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Abstract 

Microwave irradiation was successfully used in fixation of pigment prints on cotton fabrics with a K/S values comparable 

with those obtained in case of conventional thermo-fixation technique. The printing pastes were applied to the fabric via 

screen printing technique. Afterwards, the printed fabrics were subjected to microwave irradiation for different periods of 

time at different microwave power. For the sake of comparison another samples of cotton fabrics were printed with the 

same paste, dried and subjected to fixation according to the conventional technique. The K/S values of the printed cotton 

fabrics fixed via microwave irradiation was found to be time and microwave power dependent. Results of this 

investigation clarified also that, regardless of the time of microwave exposure, covering the pigment printed cotton fa bric 

samples with either permeable cellulosic paper sheet or impermeable plastic sheets led to a significant increase in K/S. In 

all cases the K/S follows the order uncovered sample  paper sheet covered sample  plastic sheet covered sample. 

Furthermore, the influence of minimization of the particle size of pigment green colour to the nano-scale on the K/S and 

overall fastness properties of cotton fabrics printed and fixed using microwave irradiation was also investigated.  
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Introduction 

Cellulosic fibres are natural polymers of vegetable origin, like 
cotton, linen, jute, ramie, hessian and sisal

1
. So, it would be 

useful to study and improve the printing technique of these 
natural polymers. 
 
Recently, all of us searching for another source of energy to be 
clean, energy saving, fast and attractive when it comes to 
extraction of secondary metabolites from plants, and the world 
looks have been traveled towards microwave radiation as a 
heating source to be an alternative energy

2-7
. 

 
In pigment printing, insoluble pigments, which have no 
affinity for the fibre and fixed on to the textile with binding 
agents in the pattern required. This description is perhaps 
oversimplified, but it does obviously set pigments apart from 
dyes that are absorbed into the fibre and fixed there as a result 
of reactions specific to the dye

8,9
. 

 
The economic importance of pigments in printing is 
substantial since 1960 these have become the largest colorant 
group for textile prints. More than 50% of all textile prints are 
printed by this method, mainly because it is the cheapest and 
simplest printing method. After drying and fixation, these 
prints meet the requirement of the market. The washing 
process, carried out on chemical prints to remove unfixed dye, 
thickening agents and auxiliaries, is not normally when using 
the pigment printing technique

10,11
. 

 
For more the 3000 years, mineral pigments have been ground 
with natural binding agents (drying and boiled oils, or viscous, 

aqueous solutions of albumen products and vegetable gums) 
and applied to the textile to form a pattern

11
. The basic 

products for modern pigment printing were available quite 
early, but the technique required development. In 1920 
dispersions of useful organic pigments liquid there found in 
pigment printing today were available on the market

11
. In 1930 

emulsion copolymerization of olefinic substances (such as 
butadiene, vinyl esters, acrylonitrile and acrylic acid esters 
was discovered at the former I G Forben in Leverkusen and 
Ludwigshafen. In 1937 the first pigment printing pastes based 
on water-in-oil emulsions were developed in the USA by 
Inter-chemical Corporation

11
. 

 
In Europe aqueous pigment systems, for use oil-in-water 
emulsions were developed. The oil-in-water emulsions 
ultimately drove out the water-in-oil emulsion-based system

12
, 

even in the USA. Eventually, synthetic thickeners became 
available

13
. 

 
A good-quality pigment printing is characterized by: i. 
brilliance and high colour value relative to the pigment 
concentration in the paste, ii. minimum stiffening in the handle 
of the textile, and iii. generally acceptable fastness properties.  
 
In spite of, there are a lot of publication

14-31
 deals with 

utilization of microwave irradiation in the field of textile 
dyeing; its utilization in the field of textile printing is not yet 
fulfilled. Hence the present work was undertaken in view of 
evaluation of microwave irradiation to fix pigment printed 
fabrics in comparison with the conventional thermo-fixation 
technique. 

 

http://www.isca.in/
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Material and Methods 

Substrate: Mill deseed, bleached and mercerized cotton 

fabrics produced by Misr Co. for Spinning and Weaving, El-

Mahalla, Egypt.  

 

Thickening agent: Commercial synthetic thickener 

Daicothick 1600, manufactured by Daico Company, Egypt 

was used. 

 

Pigment: Pigment used is commercial Pigment green under 

the name M. O. Green B supplied by Daico company, Egypt. 

 

Binder: Binder used is commercial binder named Minex 

Binder BD supplied by Daico Company, Egypt. 

 

Chemicals: Urea and sodium dihydrogen phosphate dihydrate 

were of laboratory grade chemicals. 

 

Methods: Preparation of nano-scale pigment: The particles 

of pigment were subjected to minimization using Ultrasonic 

homogenizer (Sonics and Materials, INC), Model: VCX750, 

Volts: 230VAC 50/60 HZNOM, U.S.A). 

 

Preparation of the printing paste: The printing paste was 

prepared accessing to the following recipe 

 

Pigment 40 g 

Urea 25 g 

Thickener 25 g 

Binder 50 g 

Sodium dihydrogen phosphate 50 g 

Water X g 

 1000 g 

 

The printing pastes were applied to the fabric via screen 

printing technique. After printing the printed fabric samples 

were subjected directly, i.e. before drying to microwave 

irradiation for different periods of time ranging between 1 to 9 

min at different microwave power (300,400, 500, 600, 700 and 

800W). For the sake of comparison anther samples of cotton 

fabrics were printed with the same paste, dried and subjected 

to fixation according to the conventional technique, i.e. thermo 

fixation for 3 min at 160C. 

 

Washing: After printing and fixation via microwave 

irradiation, steaming or thermo fixation the printed good were 

subjected to washing through 5 stages as follows. Rinsing 

thoroughly with cold wate, Treatment with hot water, 

Treatment nears boiling temperate with a solution containing 

2g/l aspkon 1030, Washing with hot water, Rinsing with cold 

water. Finally the samples were dried and assessed for colour 

strength (K/S). 

 

Colour, Fastness properties measurements and testing: The 

colour strength of the printed samples was evaluated by 

Hunter lab Ultra scan PRO. The colour strength, expressed as 

K/S and the overall fastness properties (washing, perspiration 

and crocking) were assessed according to the standard 

methods
12,32-38

. 

 

Results and Discussion 

When a piece of material is exposed to microwave irradiation, 

microwave can be: Reflected from the surface if it is on 

electric conductor (e.g. metals, graphite, etc), penetrate the 

material without absorption in the case of good insulators with 

good dielectric properties (e.g. quartz glass, porcelain, and 

ceramics). Absorbed by the material if it is a lossy dielectric 

(i.e. material that exhibits so-called dielectric larses which in 

turn results in heat generation in a quickly oscillating 

electromagnetic field such as water. 

 

In fact the electric field component of microwave radiation is 

responsible for electric heating mechanisms because it can 

cause molecular motion by either migration of ionic species 

(conduction mechanism). 

 

In spite of, there are a lot of researches in the field of 

utilization of microwave in textile dyeing; its utilization in 

textile printing is not yet fulfilled. This may be due to the lake 

of water component in the printed film. The main aim of the 

present work is to evaluate the efficiency of microwave 

irradiation in fixation of pigment printing film. To achieve this 

goal a printing paste containing a green pigment colour was 

prepared according to the recipe indicated in the experimental 

section. The printed cotton fabric samples were subjected to 

microwave irradiation immediately after printing, i.e. before 

drying under a variety of conditions.  

 

Effect of different irradiation time and different 

magnitudes of power: The latter comprise different 

irradiation time at a constant microwave power at 500 W 

(table-1), or for 5 min. at different magnitudes of power (300, 

400, 500, 600, 700 and 800 W (table-2). 

 

It is clear from the date of table-1 that the K/S of the printed 

cotton fabrics fixed via microwave irradiation depends on the 

time of exposure, whereas the time of exposure increases from 

1to 3 to 5 to 7 and to 9 the K/S increases regularly from 0.78 

to 2.75 to 6.78 to 7.5 to 8.01 respectively. 

 

It is also clear from table-1 that covering the pigment printed 

cotton fabric samples with either permeable cellulosic paper 

sheet or impermeable plastic sheets is accompanied by a 

significant increase in K/S. this phenomenon holds true 

regardless of the time of microwave exposure, for example the 

sample which have been exposed for microwave irradiation at 

500W for 9 min. increases from 8.01 to 9.11 to 11.22 by 

covering printed cotton fabric by a paper sheet or a plastic 

sheet respectively. 
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Table-1 
Effect of time of microwave irradiation on printed cotton 

fabrics with green pigment at power 500 W 

Time 
(min.) 

K/S for the sample subjected to microwave 
irradiation 

Uncovered 
samples 

Samples covered with 

Paper 
sheet 

Plastic 
sheet 

1 0.78 3.25 4.26 

3 2.75 4.53 5.86 

5 6.78 8.20 10.11 

7 7.50 8.78 10.59 

9 8.01 9.11 11.22 

K/S of the sample fixed via conventional method thermo-
fixation= 10.09 
 

Table-2 
Effect of power of microwave irradiation on printed cotton 

fabrics with green pigment for 5 min 

Power 
(W) 
 

K/S for the sample subjected to microwave 
irradiation 

Uncovered 
samples 

Samples covered with 

Paper 
sheet 

Plastic sheet 

300 4.23 6.48 7.64 

400 6.05 7.84 9.48 

500 6.78 8.20 10.11 

600 8.78 9.04 11.59 

700 9.53 9.79 13.77 

800 13.47 14.19 17.73 

K/S of the sample fixed via conventional method thermo-
fixation= 10.09 
 
Increasing the K/S by covering the printed goods is expected, 
since microwave heating depends on the polar solvent i.e. 
water in this study, which is able to absorb the electrical 
energy and convert it into heat energy. 
 
As the amount of water molecules on the printed surface of 
cotton fabric increases the expected heat on the fabric surface 
increases. Table-2 represent the values of K/S obtained when 
pigment printed cotton fabrics subjected to microwave fixation 
for 5 min. at various magnitude of microwave power (300, 
400, 500, 600, 700, and 800 W. it is clear from the data of 
table-2 that as the microwave power increases from 300 to 800 
W the K/S increases regularly from 4.23 to 13.47 in case of 
the uncover samples, from 6.48 to 14.19 and from 7.64 to 
17.73 for the uncovered, covered with paper sheet and covered 
with a plastic sheet respectively. Here, too covering the 
printed goods is a companied by an increase in the K/S. In all 
cases the K/S follows the order uncover sample < paper sheet 
covered sample < plastic sheet covered sample.  
 
From the results of table-1 and table-2, it is clear that 
microwave could be used successfully in fixation of pigment 
prints on cotton fabric samples. The K/S depends on both the 
power and time of microwave irradiation. A K/S of 8.01 and 

13.47 could be achieved for the uncovered samples subjected 
to microwave irradiation for 9 min. at 500 W or 5 min. at 800 
W respectively while the K/S of the sample printed by the 
same pigment colour and fixed via conventional technique, i.e. 
thermo-fixation at 160

o
C for 3 min. acquire a K/S of 10.09. 

 
Table-3 represents the overall colour fastness properties of the 
printed cotton fabric fixed either by microwave irradiation or 
conventional method. The data of table-3 reveal that the 
overall colour fastness properties are nearly equal for both the 
samples either fixed via microwave irradiation or conventional 
method. 

Table-3 
Fastness properties of the cotton fabric printed with green 
pigment fixed either by optimum conditions for microwave 

irradiation or conventional method 

Sample 

Fastness Properties 

Washing Rubbing 
Perspiration 

Acidic Alkaline 

St. Alt. Wet Dry St. Alt. St. Alt. 

Pigment 
printed fixed 
by microwave 
at 800 W for 5 
min. 

4-5 4 4-5 4-5 4-5 4 4-5 4 

Pigment 
printed fixed 
by 
conventional 
method 

4-5 4 4 4-5 4-5 4 4-5 4 

St.: staining, Alt.: alteration 
 
Effect of molecular size of pigment on the K/S and on the 
overall fastness properties: Ultrafine pigments with excellent 
properties have widely been used in inkjet inks, dyeing of 
textile fibres and other fields. It was interested to investigate 
the effect of minimization of pigment particle to the nano-size 
on the quality of printing goods. To achieve this goal the nano-
scale pigment was prepared by mixing 4g of commercial 
pigment with 100ml water and set to motion in the ultrasonic 
stirrer (the Probe is turned to resonate at a specific frequency 
20 khz ± 100 hz). The ultrasonic stirrer was operated for 40 

min at 80C, then, two different printing pastes were prepared 
according to the recipe mentioned in the experimental section. 
The first containing the untreated commercial pigment green 
(305.16 nm), while the second containing the treated pigment 
green (27.33 nm). Samples of cotton fabrics were printed 
using the two pastes and subjected to microwave fixation at 
various powers (700 and 800W) for different intervals of time 
(5 and 7min). For the sake of comparison another samples 
were printed and fixed via the conventional method, i.e. 

thermo-fixation at 106C for 3 minutes. Finally, all the printed 
fabrics were washed and subjected to measure the K/S and 
overall fastness properties. The results obtained are shown in 
table-4. Figure-1 and figure-2 represent the SEM of the 
aforementioned pigment colour before and after minimization. 
It's clear from these figures that the molecular particle size had 
decrease from about 305.16 nm to about 27.33 nm. 
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Table-4 

Effect of power and time of exposure of microwave irradiation on K/S of printed cotton fabrics with commercial and 

nano-scale green pigment 

Power  

(W) 

Time 

(min) 

The particle size of Pigment 

Used 

K/S for the sample subjected to microwave irradiation 

Uncovered samples 
Samples covered with 

Paper sheet Plastic sheet 

700 

5 
Mini-sized 6.52 7.73 10.17 

Original 5.42 5.67 7.76 

7 
Mini-sized 16.90 18.01 18.40 

Original 16.13 17.32 17.90 

800 

5 
Mini-sized 17.21 18.25 18.73 

original 17.00 17.56 18.02 

7 
Mini-sized 17.60 18.33 18.90 

original 17.23 17.50 18.33 

K/S of the sample fixed via conventional method thermo-fixation commercial pigment= 14.68& nano-scale pigment =17.30 

 

 
Figure-1 

SEM micrograph of commercial green pigment before treatment 

  
Figure-2 

SEM micrograph of commercial green pigment after treatment  
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Generally speaking the particle size plays a remarkable 
influence on the K/S of the printed goods. Where, in all cases 
the K/S of the nano-scale pigment is higher than their 
corresponding samples printed using the untreated commercial 
pigment. This phenomenon holds true in all cases i.e. for the 
samples printed and fixed either by conventional or microwave 
technique regardless of the magnitude of the microwave power 
or the time of microwave irradiation exposure. 
 
The increase in the K/S by decreasing the particle size of the 
pigment to the nano-scale is expected since as the size of the 
pigment decreases both distribution of the colour and its 
penetration increases hence the K/S increases. The data of 
table-4 clarify that the K/S of the samples printed using nano-
size pigment depends on both the power and time of 
microwave irradiation exposure. The same phenomenon holds 
true for the samples printed using untreated commercial 
pigment. However, in all cases the K/S increases as the 
particle size decreases. Furthermore the data of table-4 reveals 
that covering the samples printed with nano-size pigment 
improves too the K/S. the latter follows the order uncovered 
sample > paper sheet covered sample > plastic sheet covered 
sample.  From the data of table-4 it is clear that the optimum 
conditions to achieve the higher K/S on using nano-scale green 
pigment colour or commercial green pigment colour was at 
power of 800W for 7 minutes.  
 
Finally, table-5 represent the overall colour fastness properties 
for cotton samples printed with either untreated or nano-scale 
green pigment and fixed at the optimum condition, i.e. using 
microwave irradiation at 800W for 7 minutes. It is clear from 
the data that decreasing the particle size of pigment green 
colour from 305.16 nm to 27.33 nm practically has no 
influence on the overall colour fastness properties. 
 

Table-5 
Fastness properties of the cotton fabric printed with either 

untreated or nano-scale green pigment fixed using 
microwave irradiation at optimum conditions 

Sample 

Fastness Properties 

Washing Rubbing 

Perspiration 

Acidic 
Alkalin

e 

St. Alt. Wet Dry St. Alt. St. Alt. 

Commercial Pigment 
printed 

4-5 4 4-5 4-5 4-5 4 4-5 4 

Nano-sized Pigment 
printed fixed by 
conventional method 

4-5 4 4-5 4-5 4-5 4 4-5 4 

 

Conclusion 

It can be concluded that the microwave irradiation could be 
used successfully in pigment printing fixation on cotton fabric 
surface .It is also clear from the data that the K/S depends on: 
i. the size of particles, ii. the method of fixation, iii. The power 
and time of microwave fixation and iv. On the technique 
applied during microwave fixation, i.e. presence or absence of 

cover and also the nature of the cover. Furthermore the data 
reveals that covering of the samples printed with nano-size 
pigment improves too the K/S. The K/S values of the pigment 
printing cotton fabric fixed by microwave irradiation follows 
the order uncovered sample > paper sheet covered sample > 
plastic sheet covered sample.  It is clear that the optimum 
conditions to achieve the higher K/S on using nano-scale green 
pigment colour or commercial green pigment colour was at 
power of 800W for 7 minutes.  
 

References 

1. Mohamed A.L. and Hassabo A.G., Flame Retardant of 
Cellulosic Materials and Their Composites, Flame 
Retardants. P. M. Visakh and Y. Arao, Springer 
International Publishing, 247-314 (2015) 

2. Kenmogne S.B., Ngassoum M., Tchatchueng J.B., 
Vardamides J.C. and Dongmo A., Microwave Assisted 
Extraction of Analgesic Compounds of the Root of 
Ximenia Americana (Olacaceae), Research Journal of 
Chemical Sciences, 4(7), 7-10 (2014) 

3. J.J. and T.R., Microwave Assisted Synthesis and 
Characterisation of Diamagnetic Complexes, Research 
Journal of Chemical Sciences, 3(9), 69-76 (2013) 

4. B.K. Bharat P. and Sharma V.K., Microwave Induced 
Synthesis and Antimicrobial Activities of Various 
Substituted Pyrazolidines from Chalcones, Research 
Journal of Chemical Sciences, 4(2), 68-74 (2014) 

5. Ramesh K., Rajappa A. and Nandhakumar V.,  
Adsorption of Methylene Blue onto onto Microwave 
Assisted Zinc Chloride Activated Carbon Prepared from 
Delonix Regia Pods -Isotherm and Thermodynamic 
Studies, Research Journal of Chemical Sciences, 4(7), 
36-42 (2014) 

6. Geetha P., Bhavana M., Murthy T.P.K., Murthy N.B.K. 
and Ananda S., Microwave Drying of Sprouted Horse 
Gram (Macrotyloma Uniflorum): Mathematical 
Modeling of Drying Kinetics, Research Journal of 
Chemical Sciences, 3(8), 96-102 (2014) 

7. Krishna Murthy T.P., Harish A., Rashmi M., Mathew 
B.B. and Monisha J., Effect of Blanching and Microwave 
Power on Drying Behavior of Green Peas, Research 
Journal of Chemical Sciences, 3(4), 10-18 (2014) 

8. Christie R.M., Mather R.R. and Wardman R.H., The 
Chemistry of Colour Application. England, Wiley-
Blackwell, (2004) 

9. Hussain T. and Ali R., Comparison of Properties of 
Cotton Fabric Dyed with Pigment and Reactive Dye, The 
Journal of The Textile Institute, 100(1), 95-98 (2009) 

10. Iqbal M., Mughal J., Sohail M., Moiz A., Ahmed K. and 
Ahmed K., Comparison between Pigment Printing 
Systems with Acrylate and Butadiene Based Binders, 
Journal of Analytical Sciences, Methods and 



Research Journal of Chemical Sciences ___________________________________________________________ ISSN 2231-606X 

Vol. 5(4), 20-25, April (2015)                  Res. J. Chem. Sci. 

 

 International Science Congress Association            25 

Instrumentation, 2(2), 87-91 (2012) 

11. Miles L.W.C., Textile Printing, Society of Dyers and 
Colorists, (1994) 

12. Abo-Shosha M.H., Nassar F.A., Haggag K., El-Sayed Z. 
and Hassabo A.G., Utilization of Some Fatty Acid/Peg 
Condensates as Emulsifiers in Kerosene Paste Pigment 
Printing, Research Journal of Textile and Apparel, 13(1), 
65-77 (2009) 

13. Jassal M. and Bajaj P., Developments in Acrylic: Based 
Thickeners as Substitute of Emulsion Thickeners for 
Pigment Printing, Indian Journal of Fibre and Textile 
Research, 26(1-2), 143-155 (2001) 

14. Loupy A., Microwaves in Organic Synthesis, Wiley-
VCH, Weinheim, (2002) 

15. Al-Mousawi S., El-Apasery M. and Elnagdi M., 
Microwave Assisted Dyeing of Polyester Fabrics with 
Disperse Dyes, Molecules, 18(9), 11033-11043 (2013) 

16. Öner E., Büyükakinci Y. and Sökmen N., Microwave-
Assisted Dyeing of Poly(Butylene Terephthalate) Fabrics 
with Disperse Dyes, Coloration Technology, 129(2), 125-
130 (2013) 

17. Xu W. and Yang C., Hydrolysis and Dyeing of Polyester 
Fabric Using Microwave Irradiation, Coloration 
Technology, 118(5), 211-214 (2002) 

18. Ahmed N.S.E. and El-Shishtawy R.M., The Use of New 
Technologies in Coloration of Textile Fibers, Journal of 
Materials Science, 45(5), 1143-1153 (2010) 

19. Bhat N.V., Kale M.J. and Gore A.V., Microwave 
Radiations for Heat-Setting of Polyester Fibers, Journal 
of Engineered Fibers and Fabrics, 4(4), 1-6 (2009) 

20. Haggag K.A., Review Article of Microwave Irradiation 
and Its Application in Textile Industries, Science 
Publishing Group, (2014) 

21. Berns R.S. and Needles H.L., Microwave Versus 
Conductive Heating Their Effect on the Solvent–Assisted 
Dyeing of Polyester Fibre with Anthraquinonoid 
Disperse Dyes, Journal of the Society of Dyers and 
Colourists, 95(6), 207-211 (1979) 

22. Hanna H.L., Haggag K. and El-Shemy N.S., Effect of 
Microwave Irradiation of Properties of Polyamide Fabric, 
18

th
Egyptian International Chemical Conference, 

Chemistry of Human Needs, Hurghada, Egypt, (2009) 

23. Kappe C.O., Stadler A. and Dallinger D., Microwaves in 
Organic and Medicinal Chemistry, Weinheim: Wiley-
VCH, (2012) 

24. Nourmohammadian F. and Gholami M.D., An 
Investigation of the Dyeability of Acrylic Fiber Via 
Microwave Irradiation, Progress In Color, Colorants 
And Coatings, 1(1), 57-63 (2008) 

25. Lin L., Bai X., Feng H., Jiang X.K., Liu J. and Sun H.Y., 

Dyeability of Flax Fabric Improved by Urea, Journal of 
Natural Science of Heilongjiang University, 22, 74-77 

(2005) 

26. Sun H., Lin L., Jiang X. and Bai X., The Improvement of 
Dyeability of Flax Fibre by Microwave Treatment, 
Pigment and Resin Technology, 34(4), 190-196 (2005) 

27. Ke G., Yu W., Xu W., Cui W. and Shen X., Effects of 
Corona Discharge Treatment on the Surface Properties of 
Wool Fabrics, Journal of Materials Processing 
Technology, 207(1–3), 125-129 (2008) 

28. Yoshimura Y., Ohe T., Ueda M., Kurokawa T., 
Matsushima H. and Mori F., Effect of Microwave 
Heating on Dyeing, Sen'i Gakkaishi, 63(6), 146-151 

(2007) 

29. Xue Z. and Jin-xin H., Keywords: and 58-62, P.S. 
Improvement in Dyeability of Wool Fabric by 
Microwave Treatment, Indian Journal of Fibre and 
Textile Research, 36(1), 58-62 (2011) 

30. Ahmed K.A., Haggag K., El-Kashouti M.A. and El-
Hennawi H.M., Microwave Synthesis: A Prospective 
Tool for Green Chemistry and Its Textile Application, 
Saarbrücken, Germany, LAP LAMBERT Academic 
Publishing AG and Co. KG, (2013) 

31. Hancock A. and Lin L., Challenges of Uv Curable Ink-
Jet Printing Inks: A Formulator's Perspective, Pigment 
and Resin Technology, 33(5), 280-286 (2004) 

32. AATCC, Colour Fastness to Crocking, Technical Manual 
Method American, Association of Textile Chemists and 
Colorists, 68, 23-25 (1993) 

33. AATCC, Colour Fastness to Light: Carbon: Arc Lamb, 
Continuous Light, Technical Manual Method American 
Association of Textile Chemists and Colorists, 68, 33-48 

(1993) 

34. AATCC. Colour Fastness to Perspiration. Technical 
Manual Method American Association of Textile 
Chemists and Colorists, 68, 30-32 (1993) 

35. AATCC, Colour Fastness to Washing: Characterization 
of Textile Colorants, Technical Manual Method 
American Association of Textile Chemists and Colorists, 
68, 89 (1993) 

36. Kubelka P. and Munk F., Ein Beitrag Zur Optik Der 
Farbanstriche, Z. Tech. Phys., 12, 593 (1931) 

37. Mehta K.T., Bhavsar M.C., Vora P.M. and Shah H.S., 
Estimation of the Kubelka: Munk Scattering Coefficient 
from Single Particle Scattering Parameters, Dyes and 
Pigments, 5(5), 329-340 (1984) 

38. Waly A.I., Marie M.M., Abou-Zeid N.Y., El-Sheikh 
M.A. and Mohamed A.L., Processes of Dyeing, Finishing 
and Flame Retardancy of Cellulosic Textiles in the 
Presence of Reactive Tertiary Amines, Research Journal 
of Textile and Apparel, 16(3), 66-84 (2012) 


