reacted with crosslinking agent is similar fashion 

as did the cellulose hydroxyl group. The overall reaction scheme between the 

hydroxyalkyl dye, crosslinking agent and the cellulose hydroxyl group may be written as 

follows: 

Scheme 2.7 The reaction scheme between the hydroxyalkyl dye, crosslinking agent 

and the cellulose hydroxyl group. 



The idea of this project is to combine reactive dyeing and finishing of cotton 

fabric in single stage process. TO achieve this, a crosslinking agent will act two important 

roles at the same time; one is to kt as a crosslink between adjacent cellulose polymer 

chains and the other is to act as a bridge between dyes and the fiber. The reactive group 

of the dye should be able to react with a crosslinking agent under acidic conditions. 

2. I ooOc N' A N x 1, + h'H2C$40H - 
Chrornophore- I4 A R A~ A#-Chromphore 

Scheme 2.8 The reaction scheme of monochlorotriazinyl dye and ethanolamine. 

The modified dye obtained h m  Scheme 2.8 is so called hydroxyallql dye, h m  

this study, it can be dyed cotton cellulose in the same condition as BTCA finishing agent 

read with cellulose under NaH$O,.H$ catalyst (Scheme 2.7). 

The application of hydroxyalkyl dye and the crosslinking agent is carried out by 

pad-dry-cure method. The effects of factors influencing the crosslinking reaction are 

extensively investigated. The easy-care pmperties as well as the physical properties of 

dyed fabrics are also studied. 
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