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Abstract

performance of dyeing cotton fabrics using infrared (IR) heating

technique compared to conventional exhaust dyeing method. The
effect of this new technique has been studied on the color strength (K/S),
color fastness properties, tensile strength and elongation of the dyed
cotton fabrics made of two Egyptian varieties Giza 90 and Giza 95 using
Procion H-EXL blue reactive dye with concentrations 2%, 4% and 6% .
The color strength values of the infrared heating technique in dyeing were
better than those of the exhaust dyeing obtained using the same dye
concentration 4% and the same recipes. Also the results for dyeing using
infrared heating technique had no bad effect on the color fastness or on
the dyed cotton fabric mechanical properties.
Keywords: Cotton, reactive dye, infrared rays.

INTRODUCTION

Many different heating and drying processes are required in processing of

! new technique represented in this study for evaluating the

textiles, such as dyeing and finishing which are needed to be as quick as possible.
Thus, the requirements for heating sources are increased (Heraeus, 2019).

Infrared radiation (IR), is an electromagnetic wave with
longer wavelengths than the visible light, thus it is invisible to the human eye (Liew,
2006). Table (1) shows the comparison of different kinds of light (Haynes, 2011).

Table 1. Comparison of electromagnetic waves

Electromagnetic waves type Wavelength Frequency (Hz)
Gamma ray less than 0.01 nm more than 30 EHz
X-ray 0.01 nm-10 nm 30 EHz — 30 PHz
Ultraviolet 10 nm — 400 nm 30 PHz — 790 THz
Visible 400 nm-=700 nm 790 THz — 430 THz
Infrared 700 nm-—1 mm 430 THz — 300 GHz
Microwave 1 mm - 1 meter 300 GHz — 300 MHz
Radio 1 meter — 100,000 km 300 MHz — 3 Hz

Infrared waves are considered to be in the lower-middle range of wave
frequencies that is between microwaves and visible light. Infrared waves with longer
frequencies produce heat such as fire, the sun and other heat producing sources. On
the other hand, infrared waves with shorter frequencies do not produce high heat so,

they are used in other technologies such as remote controls (Braybury, 2018).
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Infrared heating is commonly performed in textile finishing specially in textile coating
applications. Heating textile is performed through one of three types of heat transfer:
convection, conduction, or radiation. Each type has its advantages and disadvantages
(Van Denen, 1993).

Infrared is used as a heating source in textile processing due to its heating
power in a short time, which helps to decrease energy consumption and increase the
speeds of production that’s leading to lowering the production costs (Heraeus, 2019).

Infrared heat transfer is unique compared to convection and conduction
because the heat transfer is considered to be a heat source which transfers large
quantities of heat energy to the fibers in a short amount of time (Van Denen, 1993).
The infrared process is an environmental technique that reduces pollution by
decreasing the waste dyes and electrolytes in the effluent from reactive dyeing,
because of the high fixation that occurred using the infrared heating technique
compared to other conventional dyeing techniques (Broadbent, et al., 2005) and
(Debasree, et al., 2017) .

Infrared technology represents an alternative to conventional drying. With the
application of water-based equipment and textile coatings, the production process can
be reorganized and made more efficient especially in processes such as drying,
thermal fixing or coating, etc, which usually have high energy requirements. However,
not every infrared emitter is suited for each process (Eckert, 1994).

Reactive dyes are dyes which include a reactive centre, which reacts with a
nucleophilic group (conventionally on the material of the textile being dyed) to form a
covalent bond, which strongly bonds the dye to the fiber. The reactive centre is
typically an electrophilic centre, often associated with a reactive group. Reactive
dyestuffs can include more than one reactive group and may have more than one
type of such groups. Procion type dyes are examples of these classes of dyestuffs
(Collins, et al., 1998).

The efficiency of infrared heating relies on the spectral absorption of the
fabric and the spectral emission of the infrared emitter. Carr et al., (1997) evaluated
the effects of using IR emitters on fabric properties, such as fabric type, weight,
construction, and dyeability. This study reported that it is useful to match infrared
heating in textile industry applications.

Broadbent et al. (2007) investigated dyeing of polyester and cotton/polyester
blend using disperse and reactive dyes. The dye fixation was done using an electric
infrared oven. The color strength values using the infrared heating were similar to
those of the conventional exhaust dyeing. Using infrared heating didn't affect the light

fastness of the colors or on the fabric characteristics. Thermal dyeing using infrared
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rays demonstrated that the dyeing process was totally controlled which was valuable
for the fabrics dyeing. Broadbent et al (1998) studied dyeing cotton fabric using
reactive dye where the reaction between the dye and the cellulose chains accelerated
by using an electric infrared heating source. The study demonstrated that infrared dye
fixation was higher and faster, than those for conventional dyeing produced by other
heating sources, especially for the lower reactivity dyes.

MATERIALS AND METHODS
Materials
Woven Egyptian cotton fabrics made from the two long staple cotton varieties for
middle and Upper Egypt namely; Giza 95 and Giza 90 were used. Some specifications
of these fabrics are shown in Table 2.

Table 2. Specifications of the cotton fabrics.

Fabric Specifications Giza 95 Giza 90
weave construction plain plain
warp yarn count 40 40
weft yarn count 40 40
mass per unit area 175 g/m2 180 g/m2

Specimens of size of 25 cm x 25 cm were scoured and mercerized.

All chemicals used were of analytical grade. Glauber’s salt (Na2S04.10H20)
and NaOH were analytical grade (Koch-Light Co.), Sodium chloride (LR grade), the
wetting agent was the commercially Triton X-100 supplied by Merck. The reactive dye
used in this study was Procion H-EXL blue, which has two cyanuryl chloride structure
each of them having one remaining chlorine atom (Collins, 1998) as the Structural

formula shown in Figure 1.
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Fig. 1. Procion H-EXL Blue chemical structure
Methods:
1. Scouring:

Cotton fabrics were boiled for 1.5 hours in alkaline solution containing sodium
hydroxide (4.0 %) and wetting agent (Triton X-100) using liquor ratio (1:50 w/v).
Then rinsing with hot and cold water then air dried at room temperature (Al Ashwat,
1974).
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2. Slack mercerization:

The scoured fabrics were mercerized according to Khalifa, (2017) by using
NaOH solution (20 %), the liquor ratio was (1:50 w/v) at 20°C for 2 min. The samples
were washed with boiled and cold water several times to remove the excess caustic
soda. Finally the samples were neutralized using acetic acid solution (10 %), followed
by cold rinsing step, finally dried the cotton fabrics at 80-100°C.
3. Dyeing:

Both scoured and mercerized samples were dyed with different concentrations
(2%, 4% and 6%) of Procion H-EXL Blue reactive dye, using two different dyeing
heating techniques (conventional and Infrared), The Infrared rays as a heating source
was used by ideal laboratory dyeing machine as shown in Figure 2 (Yabo Inc, Jiangsu,
China) at Cotton Chemistry Research Department, Cotton Research Institute,
Agricultural Research Centre, Giza, Egypt. Figure 3 shows the dyeing procedure curve
using the both heating techniques. After dyeing, soaping was performed with 2 g/L
detergent at 90°C for 10 minutes and finally the samples were dried according to
Debasree, et al., (2017).

Fig.2. Infrared laboratory dyeing machine (Yabo Inc, Jiangsu, China)

30 min 60 min

60°C T

40°C Soda Ash

Drain

Water + Sequestering Agent +
Leveling Agent + Glauber’s salt +
Dyes + Fabric Sample

Fig. 3. Dyeing procedure curve
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Measurements
1. Color Strength (K/S).
The reflectance value of a specimen for the wave length of 400nm—700nm with 10nm
intervals was evaluated using UV/VIS spectrophotometer (Lambda 35, Perkin-Elmer,
USA). The measurement was performed in accordance to ASTM E313-96 using CIE
color system coordinates. By using this reflectance value into the Kubelka Munk’s
equation color strength (K/S) can be determined.

K/S = (1- R)?/2R
Where, R=Reflectance of an incident light from the dyed material, K=Absorption, and
S= Scattering coefficient of the dyed fabric.
2. Color Fastness Properties.
Color fastness properties of all dyed specimens were determined as following:
Wash-fastness properties of the samples were measured according to ISO 105-C01,
and the staining colors were assessed by the gray scale.
Light-fastness measurements according to ISO 105-B01
Perspiration fastness was measured according to ISO 105-E04:1987
3. Tensile strength and elongation.

The tensile strength (g/tex) and elongation (%) were measured using Zweigle
testing machine, at a tension speed of 100 mm/min under the standard atmospheric.
The testing was performed according to ASTM D412-98a. Statistical procedure: The
analysis of Variance (ANOVA) statistic was done by SPSS software version 16 (2008).

RESULTS AND DISCUSSION
1. Effect of the dye concentration on Color Strength (K/S)

Figure (4) exhibits the effect of Procion H-EXL blue dye concentration (2%,
4% and 6%) on the color strength (K/S) of the dyed cotton fabrics. The results
showed that the K/S values generally increased as the dye concentration increased.

The color strength (K/S) values for Giza 95 scoured and mercerized dyed
fabrics, respectively were 2.28 and 3.01 when using the minimum dye concentration
(2%), while it was 3.11 and 3.46 with (4%) dye concentration ,however it was 3.22
and 3.88 when using the high dye concentration (6%).

On the other hand , the color strength (K/S) values for Giza 90 scoured and
mercerized dyed fabrics, respectively were 2.87 and 3.36 when using (2%) dye
concentration, while it was 3.32 and 3.81 using (4%) dye concentration ,however it
was 3.5 and 3.92 at dye concentration (6%).

Meanwhile, the highest value of K/S is observed for mercerized dyed fabrics
compared with the scoured fabrics for both cultivars G.90 and G.95, which means that
the mercerization has a greater impact on the values of dye uptake for cotton fabrics
because mercerization swells the fibers and the molecular structure becomes open,
thus facilitating the dye uptake and a higher K/S value is obtained (Khalifa, 2017).
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Fig. 4. Effect of dye concentration of IR dyeing technique on the color
strength (K/S) of the cotton dyed fabrics.

As a results of the effect of dye concentration of IR dyeing on color strength
(K/S) of cotton dyed fabrics, the K/S values for dye concentration (4%) showed
recommended concentration for the conventional technique. Figure (5) shows the
color strength values for both conventional exhaustion and the infrared dyeing
techniques using (4%) dye concentration. It is observed that the infrared dyeing
generally has better results when compared to conventional technique. On the other
hand the color strength (K/S) values for Giza 90 dyed fabric were higher than those of
Giza 95. This is may be due to cellulose orientation and fiber genotype characteristics.

m Conventional o IR

K/S

G95 Sco. G95 Merc. G90 Sco. G90 Merc.

Fig.5. Comparison of IR and conventional dyeing techniques on color
strength (K/S) of the cotton dyed fabrics
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2. Mechanical properties of cotton dyed fabrics as affected by conventional
and IR heating techniques.

The mechanical properties of the dyed cotton fabrics are shown in Table (3).
The results showed that the slack mercerization treatment caused a slight decrease in
the tensile strength (g/tex) and marked increase in the elongation (%) of the dyed
samples. It could be due to the effect of the slack mercerization on the orientation
and re-arrangement of the cellulose chains. This result was in agreement with
Mahmoud, et al., (2005).

Generally the results showed that the effect of different pretreatments
(scouring & mercerizing) and dyeing methods (conventional & infrared) of the cotton
fabrics were insignificantly for the fabric tensile strength, while the elongation (%)
was affected significantly after the slack mercerization treatment for the both cultivars
(G 90 and G 95).

Table 3. Analysis of variance for mechanical properties of un-dyed/dyed
cotton fabrics using IR and conventional dyeing techniques

Cotton pretreatment | Dyeing Tensile Strength Elongation
fabrics technique g/tex E p % E p
value | value value value
G.95 Scoured Un-dyed 36 4.43 0.066 27 2.00 0.216
conventional 38 25
Infra red 38 26
Mercerized Un-dyed 35 5.08 0.051 35 10.5 0.011*
conventional 37 36
Infra red 36 38
G.90 Scoured Un-dyed 35 0.63 0.564 28 0.86 0.471
conventional 36 27
Infra red 36 27
Mercerized Un-dyed 34 1.20 0.364 37 6.86 0.028*
conventional 34 39
Infra red 35 38

*Statistically significant at P value <0.05 based on Analysis of Variance (ANOVA) statistics.

3. Color fastness
Table (4) shows the color fastness measurements (washing, perspiration and
rubbing fastness) for the cotton fabrics dyed with the procion H-EXL blue reactive dye

using infrared heating technique.
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Table 4. Fastness properties of the cotton fabrics dyed with reactive blue

dye using infrared heating technique

Color Fastness to:
Cotton Fabric Pretreatment Rubbing Perspiration
Washing
wet dry Alkaline Acidic

Giza 95 Scoured 4-5 3 3-4 3-4 3

mercerized 4-5 3-4 4 4 3-4
Giza 90 scoured 4-5 3 3-4 3-4 3

mercerized 4-5 3-4 4-5 4 4

The results showed that generally color fastness to washing ranged from
good to excellent (4-5). Also the mercerized dyed Fabrics displayed excellent grade in
color fastness compared to un-mercerized.

Regarding the dry and wet rubbing fastness the high values of the rubbing
color fastness indicate the higher color depth and strength onto the fabrics. The
results showed that the wet rubbing properties are lower than dry rubbing. The
minimum range for rubbing fastness was 3 and maximum range was 5. Debasree., et
al. (2017), reported that when the dyed samples are rubbed against an object, more
dye molecules come out from the fabric surface, hence the value becomes less, which
means rubbing fastness property is not good.

Meanwhile, the results observed that the fastness against acidic perspiration
is lower than the alkaline perspiration. Also it was observed that the minimum range
for the both perspiration fastness was 3 and maximum range was 4.

Generally the results clearly showed that, the two Egyptian cotton varieties (G
95 and G 90) responded almost equally regarding the overall color fastness, it could
be due to they are from the same long staple category of Egyptian cotton varieties.
Also it is worthwhile to mention that the overall good fastness results could be
explained by the infrared fixation process that gave high dye fixation with no color
change (Broadbent, et al., 1998).

CONCLUSION

The Egyptian cotton fabrics were dyed with different concentrations of
reactive dye using both conventional exhaustion dyeing method and IR laboratory
sample dyeing machine in which the infrared is the source of heating. A better color
strength was found in mercerized samples in both dyeing techniques. The color

fastness to washing, rubbing and perspiration for the dyed fabrics are found to be



SHEREEN O. BAHLOOL 415

good to excellent. However, the optimum condition of dyeing was obtained using 4%

dye concentration at 60°C using IR dyeing for 45 minutes.

Moreover using the Infrared rays as heating source in the dyeing machine is

friendly for environment, as there are no fumes and no resulting pollution. Heating is

uniform and temperature sensing is accurate, and reducing the unfixed dyes in the

effluent of dye factories.

10.

REFERENCES
Al-Ashwat A.A., 1974. “Effect of sodium hydroxide and hydrogen peroxide on the
structure and mechanical properties of the Egyptian cotton fiber and yarn”, Ph D.
Thesis , Faculty of Agric. Cairo University, p: 206.
American society for testing and materials, ASTM D412-98a. 2002, Standard Test
Methods for Vulcanized Rubber and Thermoplastic Elastomers—Tension, ASTM
International, West Conshohocken, PA, 2002.
American society for testing and materials, ASTM E313, 2015, Standard method
for Calculating Yellowness and Whiteness Indices from Instrumentally Measured
Color Coordinates ASTM International, West Conshohocken, PA, 2015.
Braybury L., 2018, Seven Types of Electromagnetic Waves, Sci. Georgia State
University , April 30, pp 1-13
Broadbent D., Thérien N.and Zhao Y., 1998, Comparison of the Thermal Fixation
of Reactive Dyes on Cotton Using Infrared Radiation or Hot Air, Industrial &
Engineering Chemistry Research , vol.37 ,March ,(5) .
Broadbent D., Bissou-Billong J., Lhachimi M.,Youssef Mir, and Capistran S., 2005,
Continuous Dyeing of Cotton with Reactive Dyes Using Infrared Heat, Ind. Eng.
Chem. Res., 44 (11), pp 3954-3958.
Broadbent D., Miriem M., Y. Lhachimi, Bissou Billong J. and Capistran S., 2007,
Continuous Dyeing of Cotton/Polyester and Polyester Fabrics with Reactive and
Disperse Dyes Using Infrared Heat, Ind. Eng. Chem. Res., 46 (9), pp 2710-2714.
Carr W. W., Sarma D. S., Johnson M. R., Do B. T., Williamson V. A. and. Perkins
W. A, 1997, Infrared Absorption Studies of Fabrics , Textile Res. 1. 67(10), 725-
738
Collins G. W., Burkinshaw S. M. and Gordon R., 1998, Dyeing of textiles,
https://patents.google.com/patent/W01998037270A1/en.
Debasree P., Subrata C. Das, Tarikul Islam, Abu Bakar Siddiquee Md. and
Abdullah Al Mamun Md., 2017, Effect of Temperature on Dyeing Cotton Knitted
Fabrics with Reactive Dyes, Journal of Scientific and Engineering Research, 4(12):
388-393.



416

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

DYEING OF COTTON FABRIC WITH REACTIVE
DYE USING INFRARED HEATING TECHNIQUE

Eckert J., 1994, Infrared technology for textile processing, Textile Research
Journal , March, 64(3), pp.123-129 -

Heraeus, 2019, Infrared Heat For The Textiles Industry,
https://www.heraeus.com/us/hng/industries_and_applications/infrared_heat/infr

ared_heat _for_the_textiles_industry .pdf, www.wisag.ch , 1-8

Haynes, William M., 2011. CRC Handbook of Chemistry and Physics, (92nd ed.).
CRC Press. p. 10.233.

International Organization for Standardization, ISO 105-C01, 1989, Textiles Tests
for colour fastness - Part CO1: Colour fastness to washing.

International Organization for Standardization, ISO 105-B01, 2014 Textiles Tests
for colour fastness - Part BO1: Colour fastness to light: Daylight.

International Organization for Standardization,ISO 105-E04, 1987 Textiles Tests
for colour fastness - Part E04: Colour fastness to perspiration

Khalifa M. E., 2017, Mercerization of Cotton Yarn Fibers. Optimization of Caustic
Soda Concentration via Degree of Mercerization, Dyability and Mechanical
Properties, International Journal of Textile Science, 6(1): 15-19

Liew S. C., 2006, "Electromagnetic Waves". Centre for Remote Imaging, Sensing
and Processing. 10-27.

Mahmoud A.A., Mohamed A.S., Saleh S.M., 2005, Effect of mercerization
treatment on dyeing efficiency of Egyptian cotton fibers of different maturity
levels, Egyptian Journal of Agricultural Research 83(1), 285-299

Van Denen T, 1993, Effective Use of Infrared Heating for Textile Coating and
Laminating Applications , Journal of Industrial Textiles, 23 ,October (2), pp.131-
149



SHEREEN O. BAHLOOL 417

aladiuly Aaill) diually Ll LaEY) Aelua
o) paad) caad dadNl cudadl 4

Jdsler e (npd
S — el )l Crpaddl S je — il Cipay agne

) 1 oy 5 day A ladl) AU Aelual) dlee o) gl aniil A ) o ¢ el W

idee g s ianS ol yeall Cind Al dlasinly Aol 5 Aael delual da
ol alial (pe gl @lld g deluall Fyas 28S (IR dyeing machine)  disle dsluall
Ji &y pmat cililee ¢l jal 5. 90 83m « 955 3m 1 Lan g Ll 45l AL Jysha (5 peaadl
acluall cudi 5. Ay glSh o seall Aoty 5 el 5 g el e s ol il 2 e delual
ebail e iy ld )y ik Sl lasall e a5 (Procion H-EXL blue dye) 4asas
Alapde Jopasll (%6 5% 4 5% 2) iaiill dapall (o ddlide &) 3 5 Hladinly
LA Aa o pal A Ol Bae A 0 S Aebuall 0 i phall (Sadat g ddliae A3 )
Sl sl Y S 5 el g (5 Sl (3 el 5 KA 5 Javal) aia daaall Al
elia il s G delual) Aglee ol jal Al o Hladi) AlS) ) ekl
Ayikadl) LU A0Sl Gl s e i 8 Ll Gy ¢ B Gl Gal 25 sl Gae s
A all (e % 4 S5 et e deluall Bl Gogplal o i LS L (ALY dilia) )

.33£§3453Mq}344;)3603)\}3;)dm
- a5l sl aiadl @l il suidd gads dela



418 DYEING OF COTTON FABRIC WITH REACTIVE
DYE USING INFRARED HEATING TECHNIQUE



