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Microwave, Ultrasound Assisted Dyeing- Part I: Dyeing
Characteristics of C.1. Disperse Red 60 on Polyester Fabric
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THE GOAL of this study was to utilize microwave and ultrasound irradiation
as green methodologies, not only to improve dyeing performance of polyester
fabric with disperse red 60, but also, to save energy for preserving the environmental
impact. Both of color strength expressed as dye uptake and the fastness properties of

the dyed fabric were evaluated.
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Introduction

Textile wet processing needs very large amount
of energy. Nowadays, one of the main aspects
to be considered in textile processing is energy
conservation. This target can be achieved by using
microwave or ultrasound energies as effective and
green approaches [1-13].

The first report use of ultrasound in textile
dyeing was by Sokolov and Tumansky in 1941
[14]. The power of ultrasound enhance a wide
variety of chemical processes, mainly due to
the phenomenon known as cavitation in a liquid
medium that is the growth and explosive collapse
of microscopic bubbles which generate hot spots,
i.e., localized high temperature, high pressure,
shock waves and severe shear force capable of
breaking chemical bonds [15]. High temperature
and pressures resulting from the collapse of the
transient cavitation bubbles are responsible for
the observed effects of ultrasound [16]. Vouters
et al. [17] reported that cavitation will allow
accelerating processes and obtaining the same
conventional results but with a lower dye and
chemical concentrations and low temperature.
Achievements obtained in dyeing processes by

ultrasound might be attributed to dispersion,
degassing and diffusion phenomena for ultrasound
[18].

The present investigation aims at using
microwave and ultrasound energy in dyeing
process of polyester fabric using C.I. Disperse
red 60, as a way to enhance the dyeing process,
in order to demonstrate that the energy is saved
by using the microwave and ultrasound, the used
dyeing temperatures are lower, dyeing is more
improved, which is in accordance to preserve the
environment.

Material and Methods

Fabric

Scoured and bleached 100% polyester fabric
(149 g/m?) was supplied by El-Mahalla El-Kobra
Company.

Dye

C.I. Disperse red 60 supplied by DyeStar
Company. Dispersing agents Matexil DA-N was
supplied by ICI Company, commercial HC carrier
supplied by Egyptian Turkish Co. for auxiliaries.
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C.I. Disperse Red 60

Dyeing

Conventional Dyeing

The dye baths were prepared from the dye
(2% over weight of fabric) to a final liquor ratio of
40:1, w/w. The pH value of the bath was adjusted
to 4.5-5 in the presence of 2 % of dispersing
agent and 2 % of carrier. The temperature was
ranged from 60-80 °C, and dyeing continued for
60 min. After dyeing, the fabrics were thoroughly
washed and then subjected to a surface reduction
clearing [(2 g sodium hydroxide and 2 g sodium
hydrosulphite)/L]. The samples were heated
in this solution for 30 min. at 50 °C and then
thoroughly washed and air-dried.

Ultrasound Dyeing

The dye baths were prepared from the dye
(2% over weight of fabric) to a final liquor ratio
of 40:1, w/w. The pH value of the bath was
adjusted to 4.5-5 in the presence of dispersing
agent ranged from 0-5%, and 2 % of carrier or
without carrier. The temperature was ranged from
60-80 °C by using ultrasonic with power level 9
(500 W) (CREST Ultrasonic, TRU-SWEEPTM
ultrasonic bench top cleaner bath, model 575 D
with a capacity 5.75 1) and dyeing continued from
10-60 min. The same post-treatment described in
the conventional method was used here.

Microwave Dyeing

The dye baths were prepared from the dye (2%
over weight of fabric) to a final liquor ratio of 40:1,
w/w. The pH value of the bath was adjusted to 4.5—
5 in the presence of dispersing agent ranged from
0-5%, and 2 % of carrier or without carrier. The
temperature was ranged from 60-80 °C by using
focused microwave oven (CEM Mars microwave,
Matthews, NC, USA) and dyeing continued from
10-60 min. The same post-treatment described in
the conventional method was used here.

High Temperature Dyeing

The dye baths were prepared from the dye
(2% over weight of fabric) to a final liquor ratio of
40:1, w/w. The pH value of the bath was adjusted
to 4.5-5 in the presence of 2 % of dispersing
agent. The temperature was raised to 130 °C by
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using IR dyeing machine, and dyeing continued
for 60 min. The same post-treatment described in
the conventional method was used here.

Testing and analysis

Colour Measurements

The colorimetric parameters of the dyed
polyester fabrics (Tables 1-4) were measured on a
reflectance spectrophotometer. The color yields of
the dyed samples were measured by using the light
reflectance technique performed on an UltraScan
PRO D65 UV/VIS Spectrophotometer. The color
strengths, expressed as K/S values, were measured
by applying the Kubelka-Munk equation.

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

where: R is the reflectance of colored samples
and K and S are the absorption and scattering
coefficients, respectively. Summation method (£
(K/S) &) was used for an equally spaced selection
of wavelength in range of 350-750 nm.

CIE Lab Difference
AE=[(L*+a>+b?)]%

AE: the total color difference between the
sample and the standard: L represents the white-
black axis, a represents the red-green axis and
finally b represents the yellow-blue axis.

Fastness Properties

Fastness properties of the dyed samples were
tested to rubbing, perspiration, washing and light
fastness according to AATCC standard tests [19-22].

Results and Discussions

Effect of dyeing temperatures of conventional,
ultrasound and microwave on the K/S value of
polyester fabric dyed by using a carrier

It is of value to mention here that figure 1
shows that as the dyeing temperature increases
from 60-80 °C, the K/S values increases for
conventional, ultrasound and microwave dyeing,
that might be attributed to the high distribution
rate and also to the increase in the kinetic energy
of the dye molecules [23].

Increasing K/S values of the microwave and
ultrasound dyeing compared to the conventional
dyeing may be attributed to the fact that,
microwave and ultrasound waves facilitating
a dye-fiber contact and accelerating the rate of
diffusion of the dye inside the fiber by breaking
the boundary layers covering the fiber and raising
the interaction between dye molecules and fibers
through cavitation phenomenon [24].

The measured K/S given by the reflectance
spectrometer directly correlated with the dye
concentration on the dye substrate. The color
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coordinates listed in Table 1 indicate that the dye
has good affinity to polyester fabric at the given
temperatures and gave bright and intense red hue.
The colors of the dyed samples by microwave or
ultrasound irradiations are deeper than the same
samples dyed by the same dye using the conventional
dyeing methods. This trend is explained by the higher
values of (a) in the former case compared to that in
the latter case, as shown in Table 1.

Effect of concentration of dispersing agent on the
K/S value of dyeing polyester fabric using carrier
Figure 2, shows the relationship between
K/S as a parameter for dye uptake and the
concentrations of the dispersing agent used
from0to5%  present in the dyebath, in the
beginning the K/S values increase with increasing
the amount of dispersing agent applied from
0 to 1% after that the K/S values decrease with
increasing the amount of dispersing agent. These
results revealed that this dye is in the nano size
before irradiation, for this reason this dye shows
excellent distribution of its particles at high
temperature dyeing method (K/S = 14.20).

Effect of dyeing time of microwave and ultrasound
on the K/S value

It is clear from Fig. 3 that in the presence of
carrier, increasing time of irradiations from 10-60

TABLE 1. Effect of dyeing temperatures on the K/S value.

min leads to increase in K/S values that are because
of the microwave and ultrasound irradiations
which take place for reducing the particle size,
consequently the problem of agglomeration is
minimized

In the light of the above results, it appears that
microwave supported dyeing on polyester, in the
absence of carrier, are actually better than when
the carrier is included in the system. It is apparent
from figure 4 that increasing microwave irradiation
time from 10 minutes to 60 minutes leads to higher
color yields (K/S) on the polyester fabric.

Fastness properties

The overall evaluations of the fastness
assessment of the obtained color on the polyester
fabrics regarding the applied method is given
in Table 5. The obtained results showed that
polyester dyed fabrics (treated with microwave or
ultrasound energy) have a greater fastness levels
to (rubbing, perspiration, washing and light) than
the conventional dyeing; this might be attributed
to the fact that microwave and ultrasound
irradiations increase penetration.

Temperature°C K/S L a b c h AE
Conventional dyeing
60 1.03 64.56 26.07 -5.75 26.70 347.56 69.86
65 1.17 65.77 24.57 -6.02 25.29 346.24 70.46
70 1.51 62.06 30.34 -6.05 30.94 348.72 69.34
75 2.43 57.61 37.79 -5.53 38.20 351.68 69.13
80 3.95 53.24 44.80 -4.45 45.02 354.32 69.72
Ultrasound dyeing
60 2.15 57.44 33.06 -5.93 33.59 349.84 66.54
65 2.93 52.78 34.37 -6.59 35.00 349.14 63.33
70 4.87 49.11 42.69 -4.84 42.96 353.52 65.25
75 8.68 44.23 49.29 -1.29 49.31 358.50 66.29
80 7.61 45.8 49.41 -2.39 49.47 357.23 67.41
Microwave dyeing
60 5.46 49.45 47.33 -3.67 47.98 355.57 58.55
65 5.60 49.39 47.33 -3.29 47.44 356.03 68.48
70 12.90 42.69 54.25 1.34 54.28 1.96 69.06
75 14.01 41.12 54.50 2.66 54.56 2.79 68.32
80 15.40 40.45 54.77 3.42 54.88 3.58 68.18
High temperature dyeing
130 14.20 41.56 55.52 3.18 55.61 3.28 69.42
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Dye 2% (o.w.f) at 60-80 °C with 1:40 liquor ratio at pH 4.5-5, conc. of carrier 2% (o.w.f), dispersing agent 2% (o.w.f) for 1 hour.

Fig. 1. Effect of dyeing temperatures on the K/S value.

TABLE 2. Effect of concentration of dispersing agent on the K/S value.

Concentration of K/S L a b c h AE

dispersing agent %

Ultrasound dyeing at 75 °C

0 4.40 53.80 51.21 -3.66 51.34 355.92 74.36
0.25 5.60 51.43 53.61 -1.87 53.64 358.00 74.31
0.50 7.03 47.52 51.54 -1.27 51.65 352.59 70.18

1 8.68 44.23 49.29 -1.29 49.31 358.50 66.29

2 7.32 47.84 49.33 -2.86 49.41 356.68 68.78

3 6.76 47.29 49.74 -2.71 49.81 356.88 68.69

4 7.00 47.90 49.35 -2.98 49.44 356.54 68.84

5 6.73 48.17 48.99 -3.45 49.11 355.97 68.79

Microwave dyeing at 80 °C

0 14.40 43.24 54.19 4.34 59.38 4.67 73.46
0.25 14.50 42.74 59.33 3.82 58.46 3.74 72.42
0.50 15.03 42.79 59.09 4.77 59.28 4.62 73.11

1 15.40 40.45 54.77 3.42 54.88 3.58 68.18

2 12.60 42.33 53.88 1.70 53.91 1.81 68.54

3 13.10 42.28 54.88 2.12 55.00 2.20 69.38

4 14.40 41.53 54.56 2.67 54.62 2.80 68.62

5 13.60 42.11 54.71 2.15 54.75 2.25 68.07
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Fig. 2. Effect of concentration of dispersing agent on the K/S value.

TABLE3.EffectofdyeingtimeofmicrowaveandultrasoundontheK/Svalueofdyeingpolyesterfabricwithusingcarrier

K/S L a b c AE
Time (min.)

Ultrasound dyeing at 75 °C
10 1.56 61.65 33.14 -6.45 33.76 348.99
20 4.00 51.70 41.53 -4.89 41.82 353.28
30 4.44 50.55 43.15 -4.79 43.41 353.66
40 5.34 49.19 46.09 -3.96 46.26 355.09
50 7.00 46.08 47.46 -3.05 47.56 356.32
60 8.68 44.23 49.29 -1.29 49.31 358.50

Microwave dyeing at 80 °C
10 11.24 43.53 54.47 0.31 54.47 69.73
20 11.70 43.20 54.69 0.81 54.70 69.70
30 12.46 43.40 55.36 1.07 55.37 70.35
40 13.19 42.71 54.99 1.61 55.01 69.65
50 14.68 42.07 55.24 2.48 55.30 69.48
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Fig.3.Effect of dyeing time of microwave and ultrasound on the K/S value of dyeing polyester fabric with using carrier.
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Dye 2% (o.w.f) at 75 °C with 1:40 liquor ratio at pH 4.5-5, conc. of carrier 0% (o0.w.f), dispersing agent 2% (o0.w.f) for 10-60 min.

Fig. 4. Effect of dyeing time of microwave on the K/S value of dyeing polyester fabric without using carrier.
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TABLE 4. Effect of dyeing time of microwave on the K/S value of dyeing polyester fabric without using carrier.

K/S L a b c h AE
Time (min.)
10 11.21 43.82 54.74 0.52 54.74 0.54 70.12
20 12.60 44.74 59.66 3.68 59.77 3.53 74.66
30 12.80 43.28 59.18 3.97 58.94 3.86 73.60
40 13.40 41.36 58.48 4.28 58.64 4.19 72.88
50 14.20 41.56 55.52 3.18 55.61 3.28 69.42
60 14.70 42.63 59.37 4.79 59.57 4.62 73.25
TABLE 5. Fastness properties of dyed polyester fabric.
Fastness properties
Dyeing Rubbing Perspiration Washing Light
method Acid Alkali fastness
Dry Wet Al C W P C|W]|P Al C W P
Conventional dyeing 4 4 45| 45| 45| 45 451 45 4 4 145 34| 34 34
Ultrasound dyeing
without carrier 4 4 451 45 45| 4 4 [ 4534 4 | 4545 4 4
Ultrasound dyemg
with carrier 4 34 4 4 34 4 4 4 4 4 4-5 4 34 4-5
Microwave dyeing
without carrier 4 34 4 4-5 | 4-5 4 45| 45| 45 45 45 45| 45 5
Microwave dyeing
with carrier 4.5 4 4 4-5 | 4-5 4 4-5 | 4-5 4 4 4-5 | 4-5 4 5
High temperature
dyeing 4 4 451 45 ] 45| 45 45 | 45 | 4-5 4 4-5 | 4-5 4 5

Where: A = Alteration, C = Staining on cotton, W = Staining on wool, P = Staining on polyester

Conclusion

Color strength K/S and CIE Lab color space
parameters exhibited a significant increment by
using ultrasound and microwave dyeing methods.
The obtained results in this study showed higher
fastness properties to rubbing, perspiration,
washing and light than the conventional dyeing.
Also, using ultrasound and microwave radiation
to support the dyeing of polyester with C.I
Disperse Red 60, gives important energy savings
since dyeing temperature is reduced from 130 °C
to 80 °C and additionally the new process gives
better dye uptake.
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