
INTRODUCTION

Typical reactive dyes which give a covalent link with the

fiber are azo dyes containing halide or vinyl sulfone substi-

tuent. The reactive dye group that forms cellulose ethers is

composed of vinyl sulfonyl dyes, which react by means of a

nucleophilic addition mechanism on the double bonds. These

dyes are formed in an alkali environment, as we can see in the

Scheme-I for a vinyl sulfonyl dye1-3.
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Scheme-I: Reaction of dyes with the cellulose fiber

Although the double bond doesn't exist in the original

reactive dye, it forms easily and quickly in a basic environ-

ment due to the presence of -SO2- groups which are electron

attractors and facilitate the nucleophilic attack on the β carbon,

completing the reaction by the acquisition of a proton4.

However, if aminophenyl-β-sulfatoethyl sulfone is used

as an intermediate in the course of manufacturing vinylsulfone-

based reactive dyes, spray-dry method is adapted or large

amount of salts is used because high water solubility of dyes

hinder the salting out. The isolation of dyes by spray-drying
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or by using large amount of salts may cause environmental

pollution with waste water containing a good deal of dyes and

salts and eventually require much expenses on sewage treat-

ment. Recently, in some developed countries such as European

countries and U.S.A., there is restriction on salt concentration

in dye water waste, thus continuous studies have been conduc-

ted in order to obtain low-salt dye and succeeded in marketing.

This paper describes concerns not only dyeing properties of

dyes synthesized with aminophenyl-β-acetoxyethyl-sulfone

group on cotton, but also considers the effectiveness of salting-

out and purity.

EXPERIMENTAL

All dyeings were carried out in polymat dyeing machine,

housed in a Ahiba using a liquor ratio of 20:1. The extent of dye

fixation that occurred as a function of the dyeing concentration

was determined by measuring the absorbance of an appropri-

ately diluted aliquot of cool dye solution, using Shimazu UV-

VIS spectrophotometer at the λmax of the dye.

The mercerized cotton, scoured and bleached silk, wool

were used.

Vinyl sulfone dyes used were supplied by Sumitomo

Chemical Co. Ltd. These dyes were usedwithout further purifi-

cation for dyeing. Chemicals used were a regent grade. Synthesis

of dyes containing acetoxyethyl sulfone reactive group were

prepared and their structures are shown (Figs 1-3).
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Fig. 1. Molecular structure of the reactive black dyes
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Fig. 2. Molecular structure of the reactive red dyes
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Fig. 3. Molecular structure of the reactive blue dyes

Dyeing method5-6: The new dyes are used for exhaust-

dyeing the fabrics such as cotton and wool is compared with

commercial vinyl sulfonyl reactive dyes. (Dyeing levelness,

fixation value, light fastness properties etc.)

Measurement of surface dyeing concentration7: Kubelka-

Munk equation:

K/S = (1-R)2/2R

where K: coefficient of absorption; S: coefficient of scatter;

R: Reflectance of the sample at a given wavelength.

Measurement of fixation value8: The percentages of

fixation were measured by equation 1.

[(1-A/A0)] × 100 (1)

wherein, A0 is an absorbance of dye bath before dyeing; A is

the sum of absorbance of after dyeing and washing.

Measurement of fastness: Various fastness of dyeing

sample were measured. Light fastness was evaluated according

to KS K 0218 direct-illumination method.

RESULTS AND DISCUSSION

Synthesis of acetoxyethyl sulfone dyes: In synthesizing

process of dyes with using aminophenyl-β-acetoxyethylsulfone

group, it is possible to lower the concentration of salt in water

waste because only half amount of salt is used in salting-out

process than the conventional dyes. Also it is cost-effective in

sewage treatment because only a small amount of dyes is lost

during the filtering owing to low solubility of dyes. Further-

more, thus prepared dyes has a high purity containing a small

amount of salt and be able to lower the concentration of salt

and make it easier desalting process in manufacturing liquid

dyes.

Dyeing behaviour of acetoxyethyl sulfone dyes: When

applied to cotton fabric, the reactive black dye containing

β-acetoxyethylsulfone group show excellent levelness of

dyeing and reproducibility as well as several fastness, which

is well applicable to dyeing of cellulose fabrics. In comparison

with commercial black dye containing β-sulfatoethylsulfone

group (Reactive black 5), Table-1 shows that the p-acetoxyethyl

sulfone system back dye exhibited almost the same degree of

colour yield and fixation percentages as conventional dyes.

However, light fastness enhanced 0.5 grade higher than those

(Table-1). The fixation percentages of the new red and blue

reactive dyes increased 5 % than those of conventional dyes

(Tables 2 and 3) on cotton fabric.

TABLE-1 
DYEING BEHAVIOUR OF REACTIVE  

BLACK DYE ON COTTON 

Category (o.w.f.) 
p-Acetoxy-

ethyl sulfone 
system 

m-Acetoxy-
ethyl sulfone 

system 

β-sulfatoet-

hyl sulfone 
system 

1 % 89 83 87.5 Dyeing yield 
(%) 3 % 83 78 84.8 

1 % 4 4 3-4 Light 
fastness* (%) 3 % 4-5 4-5 4 

 
TABLE-2 

DYEING BEHAVIOUR OF REACTIVE RED DYE ON COTTON 

Category (o.w.f.) 
p-Acetoxy-

ethyl sulfone 
system 

m-Acetoxy-
ethyl sulfone 

system 

β-sulfatoet-

hyl sulfone 
system 

1 % 91.5 92.0 87.5 

2 % 90.2 89.8 86.8 
Dyeing 

yield (%) 
3 % 88.2 87.0 84.8 

1 % 4 4 4 Light 

fastness* (%) 3 % 4-5 4-5 4-5 

 
TABLE-3 

DYEING BEHAVIOUR OF REACTIVE BLUE DYE ON COTTON 

Category (o.w.f.) 
p-Acetoxy-

ethyl sulfone 
system 

m-Acetoxy-
ethyl sulfone 

system 

β-sulfatoet-

hyl sulfone 
system 

1 % 91.2 90.5 86.4 

2 % 90.1 89.1 84.9 
Dyeing yield 

(%) 
3 % 87.2 86.4 81.6 

1 % 3-4 3-4 3-4 Light 
fastness* (%) 3 % 4-5 4-5 4-5 

 
In case of silk fabric, the new red and blue dyes show

better dyeing yield, but the only new black dye exhibited

almost the same degree of colour yield. (Fig. 4) When applied

to wool fabric and the new three dyes show better dyeing yield

with enhanced substantivity and higher brightness. (Fig. 5)

The all of new reactive dyes showed excellent levelness of

dyeing and reproducibility as well as dyeing fastness.

Fig. 4. Surface dyeing concentration (K/S) of the dyed silk fabrics (3 %

owf)
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Fig. 5. Surface dyeing concentration (K/S) of the dyed wool fabrics (3 %

owf)

Conclusion

The new black, red and blue reactive dye with amino-

phenyl-β-acetoxyethylsulfone have excellent properties as

follows: (1) As expected the new dyes show less water solu-

bility than conventional dyes thus, salting-out processes were

easily and cleanly carried out and provided higher yields,

higher purity and higher brightness in colour than conventional

dyes.

In cotton dyeing process, the fixation percentages of the

new red and blue reactive dyes increased 5 % than those of

conventional dyes and new dyes show better dyeing yield with

enhanced substantivity and higher brightness in silk and wool

dyeing. The only new black dyes exhibited almost the same

degree of colour yield and fixation percentages as conventional

dyes however, light fastness enhanced 0.5 grade higher than

those. The all of newe reactive dyes showed excellent levelness

of dyeing and reproducibility as well as dyeing fastness.
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