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Abstract: Sustainable chemistry is a relatively new field that aims to achieve both economic and
environmental goals simultaneously. This paper discusses a cleaner and more sustainable method for
dyeing cotton fabric using Direct Violet 09 and Reactive Violet 05 dye. It has been noticed that good
color characteristics were obtained when cotton fabric was dyed with 35 mL of microwave-treated
Reactive Violet 05 dye solution of 7 pH and 2 g Aluminum sulfate for 30 min at 60 ◦C. When dyeing
cotton fabric with Direct Violet 09 dye, it has been observed that cotton fabric, when microwave
treated for 6 min and dyed at 80 ◦C for 50 min using 35 mL of non-treated dye solution of 7 pH
with 2 g Potassium sulfate, produces good results. The colorfastness of the dyed fabrics using ISO
standards was also evaluated. Overall, it was found that the use of microwave radiation improves
the sustainability of the dyeing process.

Keywords: cotton; Direct Violet 9 dye; inorganic salts; Reactive Violet 05 Dye; silk; sustainability

1. Introduction

The importance of eco-friendly techniques in textile industries to meet society’s de-
mand is growing day by day. The textile sector contributes significantly to global economic
growth by providing direct employment, as well as increasing foreign exchange earnings.
Clothing is a basic need for survival as it is used to cover the body and protect it from
extreme weather conditions. After 1960, the introduction of fashion trends in youth began
swiftly. The invention of synthetic dye revolutionized the textile industry. Synthetic dyes
are coloring compounds with complex chemical structures that are used to color various
objects such as foodstuffs, textiles, paper, etc. [1]. Now, in modern times, due to rapid
progress in the fashion and textile industries, the use of synthetic dyes has been expanding.
However, besides influencing the textile industry positively, synthetic dyes also affect the
environment and human beings deleteriously, which is against the basic principles of green
chemistry. Green chemistry demands a process that is adequate for nature, reduces envi-
ronmental impacts, and promotes human health [2,3]. However, the effluent from textile
industries contains electrolytes, surfactants, heavy metals, and unfixed dye molecules that
have an adverse effect on human health and the environment [4,5]. Under this scenario,
global environmental agencies such as the Environmental Protection Agency (EPA), the
Ecological and Toxicological Association of Dyers (ETAD), and Environmental Impact
Assessment (EIA) are forcing industrialists and researchers to introduce methods that result
in zero discharge emissions by introducing methods and techniques that are safe, powerful,
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and sustainable. For this purpose, some advanced and innovative techniques such as
ultraviolet, ultrasonic, plasma, and microwaves are being introduced to fulfill the criteria
of environmental agencies [6–8]. Among these, the microwave technique is becoming
a dominant one because of its cost-effectiveness, speed, and efficiency of heating [9–11].
Microwave radiation is capable of transferring electromagnetic energy with smaller wave-
lengths. It has a wavelength range from 1 mm to 1 m with a frequency range from 300 GHz
to 300 MHz. Heating by microwave radiation has the advantage that it distributes uniform
heat throughout the material, as compared to the conventional heating method [12].

In industries, many classes of dyes are used depending upon the nature of work and
field, as per global demand. Among these dyes, direct and reactive dyes have a great share
in the applied fields [13]. Direct dye is the sodium salt of an aromatic compound, with an
anionic nature and solubility in water. These dyes are very popular due to their low cost,
wide color range, and ease of use [14,15]. Direct dyes are widely used in printing and dyeing
silk, cotton, wool, leather, etc. For the current study, Direct Violet 09 (DV 09 dye = CI 27885)
was selected for improving the dyeing behavior of cotton fabric. Direct Violet 09 dye
(Figure 1b) is a bis-azo class dye with a bluish-purple color. Another important class of dye
that is famous because of its permanent bonding with the fiber is the reactive dye. Reactive
Violet 05 (RV 05 dye = CI 18097) (Figure 1a) is a single azo complex dye that is purple in
color, easily soluble in water, and mostly used for the dyeing of cotton fabrics [16]. Cotton
(Figure 1b) is a soft, natural, and staple fiber of plant origin with glycosidic linkages [17,18].
The main constituent of cotton fiber is cellulose. Hydroxyl groups present in the cellulosic
unit are responsible for interacting with moisture, colorants, and finishing chemicals.
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Figure 1. Structure of (a) Reactive Violet 5, (b) Direct Violet 9, and (c) functional unit of cotton.

Keeping in view the advantages of M.W. radiation, the aim of the study was:

• To improve the color characteristics of cellulosic fabric dyed with Reactive Violet 5
and Direct Violet 9 dye by using microwave radiation;

• To study the physical and chemical characteristics of fabrics before and after treatment;
• To analyze the dyeing conditions using central composite design through response

surface methodology
• To assess the color fastness properties of cotton fabric dyed with Reactive Violet 5 and

Direct Violet 9 dye.

2. Experimental Section
2.1. Materials

Cotton fabric (GSM = 70) was bought from the regional textile market in Faisalabad,
Pakistan. Reactive Violet 05 (RV05 = CI 18097) and Direct Violet 09 (DV09 = CI 27885)
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dyes were purchased from Kukdacolor, Karachi, Pakistan. All the chemicals utilized in the
dyeing process, such as neutral soap, sodium chloride (NaCl), aluminum sulfate (Al2SO4),
iron sulfate (FeSO4), potassium sulfate (K2SO4), sodium sulfate (Na2SO4), zinc sulfate
(ZnSO4), and sodium hydroxide (NaOH), were of commercial grade.

2.2. Irradiation Process and Dyeing

Dye solutions were made by adding 0.5 g of DV 09 and RV 05 dyes into 100 mL
of water separately. Dye solutions and cotton fabric were treated for 2–10 min using a
microwave oven (Dawlance DW-220 S) at high power (2450 MHz, 700 W). The dyeing
process was performed under various conditions, as presented in Table 1.

Table 1. Irradiation and dyeing condition for cotton fabric using Reactive Violet 05 and Direct Violet
09 dye.

Dye Used Sample Code Microwave
Treatment Time Dyeing Conditions

RV 05 NRS/NRF 2–10 min Volume used = 25–65 mL
Salt used = 0.5–2.5 g/100 mL

Temperature = 50–90 ◦C
Time = 20–80 min

pH = 6–10
DV 09 NRS/NRF 2–10 min Volume used = 25–65 mL

Salt used = 0.5–2.5 g/100 mL
Temperature = 50–90 ◦C

Time = 20–80 min
pH = 6–10

2.3. Selection of Dyeing Conditions

A comprehensive set of 32 experiments was devised using central composite design
(CCD) and RSM as a statistical method after determining the behavior of M.W. radiation on
cotton fabric. In the set of experiments, irradiated cotton fabrics (RF) were dyed using an
irradiated dye solution (RS) of 25, 35, 45, 55, and 65 mL with 6, 7, 8, 9, and 10 pH and 0.5, 1,
1.5, 2, and 2.5 g/100 mL of NaCl for 20, 30, 40, 50, and 60 min at 50, 60, 70, 80, and 90 ◦C.

2.4. Effect of Different Inorganic Salts

In textile dyeing, salts are used as exhausting agents for achieving even dyeing. In this
study, different inorganic salts such as sodium chloride (NaCl), iron sulfate (FeSO4), sodium
sulfate (Na2SO4), potassium sulfate (K2SO4), aluminum sulfate (Al2SO4), and zinc sulfate
(ZnSO4) were used to observe the effect of these salts on the color strength of the cotton
fabrics dyed with Direct Violet 09 and Reactive Violet 05 dyes. A set of 25 experiments was
performed by using different concentrations of these inorganic salts (0.5–2.5 g/100 mL) for
dyeing cotton fabric with Direct Violet 09. Another set of 25 experiments was performed by
using different concentrations of these inorganic salts (0.5–2.5 g/100 mL) for dyeing cotton
fabric with Reactive Violet 05 dyes. Dyed fabrics were subjected to the CIE Lab system
for analysis.

2.5. FTIR and SEM Analysis

FTIR analysis was used to examine the chemical change that occurred after treating
cotton fabrics with microwave radiation. To observe any physical change, SEM analysis
with a magnification power of 1000× was performed before and after the irradiation of
fabrics at given conditions.

2.6. Determination of Maximum Wavelength

Direct Violet 09 dye and Reactive Violet 05 dyes were dissolved separately in a suffi-
cient amount of distilled water to prepare stock solutions. By diluting the stock solutions,
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20 ppm dye solutions were prepared and λmax of both dyes was determined using a
UV-visible spectrophotometer

2.7. Evaluation of Quality of Dyed Fabrics

The fastness of the colored fabrics was evaluated using ISO standards for washing
(ISO 105 C03), light (ISO 105 B02), and rubbing (ISO 105-X12) using the CIELAB color space.

3. Results and Discussion

Sustainable treatment tools such as cost and energy-effective microwave treatment
have given new dimensions to the field of fabric processing because they have the ability
to improve the substantivity of the fabric via pretreatment on the fabric surface [19–21].
Microwave treatment is gaining worldwide fame because it improves the dyeing process
through its unique mode of action, thus providing promising results by changing the fabric
behavior towards synthetic dye. In this study, M.W. treatment has been used to improve
the dyeing behavior of cotton fabric with two different classes of dye.

For cotton fabric dyed with Reactive Violet 05 dye, a significant change in color
strength was observed when fabrics were irradiated with microwave radiation, as shown
in Figure 2a. A higher color strength (K/S = 1.4974) was noticed by using the radiated dye
solution (RS) and non-radiated cotton fabric (NRCF) as compared to non-treated cotton
fabric (NRCF) and non-treated dye solution (NRS) (K/S = 0.8709). The shades obtained
under controlled conditions (NRS/NRCF) were brighter (L* = 65.97), with a reddish-yellow
hue (a* = 12,44, b* = 15.11), as presented in Table 2. However, shades obtained by dyeing
fabric under optimal conditions (NRS/RCF) were darker (L* = 62.00) with a more reddish-
yellow tone (a* = 18.71, b* = 20.43). The reason may lie in the fact that the RV 05 dye
molecules were already smaller in size, and further microwave radiation helps to break the
cluster of reactive dye molecules and thus helps to absorb the small-sized pores or capillary
spaces present in the cotton fabrics more effectively.

Table 2. Tonal variation cotton fabric dyed with Reactive Violet 05 and Direct Violet 09 dye at selected
irradiation conditions.

Microwave Treatment
Time (min)

Sample
Code K/S L* a* b* C*

Reactive Violet 05 dye
Control (without

radiation) NRS/NRCF 0.8709 65.97 12.44 15.11 19.57

2 NRS/RCF 0.7552 68.05 14.09 18.82 23.51
4 RS/NRCF 0.9258 65.02 13.44 15.38 20.42
6 RS/NRCF 1.1807 62.41 14.99 17.08 22.73
8 RS/NRCF 1.4974 62.00 18.71 20.43 27.71

10 MAD 1.1674 23.06 21.61 14.24 25.88
Direct Violet 09 dye

Control (without
radiation) NRS/NRSF 6.9945 35.52 21.06 −29.41 36.18

2 NRS/RCF 11.683 27.75 18.11 −25.12 30.97
4 NRS/RCF 11.180 28.39 17.64 −25.34 30.88
6 NRS/RCF 13.938 25.61 18.75 −24.65 30.97
8 NRS/RCF 12.896 26.51 18.44 −23.97 30.24
10 NRS/RCF 10.933 30.21 22.96 −29.92 37.71

NRS = non-radiated solution, RS = Radiated solution, NRCF = non-radiated fabric, RCF = radiated cotton fabric,
MAD = microwave assisted dyeing.

For cotton fabric dyed with Direct Violet 09 dye, a good color strength (K/S = 13.938)
was obtained when the 6 min irradiated cotton fabric (RCF) was dyed with non-radiated
dye solution (NRS), as compared to the dyeing of non-treated fabric (NRCF) with non-
treated solution (NRS) (K/S = 6.9945). Mostly, fabric dyed under optimum conditions,
i.e., by using a non-radiated solution (NRS) and irradiated cotton fabric (RCF), was darker
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(L* = 25.61) and reddish bluish in hue (a* = 18.75, b* = −24.65) as given in Table 2. In this
case, microwave treatment modified the fabric surface, which in turn was able to absorb
large-sized Direct Violet 09 particles significantly.
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Figure 2. Dyeing of microwave-treated and un-treated cotton fabric with Reactive Violet 05 (a) and
Direct Violet 09 (b) dye.

3.1. FTIR and SEM Analysis

The presence of different functional groups and any change in the position of functional
groups after microwave treatment in cotton fabric was confirmed by using FTIR analysis.
FTIR peaks at 3329.84 cm−1 and at 2900.1 cm−1 are due to the presence of O-H and C-H
bonds present in polysaccharides, respectively (Figure 3a). The characteristic peaks at
1424, 1314, 1030 cm−1 and 896.71 indicate stretching and bending vibrations of -CH2 and
-CH, -OH, and C-O bonds in the cellulosic units. The FTIR spectra of cotton fabric after
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M.W. treatment displayed in Figure 3b indicates that there is a negligible difference in the
peaks of the functional groups, indicating that M.W. irradiation treatment has no effect
on the position of the characteristic peaks of cellulose units, i.e., no chemical alteration
was observed.
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SEM images of control and microwave-treated cotton fabrics for 6 min given in
Figure 4a,b show that M.W. radiation is responsible for creating scratches on the sur-
face of cotton fabric, which helps to absorb more dye particles [22]. Another reason lies
in the fact that M.W. treatment may activate the functional sites available on the surface
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of cotton fabric, providing adsorption and the migration of dye to the fabric more easily.
Hence, it has been found that M.W. rays do not alter the chemistry of fabric but only
physically improve its nature. It is obvious that 8 min of microwave treatment of cotton
fabric during dyeing with Reactive Violet dye also modified the surface of the fabric, but in
this case the role of the Reactive Violet 05 dye molecules’ smaller size and higher adsorption
rate was more significant, as described earlier.
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3.2. Determination of λmax of Reactive Violet 05 and Direct Violet 09

The standard solutions of RV 05 and DV 09 dye solutions were scanned using a UV-
visible spectrophotometer to determine any changes in wavelength. It was observed that
there were no significant changes in the maximum wavelengths of RV 05 (546 nm) and DV
09 (550 nm) dyes (Figure 5a,b). However, absorption values change significantly because of
the sorption of dye into the fabric.
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3.3. Effect of Inorganic Salts on the Dyeing of Cotton Fabric

In the dyeing of cellulosic fibers, salts such as sodium sulfate, sodium chloride, etc., are
used as the dyebath exhausting agents to increase the dye uptake ability onto the surface of
the fabric by reducing negative charge build-up on the surface of the fabric to overcome
the repulsion between fiber and dye [23]. In this part, different sulfates of metals, such
as aluminum, potassium, iron, and zinc sulfates, were used to study the effect of these
exhausting agents on the dyeing behavior of cotton fabric dyed with direct and reactive
dye. For Reactive Violet 05 dye, good color characteristics (K/S = 1.2041) were observed by
using only 0.5 g/100 mL of aluminum sulfate, while during the dyeing of cotton fabric with
Direct Violet 09 dye, the use of 1 g/100 mL of potassium sulfate provides promising results.
By using 1 g of potassium sulfate, the highest color strength of (K/S = 20.62) was observed
as compared to other salts, even at higher concentrations (Figure 6a,b). This was because,
at higher concentrations, added salt may act as a retarding agent and favor a stripping
process that is reversible in nature and acts as a barrier during the process.
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3.4. Statistical Selection of Dyeing Parameters

The results regarding the dyeing of cotton fabric with Reactive Violet 05 dye and
Direct Violet 09 dye (Tables 3–5)demonstrate that the model is fit and linear (p = 0.000). The
significance of the individual dyeing variables such as time (p = 0.000), pH (p = 0.009), and
salt (p = 0.006) roles have been observed. Additionally, the significant interaction variables,
including pH with pH (p = 0.001), volume with volume (p = 0.001), salt with salt (p = 0.003),
pH with time (p = 0.084), volume with salt (p = 0.018), volume with time (p = 0.000) and
salt with time (p = 0.000), have been noted. Hence, the dyeing of cotton fabrics with RV5
dye for 30 min at 60 ◦C using 2 g/100 mL of salt solution and 35 mL of dye bath of 7 pH
has been recommended (Table 3). Similarly, for DV 09, the results presented in Table 5
indicate that, individually, the roles of volume (p = 0.002), salt (p = 0.001), time (p = 0.018),
and pH (p = 0.018) are significant. Similarly, the interaction variables such as pH with
volume (p = 0.023), volume with salt (p = 0.029), and volume with time (p = 0.005) have
been observed to be highly significant. Thus, 35 mL of a dye solution of 7 pH containing
2 g/100 mL solution for 50 min at 80 ◦C has given excellent results
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Table 3. Selection of dyeing parameters for cellulosic fabrics using Reactive Violet 05 and Direct
Violet 09 dye through RSM.

Reactive Violet 05
Sr. No. A B C D E F Sr. No. A B C D E F

1 7 35 1 30 80 1.1443 17 6 45 1.5 40 70 0.8288
2 9 35 1 30 60 1.0401 18 10 45 1.5 40 70 0.5713
3 7 55 1 30 60 0.961 19 8 25 1.5 40 70 0.6788
4 9 55 1 30 80 0.9835 20 8 65 1.5 40 70 0.6605
5 7 35 2 30 60 1.3372 21 8 45 0.5 40 70 0.522
6 9 35 2 30 80 0.8456 22 8 45 2.5 40 70 0.7775
7 7 55 2 30 80 0.7885 23 8 45 1.5 20 70 0.7869
8 9 55 2 30 60 0.5299 24 8 45 1.5 60 70 0.851
9 7 35 1 50 60 0.4153 25 8 45 1.5 40 50 0.3788
10 9 35 1 50 80 0.5103 26 8 45 1.5 40 90 0.4066
11 7 55 1 50 80 0.3037 27 8 45 1.5 40 70 0.3571
12 9 55 1 50 60 0.4794 28 8 45 1.5 40 70 0.4081
13 7 35 2 50 80 0.5656 29 8 45 1.5 40 70 0.3947
14 9 35 2 50 60 0.3043 30 8 45 1.5 40 70 0.5638
15 7 55 2 50 60 0.5398 31 8 45 1.5 40 70 0.4633
16 9 55 2 50 80 0.4722 32 8 45 1.5 40 70 0.4621

Direct Violet 09
1 7 35 1 30 80 16.3982 17 6 45 1.5 40 70 18.0419
2 9 35 1 30 60 14.6886 18 10 45 1.5 40 70 17.5838
3 7 55 1 30 60 18.2292 19 8 25 1.5 40 70 17.0857
4 9 55 1 30 80 17.2958 20 8 65 1.5 40 70 18.4175
5 7 35 2 30 60 17.4534 21 8 45 0.5 40 70 15.8018
6 9 35 2 30 80 16.1935 22 8 45 2.5 40 70 18.1445
7 7 55 2 30 80 18.5447 23 8 45 1.5 20 70 17.6709
8 9 55 2 30 60 18.1901 24 8 45 1.5 60 70 18.6072
9 7 35 1 50 60 17.905 25 8 45 1.5 40 50 18.1681
10 9 35 1 50 80 16.6567 26 8 45 1.5 40 90 16.7722
11 7 55 1 50 80 17.233 27 8 45 1.5 40 70 15.7843
12 9 55 1 50 60 17.9117 28 8 45 1.5 40 70 18.1672
13 7 35 2 50 80 19.0676 29 8 45 1.5 40 70 16.4993
14 9 35 2 50 60 17.3948 30 8 45 1.5 40 70 16.7428
15 7 55 2 50 60 17.905 31 8 45 1.5 40 70 18.6072
16 9 55 2 50 80 18.1549 32 8 45 1.5 40 70 17.0915

A = pH, B = Volume, C = Salt, D = Time, E = Temperature, F = K/S value.

Table 4. Analysis of variance of cotton fabric for RV 05 dye.

Source DF Adj SS ADJ MS F-Value p-Value

Model 20 1.98807 0.099903 27.27 0.000
Linear 5 0.58948 0.117896 32.18 0.000

pH 1 0.04217 0.042174 11.51 0.009
Volume 1 0.00078 0.000785 0.21 0.656

Salt 1 0.04988 0.049881 13.62 0.006
Time 1 0.30085 0.300850 82.12 0.000

Temperature 1 0.00004 0.000041 0.01 0.918
Square 5 0.85701 0.171402 46.79 0.000

pH * pH 1 0.10596 0.105960 28.92 0.001
Volume * Volume 1 0.08213 0.082128 22.42 0.001

Salt * Salt 1 0.06817 0.068169 18.61 0.003
Temperature * Temperature 1 0.00464 0.004641 1.27 0.293

Two-Way interaction 10 0.45707 0.045707 12.48 0.001
pH * Volume 1 0.00950 0.009499 2.59 0.146

pH * Salt 1 0.04133 0.041332 11.28 0.010
pH * Time 1 0.01429 0.014288 3.90 0.084

Salt * Temperature 1 0.00027 0.000265 0.07 0.795
Volume * Salt 1 0.03199 0.031991 8.73 0.018

Volume * Time 1 0.19733 0.197329 53.87 0.000
Volume * Temperature 1 0.00007 0.000066 0.02 0.897

Salt * Time 1 0.15095 0.150955 41.21 0.000
Error 8 0.02931 0.003663 - -

Lack-of-Fit 3 0.00302 0.001007 0.19 0.898
Pure Error 5 0.2629 0.005257 - -

Total 28 2.02738 - - -
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Table 5. Analysis of variance of cotton fabric for DV 09 dye.

Source DF Adj SS ADJ MS F-Value p-Value

Model 17 22.7476 1.33809 4.73 0.005
Linear 5 14.3755 2.87511 10.16 0.001

pH 1 2.1398 2.13977 7.56 0.018
Volume 1 4.4809 4.48088 15.83 0.002

Salt 1 5.2933 5.29333 18.70 0.001
Time 1 2.1050 2.10503 7.44 0.018

Temperature 1 0.3565 0.35653 1.26 0.284
Square 4 1.8519 0.46298 1.64 0.229

pH * pH 1 0.3133 0.31327 1.11 0.314
Volume * Volume 1 0.2299 0.22993 0.81 0.385

Salt * Salt 1 0.2613 0.29130 1.03 0.330
Time * Time 1 0.9738 0.97378 3.44 0.088

Two-Way interaction 8 6.5201 0.81501 2.88 0.048
pH * Volume 1 1.9121 1.91214 6.75 0.023

pH * Salt 1 0.0019 0.00192 0.01 0.936
pH * Time 1 0.3106 0.32064 1.3 0.308

Salt * Temperature 1 0.2938 0.29382 1.04 0.328
Volume * Salt 1 0.3410 0.34100 1.20 0.029

Volume * Time 1 3.3724 3.37236 11.91 0.005
Volume * Temperature 1 0.2213 0.22132 0.78 0.394

Salt * Time 1 0.0569 0.05688 0.20 0.662
Error 12 3.3970 0.28308 - -

Lack-of-Fit 9 1.7721 0.19690 0.36 0.895
Pure Error 3 1.6249 0.54163 - -

Total 29 26.1445 - - -

3.5. Colorfastness Rating

In the dyeing method, the fastness ratings are important characteristics of dyed fabrics.
The shades made at optimum conditions show that M.W. treatment enhances the color
characteristics of fabrics. The results narrated in Table 6 show the light, washing, dry, and
wet rubbing fastness qualities. It was discovered that dyeing cotton fabrics using RV5 and
DV9 dye improves colorfastness ratings.

Table 6. Rating of fastness properties of fabric dyed at optimal conditions using RV5 and DV 9 dye.

Reactive Violet 05 Dye

Shade (%) Rating 1 Rating 2 Rating 3
c.c c.s Dry Wet

0.5 5 4/5 4/5 5 4/5
1.0 5 4/5 4/5 5 4/5
1.5 5 4/5 4/5 5 4/5
2.0 5 4/5 4/5 5 4/5
2.5 5 4/5 4/5 5 4/5

Direct Violet 09 dye

0.5 5 4/5 4/5 5 4/5
1.0 5 4/5 4/5 5 4/5
1.5 5 4/5 4/5 5 4/5
2.0 5 4/5 4/5 5 4/5
2.5 5 4/5 4/5 5 4/5

Rating 1 = light fastness, rating 2 = washing fastness, rating 3 = rubbing fastness.

4. Conclusions

This research explored the use of microwave radiation for the dyeing of cotton fabric
as a way to introduce environmentally friendly technologies. The results show that this
process is more efficient and cheaper compared to traditional methods, as it uses fewer
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chemicals and enhances the color characteristics of the fabric. It was noticed that good color
characteristics were obtained when the cotton fabric was dyed with 35 mL of microwave-
treated Reactive Violet 05 dye solution of 7 pH with 2 g aluminum sulfate for 30 min at
60 ◦C. When dyeing cotton fabric with Direct Violet 09 dye, it was observed that cotton
fabric when microwave treated for 6 min, dyed at 80 ◦C for 50 min, and using 35 mL of the
non-treated dye solution of 7 pH with 2 g potassium sulfate produced good results. The
results suggest that the M.W. treatment has a significant impact on enhancing the dyeing
characteristics of fabrics, as well as reducing time and energy usage and making the process
more environmentally friendly.
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