
Introduction

Interest in eco-friendly textile wet processing 
techniques has increased in recent years due to the 
increased awareness of environmental issues throughout 

the world [1]. Cost-effective ecofriendly textile dyeing 
by using either safe dyes and chemicals with reduced 
cost or by employing clean treatment is the choice of 
the day for the textile industry [2]. Textile dyes are 
organic compounds that bring bright and firm colour to 
fabric [3]. Reactive dyes are widely used in the textile 
industry because of their simple dyeing procedure and 
good stability during the washing process. It is a class 
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Abstract

Modern techniques such as microwave treatment as clean and uniform treatment in textile processing 
have been used to make the dyeing process eco-friendly, plus time and cost effective. The present study 
is concerned with the effect of microwave irradiation on dyeing of cotton fabric using Reactive Blue 
21 dye. Irradiated (RC) and un-irradiated cotton fabrics (NRC) were dyed using irradiated (RS) and 
un-irradiated (NRS) dye solution under various conditions. Optimal radiation parameters were used to 
explore dyeing pH, temperature, and time for getting darker shades. ISO standard of color fastness were 
applied onto cotton fabrics dyed under optimal conditions. We observed that microwave treatment of 
dye solution for 3 min. showed maximum colour strength onto irradiated fabrics at 60ºC for 30 min. 
in the presence of 2 g/100 ml salt as an exhausting agent. The suggested ISO method revealed that 
MW treatment improved the fastness to light, washing, and rubbing when different shades were made 
under optimum conditions. We concluded that microwave treatment has not only improved the dyeing 
behaviour of cotton but also enhanced the colouring characterization using Reactive Blue 21 dye.

Keywords: Reactive Blue 21, colourfastness, cotton fabric, spectra flash SF600, crease recovery, 
microwave radiation

*e-mail: aghaffaruaf@yahoo.com 

DOI: 10.15244/pjoes/84774 ONLINE PUBLICATION DATE: 2018-12-28



1688  Ghaffar A., et al.

of highly colored substances that interacts with fabrics 
via a covalent bond to impart firm shades [4]. Due to 
this unique characteristic, reactive dyes have been found 
to be used increasingly in textile coloration of leather, 
paper, rubber, plastic, cosmetics, pharmaceuticals, and 
food [5-6].  

Radiation methods, apart from conventional heating, 
are gaining popularity because these methods are not 
only naturally safe, clean, and ecofriendly but also 
cheap in treatment. These help to minimize the energy 
utilization either by modification in the dyeing process  
or by tuning the surface of fabrics [7-8]. Microwaves  
have unique characteristics because they create 
polarization in dye bath to make it more interactive for 
fabrics [9]. This uniform and leveled heating source 
enables dye molecules to diffuse into fabrics more 
strongly. This energy easily penetrates all the particles 
of material by instantly and uniformly heating the 
fabrics, which in turn eliminates the effluents that 
could occur during conventional heating to make the 
environment polluted. Limited work is found in the 
technical literature on pretreatment, dyeing, finishing, 
surface modification, and surface grafting, sanitizing, 
and drying/fixing of textile materials, in which 
microwaves are used as a heat source during dyeing 
[10-11]. For our current study, Reactive Blue 21 was 
selected for coloring cotton fabrics under the effect of 
the microwave treatment. 

Reactive Blue 21 dye (Fig. 1) is used for coloring 
cotton, wool, silk, and polyamide textiles. It is a brilliant 

bluish turquoise dye having high colour yield with 
versatile applications with suitability to give pale to dark 
trichromic shades. It has excellent build-up properties 
with good all-round fastness properties [12-13]. 

Material and Methods

Greige cotton fabrics were purchased from Arshad 
Market, Jhang Bazar in Faisalabad, Pakistan. They were 
pre-treated by following the standard methods. Reactive 
blue 21 dye was purchased from Paragon Dyes and 
Chemicals in Faisalabad.

Radiation Processes

The dye solution and pretreated fabrics were exposed 
to microwave for 1-6 min. using a commercially 
available microwave irradiator at the Department of 
Chemistry, Government College University, Faisalabad, 
Pakistan [14]. After irradiation, the fabrics were dyed at 
90ºC for 60 min. at various pH (3, 4, 7, 11, and 12) in 
order to attain optimal radiation conditions [15]. After 
optimizing the irradiation factor, dyeing of optimal 
fabrics was carried out at 30-75ºC for 15-60 min. using 
1-4 g/L Glauber salt using optimal pH of dye bath.   

Analysis of Fabrics and Solution

pH of the dye solution before and after irradiation 
was carried out in order to detect the significance of any 
change in the nature of Reactive Blue 21. Similarly, the 
crease recovery test of fabrics before and after treatment 
was evaluated using the AATCC method for observing 
the improvement in pre-treatment of cotton fabrics to 
make it ready for dyeing [16]. 

Colour Characteristics Analysis

All dyed fabrics were investigated in a C1E lab 
system for K/S value through the Kubelka Munk 
equation computed in Spectraflash SF600, which is 
equipped with an illumining D 6510° observer at 
the Department of Chemistry, Government College 
University, Faisalabad, Pakistan. The effect of 
microwave treatment on fastness of dyed fabric was 
assessed by rating of colourfastness through ISO 
standard methods of light and washing [17].

Results and Discussion

The results shown in Table 1 reveal that an increase 
in radiation time caused a decrease in dye solution pH. 
Similarly, microwave treatment modifies the crease 
angle of the fabric. The rise in angle shows that the 
sorption ability of fabrics has been improved, which 
influences the dyeing and gives darker shades with high 
colour characteristics [18]. Fig. 1. Reactive Blue 21 dye.
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Microwave heating being eco-friendly improved 
reactive dyeing of cellulosic fabrics using Reactive Blue 
21. The results (Tables 2-6) reveal that reactive dyeing 
under acidic medium (pH 3) gives high k/s value if 
the dye bath is radiated for 3 minutes. This is because 
the microwave treatment helps to reduce particle size 
of the dye, which improves the diffusion of small 
molecules into the fabric [19]. Efficient penetration of 
dye molecules binds firmly with cellulosic fabric and 
less dye is stripped off in washing, which gives more 
colour strength observed via spectra flash. The neutral 
dye bath microwave irradiation for 3 minutes to reactive 
blue 21 dye (RS) gives high colour strength onto 

Table 1. Effect of radiation on crease recovery of cotton and pH of dye solution.

Radiation effect on crease recovery of cotton fabrics Radiation effect on dye solution

Radiation of cotton 
time (Min.)

Initial angle
θ 1

Final angle
θ 2

Difference
θ = θ 2 - θ 1

Radiation time 
(Min.) pH of dye solution

Non-radiated 76 82 6 0 12

2 72 87 5 1 11.80

3 70 76 6 2 11.68

4 68 72 4 3 11.45

5 65 71 6 4 11.42

5 11.35

6 11.28

Table 2. Variation of K/S value against time of irradiation, dyeing 
at 3 pH, and 90ºC for 60 minutes

Table 3. Variation of K/S value against time of irradiation, dyeing 
at 4 pH, and 90ºC for 60 minutes.

Table 5. Variation of K/S value against time of irradiation, dyeing 
at pH 11, and 90ºC for 60 minutes.

Table 4. Variation of K/S value against time of irradiation, dyeing 
at 7 pH, and 90ºC for 60 minutes.

Table 6. Variation of K/S value against time of irradiation dyeing 
at 12 pH and 90ºC for 60 minutes.

Radiation 
time (Min.) NRS/NRC RS/NRC RS/RC NRS/RC

1 7.3922 8.9903 6.7116 7.7232

2 7.3922 7.5323 5.4821 7.3770

3 7.3922 11.576 8.6158 7.6610

4 7.3922 7.4841 7.7666 8.6486

5 7.3922 5.0857 5.0274 7.7172

6 7.3922 7.6550 6.7619 8.0592

Radiation 
time (Min.) NRS/NRC RS/NRC RS/RC NRS/RC

1 8.9719 9.6163 8.8429 8.7246

2 8.9719 7.7401 8.2283 8.7246

3 8.9719 8.9700 8.7956 8.0451

4 8.9719 8.1440 7.2146 8.3415

5 8.9719 7.9405 7.2771 7.9893

6 8.9719 9.1044 8.6729 8.2250

Radiation 
time (Min.) NRS/NRC RS/NRC RS/RC NRS/RC

1 8.7227 4.2562 3.9464 7.5638

2 8.7227 4.5284 3.8468 8.3833

3 8.7227 4.7831 4.3005 8.7152

4 8.7227 5.0153 4.7805 8.1923

5 8.7227 4.7116 4.8278 8.9999

6 8.7227 4.2460 4.9579 6.5705

Radiation 
time (Min.) NRS/NRC RS/NRC RS/RC NRS/RC

1 9.5261 8.4705 8.0795 10.129

2 9.5261 10.236 8.3670 10.001

3 9.5261 13.229 11.131 10.025

4 9.5261 8.2964 8.9145 11.012

5 9.5261 10.008 8.5366 9.6259

6 9.5261 8.0019 8.9555 9.3112

Radiation 
time (Min.) NRS/NRC RS/NRC RS/RC NRS/RC

1 8.0540 4.8584 4.0838 5.8580

2 8.0540 3.0511 2.5073 5.4869

3 8.0540 3.7193 3.4449 6.1603

4 8.0540 4.4295 4.5997 6.5227

5 8.0540 3.7420 3.8893 5.8718

6 8.0540 2.8385 2.7456 5.3918
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unirradiated fabrics (NRC) (Table 4). This is because 
irradiation for 1 minute does not raise the kinetic  
energy of dye molecules and for long-duration  
radiation the rate of stripping becomes more than a rate 
of dyeing. Upon washing, unfixed dye is stripped and 
less k/s value is observed. But microwave treatment 
for 3 min. to dye solution the change in colour depth 
was found to be promising. Thus, at variable pH  
MW treatment for 3 minutes has been optimized of 
neutral dye bath and is used to dye cellulosic fabric in 
order to get a darker shade with good colour fastness 
properties. 

Temperature always helps to increase the rate 
of dyeing and diffusion during reactive dyeing of 
unirradiated fabrics using an irradiated solution of 
Reactive Blue 21. Dyeing at low temperature does 
not accelerate the dye molecules to move topward the 
fabrics while more heating causes either degradation of 
colourant or desorption, an effect that – as the coloration process shows in Fig. 2 – reveals that lowering of color 

strength upon the increase or decrease in color depth 
(K/S). Dyeing at optimal tempetratue (60ºC) not only 
significantly enhances sorption of dye onto fabrics, 
but also helps achieve good equilibrium of a dye bath, 
resulting in high colour strength. Reactive dyeing of 
cotton fabrics is contact time-dependent: the greater 
the contact time of dye with fabric, the higher the color 
strength. The results in Fig. 3 show that dyeing for  
45 minutes gives maximum colour depth and acceptable 
fastness characteristics. Hence a reduction in dyeing 
time proved that microwave heating is a time-effective 
tool. It showed that 2 g/L is the optimal amount of  
salt to achieve maximum exhausation. Salt adds 
maximum exhaustion to a dye bath because it tends 
to neutrilize the dye on fabric. It also creates an 
atmosphere around the water and dye molecule in 
such a way that fabric interacts with a dye molecule 
within a short range of attractive forces, resulting in 
firm bonding [20]. A low amount of salt does not give 
promising exhaustion while a high amount causes  
over-exhaustion, which upon washing affect dyeing 
strips of colour occurs and low K/S is observed  
(Fig. 4). Microwave treatment of dye bath for 3 min. 
reduces the amount of salt used during reactive dyeing 
of cellulosic fabric (NRC) using an irradiated solution of 
Reactive Blue 21 (RS), which reveals that MW treatment 
is a cost-effective tool [21]. The rating results given   
in Table 7 reveal that microwave treatment of dye  
solution gives excellent acceptable fastness 
characteristics because of the presence of the conjugate 
system and auxochrome in colorant, which offers 
maximum resistance to detach the colour from fabric. 
The fabrics dyed under optimal variables are treated  
with agencies such as heat, crocking, detergents, 
light, etc., to show maximum resistance to fade, 
which was confined from rating by grayscale [22]. 
Thus, the microwave treatment has improved fastness 
characteristics. 

pH Optimum condition
Washing effect

Light effect
C-C C-S

3 RS: 3 min.
NRC 3-4 3-4 4

4 RS: 1 min.
RC: 2 min. 3-4 4-5 4/5

7 RS: 3 min.
NRC 3-4 4-5 4/5

11 NRS
RC: 5 min. 3-4 4-5 4/5

12 NRS
RC: 4 min. 3-4 4 4/5

Fig. 2. Effect of dye bath temperature on k/s value.

Fig. 3. Effect of time on dyeing un-irradiated cotton fabrics.

Fig. 4. Effect of salt concentration in dyeing.

Table 7. Washing and light fastness on dyed cotton fabrics with 
Reactive Blue 21 at different pH.
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Conclusion

The optimum conditions for radiation is non-radiated 
cotton fabrics and radiated dye solution (NRC/RS)  
for 3 minutes. Optimum dyeing conditions are 60ºC 
for 30 minutes and 2 g/100 ml salt concentration.  
Low irradiation time for cotton fabric as well as dye 
solution is more effective to get good colour strength 
and a bluer shade. It is found that MW radiation not 
only progresses the colour asset of dye solution but 
also increases the colour fastness properties on cotton 
fabrics.
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