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ABSTRACT 

This research aimed to study the laser treatment as a finishing method on cotton 

fabric in order to modify the material’s properties. The fibre structure and properties 

were studied along with the mechanical properties, surface morphology and 

properties and dyeing properties of cotton, which were characterized by scanning 

electron microscopy (SEM), Fourier Transform Infrared (FTIR) spectroscopy, X-ray 

photoelectron spectroscopy (XPS), and standard physical testing methods, such as; 

tensile strength, tearing strength, wettability, and dyeing properties measurement 

techniques. 

 

After treating cotton fabric with laser, various levels of surface modification were 

obtained from different laser parameters, namely resolution and pixel time. Scanning 

electron microscopy (SEM) images showed that a characteristics porous surface 

structure was created by laser. It was discovered by FTIR and XPS analysis that the 

surface absorbance intensity decreased upon increasing the laser beam parameters. 

The fabric weight and fabric strength decreased with the resolution and pixel time. 

The wetting properties were highly improved by laser treatment on cotton. Moreover, 

the mechanical properties of tensile, shearing, bending, compression and surface 

were modified by laser irradiation. 

 

Further investigation was conducted in order to study the effect of laser treatment on 

cotton to explore the possibility of the laser technology applied in colour fading of 

textile goods, like denim washing processes. The dyeing strength results showed that 

the laser only affect the laser-treated side of the samples, the other side without the 

laser treatment remained like the control sample. By comparing with traditional 

washing processes, the laser fading effect was controlled by computer-aid 

instrument systematically and thus a predictable and desirable fading effect can be 

obtained by using laser. 

  ‐ i ‐



LIST OF PUBLICATIONS 

Book Chapters 

Y. L. Chow, C. K. Chan and C. W. Kan, SEM Analysis of CO2 Laser Treated Cotton 

Grey Fabric, Microscopy: Science, Technology, Applications and Education, vol. 3, 

1860-1867 (2010) 

 

Journals 

Y. L. Chow, C. K. Chan and C. W. Kan, A study of physical modification on grey 

cotton by laser irradiation, Fibers and Polymers, Vol. 12 (2), 275-280 (2011) 

 

Y. L. Chow, C. K. Chan and C. W. Kan, Effect of CO2 Laser Treatment on Cotton 

surface, Cellulose (submitted) 

 

Y. L. Chow, C. K. Chan and C. W. Kan, A study of the Dyeing performance of CO2 

Laser-treated Cotton Fibre, Cellulose (to be submitted) 

 

Y. L. Chow, C. K. Chan and C. W. Kan, A study of the Fabric Properties of Cotton 

Treated with CO2 Laser, Cellulose (to be submitted) 

 

 

 

  ‐ ii ‐



Professional Journal 

C.K. Chan, Y.L. Chow, C.W. Kan C.W.M. Yuen, Laser applications in the textile and 

garment industries, Textile Asia, pp. 36-38 July-August (2009) 

 

Conference Presentations 

C.W. Kan, Y.L. Chow, C.K. Chan, C.W.M. Yuen, Laser Impact on Grey Cotton 

Fabric, Proceedings of the 10th Asian Textile Conference, Japan, 108 (September 

2009) 

 

C.W. Kan, Y.L. Chow, C.K. Chan, C.W.M. Yuen, Effect on wettability of grey cotton 

fabric using laser, Proceedings of the 38th Textile Research Symposium at Mt. Fuji 

Mitsuo Matsudaira, Japan, 21-24 (September 2009) 

 

Y.L. Chow, C.K. Chan, C.W. Kan, C.W.M. Yuen, Morphological Modification of 

Grey Cotton Fibre by Laser Technology, TACT 2009 International Thin Flims 

Conference, Taiwan (December 2009) 

 

Y. L. Chow, C. K. Chan, and C. W. Kan, A study of grey cotton fabric using laser 

technology, Macro2010: 43rd IUPAC World Polymer Congress, Glasgow UK (July 

2010) 

  ‐ iii ‐



ACKNOWLEDGEMENTS 
 

I would like to place on record my sincere gratitude to my chief supervisor, Dr. C. K. 

Chan, Associate Professor of Institute of Textiles and Clothing at The Hong Kong 

Polytechnic University, for his comprehensive assistance, valuable opinion and 

encouragement throughout the period of my research. 

 

I would also like to express my deepest thanks and appreciation to my co-supervisor, 

Dr. C. W. Kan, Assistant Professor of the Institute of Textiles and Clothing at The 

Hong Kong Polytechnic University, for his consistent support and useful opinion 

about this project.  

 

I express my sincere thanks to the laboratory technical staff in the colouration and 

finishing laboratory, colouration laboratory, physical testing laboratory and objective 

measurement laboratory of the Institute of Textiles and Clothing as well as the 

technical staff in Materials Research Centre, for their kind assistance and valuable 

advice in the experimental work. 

 

Finally, I would like to thank my parents, brothers and sister, friends and classmates 

for their encouragement and psychological support during my study. 

  ‐ iv ‐



CONTENTS 
 Page
ABSTRACT i
 
LIST OF PUBLICATIONS  ii
 
ACKNOWLEDGEMENT  iv
 
CONTENTS v
 
LIST OF TABLES ix
 
LIST OF FIGURES xi
 
CHAPTER 1 INTRODUCTION 1
1.1 BACKGROUND OF STUDY 1
1.2 OBJECTIVES 3
1.3 RESEARCH METHODOLOGY 3
1.4 PROJECT SIGNIFICANCE AND VALUE 5
1.5 SCOPE OF THESIS 5
  
CHAPTER 2 LITERATURE REVIEW 7
2.1 INTRODUCTION 7
2.2 COTTON FIBRE 8
 2.2.1 Pre-treatments of Cotton 9
 2.2.1.1 Sizing and Desizing 9
 2.2.1.2 Scouring 9
 2.2.1.3 Bleaching 10
 2.2.2 Cotton Fibre Properties 10
2.3 LASER TECHNOLOGY 11
 2.3.1 CO2 Laser 12
 2.3.2 Advantages and Disadvantages of CO2 Laser 15
2.4 COMPARISON BETWEEN DIFFERENT TYPES OF 

LASER MODIFICATION OF TEXTILES MATERIALS 
BY LASER TREATMENT 

15

2.5 APPLICATIONS OF LASER IN TEXTILE INDUSTRY 19
 2.5.1 Laser Cutting 19
 2.5.2 Laser Cleaning 20

  ‐ v ‐



 2.5.3 Laser Fading 21
2.6 CHARACTERIZATION METHOD 22
 2.6.1 Changes in Surface Morphology and Properties 23
 2.6.2 Changes in Physical Properties 24
 2.6.3 Changes in dyeing Properties 25
2.7 CONCLUSION 26
  
CHAPTER 3 EFFECT OF LASER ON COTTON FABRIC 28
3.1 INTRODUCTION 28
3.2 EXPERIMENTAL DETAILS 29
 3.2.1 Sample Preparation 29
 3.2.2 Laser Irradiation 30
 3.2.3 Desizing Treatment 30
 3.2.4 Scouring Treatment 30
 3.2.5 Bleaching Treatment 31
 3.2.6 Scanning Electron Microscopy (SEM) 31
 3.2.7 FTIR ATR Spectroscopy 32
 3.2.8 Fabric Weight Loss 32
 3.2.9 Wettability 32
 3.2.10 Wetting Test 33
 3.2.11 Fabric Strength 33
3.3 RESULTS AND DISCUSSIONS 33
 3.3.1 Surface Morphology 33
 3.3.2 FTIR Analysis 48
 3.3.3 Fabric Weight Loss 55
 3.3.4 Wettability 56
 3.3.5 Wetting Test 59
 3.3.6 Fabric Strength 62
 3.3.7 Effects between pretreatments and pixel time and 

resolution of laser 
66

3.4 CONCLUSION 72
  
CHAPTER 4 EFFECT OF LASER MODIFICATION ON 

PHYSICAL AND CHEMICAL PROPERTIES OF 
COTTON FABRIC 

75

4.1 INTRODUCTION 75
4.2 EXPERIMENTAL DETAILS 76
 4.2.1 Sample Preparation 76

  ‐ vi ‐



 4.2.2 Laser Irradiation 77
 4.2.3 Scanning Electron Microscopy (SEM) 77
 4.2.4 FTIR ATR Spectroscopy 77
 4.2.5 X-ray Photoelectron Spectroscopy Analysis 77
 4.2.6 Fabric Weight Loss 78
 4.2.7 Yellowness Index 78
 4.2.8 Breaking Strength 79
 4.2.9 Tearing Strength 79
 4.2.10 Upward Wicking Test 79
 4.2.11 Kawabata Evaluation System for Fabric (KES-F) 80
4.3 RESULTS AND DISCUSSIONS 82
 4.3.1 Surface Morphology 82
 4.3.2 FTIR Analysis 93
 4.3.3 XPS Analysis 98
 4.3.4 Fabric Weight Loss 100
 4.3.5 Yellowness Index 101
 4.3.6 Fabric Strength 103
 4.3.7 Wicking 105
 4.3.8 Fabric Mechanical Properties 108
 4.3.8.1 Tensile Properties 108
 4.3.8.2 Shearing Properties 109
 4.3.8.3 Bending Properties 110
 4.3.8.4 Compression Properties 111
 4.3.8.5 Surface Properties 112
4.4 CONCLUSION 113
  
CHAPTER 5 EFFECT OF LASER TREATMENT ON DYEING 

PROPERTIES 
115

5.1 INTRODUCTION 115
5.2 EXPERIMENTAL DETAILS 117
 5.2.1 Sample Preparation 117
 5.2.2 Laser Irradiation 117
 5.2.3 Direct Dyeing and After treatment with Cationic 

Fixing Agent 
118

 5.2.4 Rate of dyeing and Colour Measurement 119
 5.2.5 Colour fastness 120
5.3 RESULTS AND DISCUSSIONS 120
 5.3.1 Fabric Dyeability 120

  ‐ vii ‐



 5.3.2 Rate of Exhaustion 130
 5.3.3 Colour fastness to Washing 134
 5.3.4 Colour fastness to Crocking 135
5.4 CONCLUSION 136
  
CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 139
6.1 INTRODUCTION 139
6.2 SUMMARY 139
 6.2.1 Surface Morphological Modification 139
 6.2.2 Chemical Modification 141
 6.2.3 Modification on Textile Properties 142
 6.2.4 Dyeing Properties 143
6.3 CONCLUSION 144
6.4 RECOMMENDATIONS FOR FUTURE WORK 145
  
APPENDIX Ia  147
APPENDIX Ib  148
APPENDIX Ic  149
APPENDIX Id  150
APPENDIX Ie  151
REFERENCES  152

 

 

 

 

 

 

  ‐ viii ‐



List of Tables 

  Page
Table 2.1  Characterization techniques for determining effects of 

modification of fibre properties by laser 
22

Table 3.1 Pore sizes on laser treated cotton samples at 40 dpi for 
different pixel times. 

39

Table 3.2 The pore density on laser treated cotton samples (150µs and 
various resolutions). 

42

Table 3.3 Wetting diameter (mm) of laser treated cotton fabrics treated 
under different laser conditions. 

60

Table 3.4 Wetting diameters (mm) of laser treated cotton fabrics 
(different laser conditions) after desizing. 

61

Table 3.5 Wetting diameter (mm) of laser treated cotton fabrics 
(different laser conditions) after desizing and scouring. 

61

Table 3.6 Wetting diameter (mm) of laser treated cotton fabrics 
(different laser conditions) after desizing, scouring and 
bleaching. 

61

Table 3.7 Weight Loss of laser treated cotton fabric (different laser 
settings) and of control samples with various wet pretreatment 
processes. 

70

Table 3.8 Contact angles of laser treated cotton fabric (different laser 
conditions) and control samples after desizing, scouring and 
bleaching.  

71

Table 3.9 Diameter of absorbed liquid on laser treated cotton fabric 
(different laser conditions) and control samples after various 
wet processes. 

71

Table 4.1 Tensile, shearing, bending, compression and surface 
properties as measured by KES-F 

81

Table 4.2 Pore sizes and pore density on laser treated cotton samples at 
various pixel times and resolutions. 

93

Table 4.3 Elemental percentage analysis of cotton fabric laser treated at 
different resolutions and pixel times 

100

Table 4.4 Yellowness indices of untreated and laser treated cotton 
samples under illuminant D65 and 10° observer. 

102

Table 4.5 Percent loss of fabric strength at different resolutions and 
pixel times. 

103

Table 4.6 Mechanical properties of laser treated cotton fabrics. 108

  ‐ ix ‐



Table 5.1 Different parameters used for laser treatment of samples. 117
Table 5.2 K/S values of fabric laser treated with different parameters 

and dyed with direct dye at various depths. 
126

Table 5.3 The difference between colour of dyed cotton samples with 
and without cationic fixing agent. 

130

Table 5.4 The half dyeing and % E of laser treated cotton at different 
conditions. 

133

Table 5.5 Results of colour fastness to washing test (AATCC Test 
Method 61-2007 Colour fastness to Laundering: Accelerated) 

135

Table 5.6 Results of colour fastness to crocking test (AATCC Test 
Method 8-2007 Colour fastness to Crocking: AATCC 
Crockmeter Method) 

136

 

  ‐ x ‐



List of Figures 
  Page
Figure 2.1 Molecular structure and configuration of cellulose 8
Figure 2.2 Diagram of a cotton fibre in cross-section view 11
Figure 2.3 Vibrational modes of the CO2 molecule: (v1) symmetric 

stretching, (v2) bending, and (v3) asymmetric stretching 
13

Figure 2.4 Schematic of energy levels involved in operation of CO2 
laser 

14

Figure 2.5 SEM image of laser treated linen fabric 19
Figure 3.1 SEM image of control sample at 3000X 34
Figure 3.2 Laser treated grey cotton sample 35
Figure 3.3 Laser treated desized cotton sample 35
Figure 3.4 Laser treated desized and scoured cotton sample 36
Figure 3.5 Laser treated desized, scoured and bleached cotton sample 36
Figure 3.6 Relationship between fibre surface morphological 

modification and pixel time of laser irradiation of grey cotton 
fabric (1000X and 3000X). 

37

Figure 3.7 Relationship between fibre surface morphological 
modification and resolution of laser irradiation (200X). 

40

Figure 3.8 Relationship between fibre surface morphological 
modification and pixel time of laser irradiation of desized 
laser treated grey cotton fabric (1000X). 

42

Figure 3.9 Fibre surface morphological modification of grey cotton 
fabric after laser irradiation at different resolutions and after 
desizing (200X). 

44

Figure3.10 Fibre surface morphological modification of grey cotton 
fabric after laser irradiation with different pixel times and 
after desizing and scouring (1000X). 

45

Figure 3.11 Fibre surface morphological modification of grey cotton 
fabric after laser irradiation with different pixel times, and 
after desizing, scouring and bleaching (1000X). 

47

Figure 3.12 FTIR absorbance spectra of cotton fabrics treated with laser 
at 40 dpi and 100 – 150 µs. 

49

Figure 3.13 FTIR absorbance spectra of laser treated cotton fabrics at 
40-70 dpi and 100 µs. 

51

Figure 3.14 FTIR absorbance spectra of desized laser treated cotton 
fabrics at 40 dpi and 100 – 150 µs. 

52

Figure 3.15 FTIR absorbance spectra of scoured laser treated cotton 53

  ‐ xi ‐



fabrics at 40 dpi and 100 – 150 µs. 
Figure 3.16 FTIR absorbance spectra of bleached laser treated cotton 

fabrics at 40 dpi and 100 – 150 µs. 
55

Figure 3.17 Percent weight loss of cotton fabrics laser treated under 
different treatment conditions. 

56

Figure 3.18 Contact angle of laser treated grey cotton fabrics for various 
resolutions and pixel times. 

57

Figure 3.19 The effect of surface roughness on wetting. 58
Figure 3.20 Power density of CO2 Laser for different pixel times and 

resolution. 
63

Figure 3.21 Breaking strength of grey cotton fabric treated with laser. 64
Figure 3.22 Breaking strength of laser treated fabric after desizing. 65
Figure 3.23 Breaking strength of laser treated fabric after desizing and 

scouring 
65

Figure 3.24 Breaking strength of laser treated fabric after desizing, 
scouring, and bleaching. 

66

Figure 3.25 Surface modification of cotton fabric not laser treated but 
desized, scoured and bleached. 

67

Figure 4.1 Experimental setting for upward wicking test. 80
Figure 4.2 Untreated cotton 82
Figure 4.3 Morphological study of laser treated cotton (1000X and 

3000X). 
84

Figure 4.4 FTIR absorbance spectra of laser treated cotton fabric with 
resolution of 40 dpi and 100 -120 µs pixel time. 

95

Figure 4.5 FTIR absorbance spectra of laser treated cotton fabric with 
resolution of 50 dpi and 100 -120 µs pixel time. 

96

Figure 4.6 FTIR absorbance spectra of laser treated cotton fabric with 
resolution of 60 dpi and 100 -120 µs pixel time. 

97

Figure 4.7 FTIR absorbance spectra of laser treated cotton fabric with 
resolutions of 40, 50 and 60 dpi. 

98

Figure 4.8 Percent fabric weight loss due to laser treatment. 101
Figure 4.9 Effect of resolution and pixel time on tensile strength in 

warp direction. 
104

Figure 4.10 Effect of laser resolution and pixel time on tearing strength 
in warp direction. 

105

Figure 4.11 Effect of change of resolution on wicking in laser treated 
cotton fabrics. 

106

Figure 4.12 Effect of change of pixel time on wicking in laser treated 107

  ‐ xii ‐



  ‐ xiii ‐

cotton fabrics 
Figure 5.1 Dyeing profile 118
Figure 5.2 Reflectance curves of fabrics laser treated with different 

resolutions and then dyed with 0.1% owf 
122

Figure 5.3 Reflectance curves of fabrics laser treated with different 
resolutions and then dyed with 2% owf 

122

Figure 5.4 Reflectance curves of fabrics laser treated with different 
resolutions and then dyed with 5% owf 

123

Figure 5.5 Colour yield of laser treated cotton fabric dyed with different 
dye concentrations. 

124

Figure 5.6 Difference between colour yield of laser treated side and the 
other side of the fabric (0.1% owf). 

128

Figure 5.7 Difference between colour yield of laser treated side and the 
other side of the fabric (2% owf). 

128

Figure 5.8 Difference between colour yield of laser treated side and the 
other side of cotton fabric (5% owf). 

129

Figure 5.9 Dyebath exhaustion time of bleached cotton fabric laser 
treated for different pixel times 

131

Figure 5.10 Dyebath exhaustion time of bleached cotton fabric laser 
treated at different resolutions. 

132

 



 

CHAPTER 1 

INTRODUCTION 

 

1.1  BACKGROUND OF STUDY 

Cotton is widely used in the textile industry for making apparel and household items 

due to its excellent physical and chemical properties. With increasing awareness 

about and concern for environmental issues such as large amounts of effluents 

produced and high consumption of water and energy, wet processing and chemical 

modification methods used in the textile processing industry (for example, desizing, 

scouring, bleaching, denim washing and dyeing) are considered as not 

environment-friendly. In order to address the environmental problems caused by 

these wet processes, new finishing technologies are being developed. Also with the 

increasing demand for newly developed functional fibres and special technical fibres, 

new finishing technologies and methods have become necessary. 

 

Many researchers have reported the application of different technologies on various 

materials to obtain various surface treatments such as plasma treatment, electron 

beam and laser. In the process of development of new textile treatments, much effort 
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has been spent on applying laser irradiation on textile materials to obtain physical as 

well as chemical changes of the material surface. Currently, there are three main 

types of laser, i.e. Nd:YAG laser, CO2 laser and UV laser being used commonly in 

the textile industry. Laser technology is applied in textile processes for different 

purposes. For example, CO2 laser has been widely used for cutting fabric for many 

years [34]. Laser affects material surface integrity [93]; UV laser is used on 

synthetic fibres [67]; and laser is used to create special and identical designs on 

textile materials. By and large, there is a tendency to apply the dry process of laser 

treatment to textile materials as a finishing treatment which can address the 

drawbacks of conventional wet processes and also improve efficiency and 

productivity in the textile industry. Since cotton has a very high market share, laser 

treatment on cotton products is almost essential. 

 

Laser treatment on synthetic fabrics can produce some well oriented structures of 

grooves or ripple surface structures [2, 36, 66]. This characteristic surface 

morphology affects not only the physical properties but also affects chemical 

properties up to a certain depth, thereby affecting dyeing performance [1]. As a 

result, it is essential to understand the mechanism and effects of laser treatment on 

natural fibres. 
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1.2 OBJECTIVES 

The principal objectives of this thesis are as shown below. 

I. To study the interaction between laser beam and cotton under different 

combinations of various process parameters in order to understand the 

fundamentals of laser treatment that can ultimately impart desired finishing 

effect on the fabric. 

II. To evaluate the aesthetic performance and wear characteristics of laser-treated 

cotton with respect to different process parameters. 

III. To characterize fabric surface composition after laser treatment with different 

instrumental and analytical methods. 

 

1.3 RESEARCH METHODOLOGY 

I. Literature Review 

A comprehensive literature review was conducted to provide the background 

knowledge and information about recent developments in use of laser 

technology on textile materials for surface modifications and changes in 

physical and chemical performances. 

II. The interaction between the laser beam and textile materials (cotton) under 

different combinations of various parameters such as resolution and pixel time 
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is studied. 

In laser-based finishing processes for textile materials, the laser beam is moved 

on the textile material to be treated. The interaction of the laser beam and the 

material depends on laser beam parameters. Study of various process 

parameters is necessary as all parameters influence the laser treatment in an 

inter-related manner. 

III. Evaluation of aesthetic performance and wear characteristics of laser treated 

cotton fabric with respect to different process parameters. 

Effects of interaction of laser beam with cotton fabric in terms of change in 

aesthetic performance (shade change, colour contrast and texture) of 

laser-irradiated cotton fabric were evaluated. In addition, wear characteristics 

such as colour fastness, strength resistance and tearing strength were evaluated 

to determine the effectiveness of the laser-based finishing process. 

IV. Characterization of cotton fabric’s surface composition after laser treatment 

with different instrumental and analytical methods. 

After laser treatment, surface composition of the textile fabric may be altered. 

Systematic study of alternation by exploring the interaction mechanism 

between laser beam and textile material was conducted for characterization of 

the laser beam treated surface, which involves determination of surface 
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topography and physical and chemical characteristics.  

 

1.4 PROJECT SIGNIFICANCE AND VALUE 

I. Use of laser technology for finishing of fabric results in less pollution of the 

environment since use of chemical agents and water is reduced. 

II. Automated control of laser technology enables the manufacturer to change the 

laser effect without any retooling which means the process is more flexible and 

can applied on cut or uncut materials.  

III. Computer-aided laser technology can produce very complicated designs on the 

materials, and the designs are highly reproducible. 

IV. A thorough study can lead to applications of different types of lasers such as 

UV laser and Nd:YAG laser on different kinds of fabrics. 

 

1.5 SCOPE OF THESIS 

This thesis is composed of six chapters. In Chapter 1, background of the study, its 

objectives, methodology used and the scope of the thesis are introduced. 

 

In Chapter 2, literature research and review are presented to explain cotton fibre, its 

structure and other properties and the pre-treatment processes used. A review of the 
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development of laser application on textile materials, covering the types of laser, 

basic mechanism of laser and recent applications of laser in the textile industry is 

presented.  

 

Chapter 3 presents details of experiments of laser treatment of cotton with various 

parameters, i.e. resolution and pixel time of laser irradiation. Pre-treatments of 

cotton fabrics were conducted and evaluations of surface properties and other related 

fabric properties were conducted. 

 

Chapter 4 investigates laser irradiation on a fully bleached cotton fabric. Physical 

properties, including surface morphology, surface chemical composition, fabric 

strength, wickability and mechanical properties were examined. 

 

Chapter 5 explores dyeing performance of cotton after laser treatment. Apart from 

dyeability, colour fastness to washing and crocking were also evaluated to examine 

the effect of laser treatment on dyeing. 

 

Chapter 6 gives a summary of major findings and results of the present work, and 

conclusions. Directions for future research work are also suggested. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 INTRODUCTION 

Cotton is the most important natural textile fibre in the world, used for making 

apparel, home furnishings and industrial products [94, 113]. Much research has been 

carried out to impart new functional properties to cotton [99, 114]. At the same time, 

with the increasing concern for environmental issues, the focus has shifted to 

development of physical, rather than chemical, treatments for modifying textiles 

materials. For example, plasma treatment, electronic beam and laser treatment are 

methods being increasingly used for fabric treatment and finishing [65, 70, 78, 124, 

134]. 

 

In this chapter, fibre structure, properties and pre-treatment of cotton are reviewed. 

Treatments used for fibre modification are presented and possibilities of applying 

new modification techniques to cotton are reviewed. Last but not least, a series of 

analytical methods are described for characterization of fibre structure and 

properties.  
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2.2 COTTON FIBRE 

Cotton is a natural cellulosic fibre that consists of practically pure cellulose and may 

be chemically described as poly (1,4-B-D-anhydroglucopyranose) [63]. The 

chemical structure of cotton is shown in Figure 2.1; it consists of chemical elements 

carbon, hydrogen and oxygen. Cotton consists of cellulosic and non-cellulosic 

material; the outermost layer of cotton fibre is cuticles covered by waxes and pectins. 

Inner parts can be divided into several layers of cellulose fibrils and lumen [95].  

 

 

Figure 2.1 Molecular structure and configuration of cellulose 

 

Cotton is a naturally grown seed hairs fibre that contains impurities. The loom state 

cotton fabric contains natural impurities equivalent to about 8-12% of total weight of 

the fibre. Impurities mainly consist of waxes, proteins, pectic substances and mineral 

matters [63]. Also, for weaving of fabric, sizing is applied to warp yarn so as to 

make it strong enough to withstand the tension during the weaving process, i.e. to 

reduce breakages [112]. Therefore, to improve the quality, aesthetics and appearance 

of cotton fabric, a series of fundamental wet processes are carried out, namely, 

desizing, scouring and bleaching, before dyeing and/or printing.  
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2.2.1 Pre-treatments of Cotton Fabric 

2.2.1.1 Sizing and Desizing 

For making woven fabric, in most cases, natural cotton yarn is sized before weaving. 

Sizing is essentially a coating of chemicals on yarn which imparts strength and helps 

prevent the yarn from abrading, damaging and breaking. Sizing facilitates high 

speed weaving [112]. However, the sizing materials can lead to non-uniform dyeing 

and finishing of fabric. Therefore, sizing materials are removed by a desizing 

process after weaving and before subsequent processes such as bleaching and 

dyeing. 

 

Desizing of cotton fabric can be accomplished by rot steeping, acid steeping, 

treatment with enzyme and oxidizing agents [63]. Desizing of cotton involves 

converting insoluble sizing materials such as starch and polymers into water soluble 

compounds. In this thesis, desizing is used to remove sizing materials on cotton 

fabric. The reaction is accomplished by transforming the starch into simple sugars or 

simple water soluble polymers [63]. 

 

2.2.1.2 Scouring 

Scouring is a treatment that reduces impurities in the fabric to facilitate 
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reproducibility of dyeing and finishing results. The complex natural impurities 

present in cotton substrate are removed with the aid of alkaline scouring agent 

(sodium hydroxide) and detergent, in order to enhance uniformity of dyeing and 

finishing. 

 

2.2.1.3 Bleaching 

Even after scouring, fibres and fabrics still contain naturally occurring colouring 

matter which is destroyed with the help of bleaching agents though some 

degradation of the fibre takes place in the process [63]. The bleaching process is 

performed by using oxidizing bleaching agent and reducing bleaching agent, in 

which hydrogen peroxide is commonly used [112]. In the bleaching process, 

hydrogen peroxide liberates perhydroxyl ions which are highly unstable. In the 

presence of oxidisable substance (coloured impurities in cotton), the perhydroxyl 

ions are decomposed and bleaching takes place [63]. 

 

2.2.2 Cotton Fibre Properties [22, 53] 

Generally speaking, cotton is white to tan in color. Individual fibres’ length ranges 

from 1000 to 3000 times diameter [22]. In cross section, the fibre looks like a kidney 

bean with lumen (Figure 2.2). In terms of physical properties, cotton is a 
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medium-strength fibre having a dry breaking tenacity of 3.5-4.0 g/d (grams/denier), 

and it has moderate high modulus resulting in a good bending ability [53]. Besides, 

the cotton fibre has low resilience and wrinkles easily; it does not recover well from 

wrinkling. On the other hand, cotton has good water absorbency that makes it 

comfortable in wearing because of its many hydroxyl groups [22]. Cotton is suitable 

for making clothing for hot and warm weather as it can insulate the body from 

atmospheric heat; it conducts electricity but does not build static electricity [22]. 

However, cotton can be degraded by chemicals such as acids used in bleaching. It 

has good resistance to alkalis, but strong mineral acid can cause extreme damage 

and, therefore, bleaching conditions need to be carefully controlled.  

 

 

Figure 2.2 Diagram of a cotton fibre in cross-section view 

 

2.3 LASER TECHNOLOGY 

The first laser beam was created in 1960 and at that time there were few applications. 

However, a few years later, several physicists studied the possibility of welding, 
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engraving, fusing and marking with laser beam [68]. In the mid-1970s there was 

rapid growth of laser technology for industrial applications. A new generation of 

lasers began facilitating new applications in different areas, such as physics and 

chemistry [107]. Due to the high accuracy and power of the laser beam in cutting, 

engraving, etching and pattern printing its applications in textiles have become 

popular over the past few decades. Now higher efficiency and more standardized 

treatment results can be achieved by laser.  

 

According to the physical nature of the active medium used in laser, it can be 

classified into four main types: solid-state lasers, gas lasers, semiconductor lasers 

and dye lasers. Nd:YAG laser, Carbon dioxide (CO2) laser and UV laser are the most 

commonly used lasers in textile industry. 

 

2.3.1 CO2 Laser 

CO2 laser was one of the earliest gas lasers to be developed (invented by Kumar 

Patel of Bell Labs in 1964), and it is still one of the most widely used. It is the 

highest-power continuous wave laser currently available. Also it is a molecular gas 

laser consisting of CO2 gas as its active medium. CO2 lasers use a mixture of CO2, 

nitrogen and helium. By adding helium, the output power increases. The CO2 laser 
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beam is an infrared light with principal wavelength bands centering between 9.4 and 

10.6 micrometers. The CO2 molecule can undergo three different types of vibrations 

such as symmetric stretching, bending and asymmetric stretching (Figure 2.3). The 

energy associated with these three vibrational modes is quantized. 

 

 
Figure 2.3 Vibrational modes of the CO2 molecule: (v1) symmetric stretching, (v2) 

bending, and (v3) asymmetric stretching [44] 

 

The excited state of the CO2 molecule corresponds to the presence of one or more 

quanta of energy. Figure 2.4 shows the energy level of the operation of CO2 laser. 

The laser operation begins with vibrational excitation of nitrogen (N) molecules 

which closely correspond to the (001) vibrational levels of CO2. Due to the 

instability of the excited state of nitrogen, the collisional energy of nitrogen 

molecule is exchanged with CO2, and vibrational excitation of CO2 molecules is 

formed. Laser transition takes place between initial level (001) and final levels (100) 
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and (020), resulting in 10.6 and 9.6 μm laser radiations, in which radiation at 10.6 

μm is the strongest. CO2 lasers can be operated in both continuous and pulsed modes 

[25]. 

 

 
Figure 2.4 Schematic of energy levels involved in operation of CO2 laser [25] 

 

Laser has been widely used for cutting materials ranging from fabrics to metals as it 

facilitates precise and reliable cutting results. Besides, laser treatment has been 

developed and applied as a finishing method recently in textile field. For textile 

materials, surface modification by chemical finishing methods is more common but 

these methods are not environment friendly and can even cause safety and pollution 

problems. As a result, laser technology application as a physical treatment is 

becoming popular; it can be used in different applications to improve and even 

eliminate several problems associated with traditional processes. 
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2.3.2 Advantages and disadvantages of CO2 laser 

There are several advantages CO2 gas lasers offer over other types of laser [11, 23, 

24, 25, 27, 89, 111] for applications in textiles. 

(1) The laser is a source of energy which can be irradiated on an object directly and 

the power and intensity can be controlled to obtain the desired results. 

(2) The laser is capable of cutting or modifying characteristics of a wide variety 

materials from fabrics to metals. 

(3) The CO2 based laser is suitable for modification of fabric due to its high 

efficiency compared with other lasers. 

(4) The computer-aided infrared CO2 laser has large beam size, ease of operation 

and flexibility to allow replication. 

(5) Use of CO2 gas is non-toxic and is relatively inexpensive. 

 

2.4 COMPARISON BETWEEN DIFFERENT TYPES OF LASER 

MODIFICATION OF TEXTILES MATERIALS BY LASER TREATMENT 

Conventional technologies used in textile preparation and finishing such as desizing, 

scouring, bleaching, dyeing and printing, pumice stone washing in case of materials 

like denim, and chemical finishing produce large quantities of polluted water [71, 83, 

97]. Processes used for finishing of denim include colour fading [88, 90], printing, 
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stone washing and sanding which create special design features. These finishing 

processes involve large quantities of water and generate chemical wastes that can 

cause pollution to the environment. 

 

Cleaner and dry physical treatments provide more advantages than using traditional 

chemical wet processing. By using dry and cleaner processes to finish textile 

materials, consumption of water, oxygen and energy can be reduced significantly, 

besides reduction or elimination of large amounts of effluents with high pH and 

toxicity generated by wet processing [97]. Computer controlled laser treatment is 

one of the established physical methods being used as a reliable surface finishing 

method. Laser irradiation is able to modify different materials or substrates, such as 

polymers, wood, metals and semiconductors, in which physical and chemical 

properties of the materials’ surface can be changed. 

 

Effects of UV and CO2 laser treatment on synthetic fibres, including polyester and 

polyamide, have been studied. Both types of laser irradiation induce similar surface 

morphological modification on polyester and polyamide. In UV laser irradiated 

polyester fabrics some well-oriented ripple structures of micrometer dimensions 

were developed on the material surface [4, 65, 66, 67]. After treating with laser 
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irradiation, regular roll-like or ripple-like structures were developed on the fibre 

surface, which was perpendicular to the fibre axis.  

 

Results of CO2 laser treatment of polyester fabric, i.e. changes in physical properties, 

have been studied by using Scanning Electron Microscope (SEM), and tensile 

testing machine [1, 24, 56]. Tensile strength and elongation of laser treated polyester 

fibres were found to be lower than untreated fibre since laser irradiation creates 

more weak spots on the fibre surface with a ripple-like structure and leads to 

reduction in both tensile strength and extensibility. Apart from this, wettability, 

surface luster and handle of laser treated fibre may be different from the untreated 

fibre. It is because these properties are also closely related to surface morphology of 

fibre, which can be altered by laser irradiation. 

 

Modification of fibres by UV laser can cause some changes in chemical properties 

of fibre, which come to the fore in dye up-take results [119]. To study dyeing 

properties, colour yield of laser treated polyester fabric was compared with control 

samples. The results showed that laser induced ripple structure on the fibre surface 

can enhance dyeing performance of polymer fibres [127]. Laser induced surface 

morphology enhances adhesion of dyestuff in the dyeing process and thus the colour 
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uptake is higher on laser irradiated fabrics [126]. Apart from this, results of Fourier 

Transform Infrared spectroscopy (FTIR) and crystallinity measurement showed that 

there was a decrease in crystalline regions but an increase in amorphous regions 

after treating the fabric with laser, which results in higher colour uptake of laser 

treated polyester fabrics [75]. As a result, the laser treatment can affect dyeability of 

textile fibres, i.e. deeper dyeing can be achieved to improve dyeing results of textile 

materials. 

 

A study of effects of CO2 laser on natural linen fibre was conducted. Linen fabric 

was irradiated by CO2 laser beam, surface of the fabric was burnt, and the degree of 

darkening was varied by adjusting the laser beam power. For surface modification of 

linen fibres, SEM analysis showed cellulose degradation as exploded swelling, 

yielding a sponge-like structure (Figure 2.5). The laser beam causes surface 

dehydration, forming tar, and results in brown shades getting formed on linen fabric. 

The degradation was found to be deeper when laser power was increased. 
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Figure 2.5 SEM image of laser treated linen fabric [32] 

 

2.5 APPLICATIONS OF LASER IN TEXTILE INDUSTRY 

2.5.1 Laser Cutting 

Laser cutting has become a popular process in most manufacturing industries. Both 

metallic and non-metallic materials can be cut, welded and surface treated by 

different types of lasers at different operating powers [136]. By using 

computer-controlled laser cutting machine, even complicated and very fine patterns 

can be cut with high accuracy and efficiency. Moreover, the laser cutting application 

can eliminate cutting problems caused by traditional cutting methods, such as 

cutting deflection, inaccurate cutting and tangling of materials. Therefore, 

geometrically complex patterns can also be cut with high flexibility and efficiency 

by using laser cutting technology in the textile industry. High power CO2 and 

ND:YAG lasers are widely used for engraving, cutting, welding, soldering and 3D 

prototyping applications. Laser cutting applications include sailclothes, parachutes, 
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airbags and lace. Laser cutting is very quick and accurate; there is no edge 

discoloration, and a neat fused edge can be obtained, eliminating fraying of the 

material [107]. For example, the laser beam can cut and seal nylon material with a 

minimum of flaring occurring on the edges and without any burnt traces [136]. 

 

2.5.2 Laser Cleaning 

Removal of natural and artificial soil from surface of cotton, wool, silk and linen 

fabrics has been investigated. Since the usual chemical cleaning methods, like 

organic solvent cleaning and wet detergent cleaning can cause damage to materials 

while removing undesired layers of soil, they are not suitable for archaeological 

textile cleaning. For example, using sodium hydroxide to clean linen textile 

materials can cause chemical degradation resulting in weakening of linen fibres and 

causing fibres to break easily [26]. Laser cleaning can offer advantages over the 

conventional methods by minimizing the handling of the materials and providing 

higher accuracy in the process. Besides, parameters of laser irradiation can be varied 

to control the level of cleaning of the materials. For instance, adjustment of 

wavelength, pulse and fluence can control the efficiency of cleaning. However, laser 

cleaning can cause undesirable discolouration (yellowing) of the treated fibre. 

According to Bloisi, F. [10], silk and cotton exhibit low variation in colour after 
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repeated laser shots. On the contrary, in case of fibres like linen, that contain 

coloured organic components, a visible bleaching effect can be observed; a 

yellowing effect occurs when laser irradiation is increased. The laser beam may 

cause excessive temporary localized heating of materials, thus resulting in 

heat-induced degradation [10]. By using different wavelengths and types of laser 

beams, different effects of cleaning can be achieved with high efficiency and 

accuracy.  

 

2.5.3 Laser Fading  

Recently companies have been trying to develop various techniques to improve the 

visual aspects of denim fabrics and products to enhance product appeal [88]. For 

instance, fabric printing, etching and washing effects are commonly used to create 

patterns, varied-fades and torn look. Treatment with laser for fading can eliminate 

some of the drawbacks of traditional methods and give special effects to the 

materials. In laser fading, different levels of washing effect can be achieved by using 

different laser wavelengths and process parameters. It is believed that low intensity 

laser can transfer designs onto the surface of textile materials by changing dye 

molecules in the fabric and creating alterations in colour quality values [90]. This 

finishing process can be applied on specified garment parts or uncut materials. In 
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addition, laser fading technology can produce very fine images such as texts, logos, 

prints and even pictures, which are reproducible, as they are computer controlled. 

Therefore, productivity, product quality and reproducibility can be improved greatly 

with identical designs being created. 

 

2.6 CHARACTERIZATION METHOD 

It has been shown in Sections 2.4 and 2.5 that laser treatment can cause modification 

of fibre properties. Characterization of modified fibres should be carried out to 

examine modification effects. Accordingly, selecting the appropriate evaluation 

techniques to detect the changes brought about by laser treatment is essential. The 

experimental work may cover different aspects, namely, surface morphology and 

properties, textile properties and dyeing properties (Table 2.1).  

 

Table 2.1 Characterization techniques for determining effects of modification of 
fibre properties by laser 
Surface Morphology and 
Properties 

Textile Properties Dyeing Properties 

Scanning Electron 
Microscopy (SEM) 

Tensile Strength Dyeability 

X-ray Photoelectron 
Spectroscopy (XPS) 

Tearing Strength Exhaustion Rate 

Fourier Transform 
Infrared Spectroscopy 
(FTIR) 

Wettability / Wickability Colour fastness 

 Fabric Handle  
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2.6.1 Changes in Surface Morphology and Properties 

Structure and morphology of the topmost surface layer is modified by laser 

irradiation. Therefore, a comprehensive surface analysis is performed to study the 

change in surface structures. To characterize the change in fibre surface morphology 

and properties, advanced analytical techniques were used, including Scanning 

Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR) and 

X-ray Photoelectron Spectroscopy (XPS). 

 

Scanning electron microscopy (SEM) is a powerful and commonly used equipment 

to observe and study fibre surface morphology. By detecting the secondary electrons 

emitted from the specimen during irradiation with ion beams, a secondary electron 

image of the surface can be captured, known as a scanning electron microscope 

(SEM) image [29]. Moreover, the SEM imaging system depends on the specimen 

being sufficiently electrically conductive to ensure that the bulk of the incoming 

electrons go to the ground [105]. The SEM can provide a detailed image of samples 

in various magnifications of up to 300,000X.  

 

Fourier Transform Infrared (FTIR) spectroscopy is a measurement technique for 

collecting infrared spectra. Attenuated total reflectance (ATR) is a sampling 
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technique used in conjunction with FTIR spectroscopy which enables samples to be 

examined directly by measuring the total internal reflection. 

 

X-ray photoelectron spectroscopy (XPS) is a method in which an electron 

spectrometer is used to measure the energy distribution of photoelectrons and Auger 

electrons emitted from a surface irradiated by X-ray photons [116]. This technique 

can generate the chemical composition and exact proportion of atoms on the 

material surface. Hence, the chemical modification of the material surface induced 

by laser can be measured effectively. 

 

2.6.2 Changes in Physical Properties 

Laser treatment has the power to engrave parts of the materials and induce 

characteristics surface structures. It is important to monitor the severity of the laser 

treatment. Therefore, the fabric weight loss was measured as an indication of change. 

On the other hand, fabrics intended for household or apparel use need only a certain 

minimum strength to withstand handling during production and use [100]. 

Consequently, the minimum strength requirement denoted in terms of tensile 

strength may be viewed as a measure of serviceability of a fabric [102].  
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Wetting property plays an important role in determining the comfort of the fabric, 

and hence it is essential to measure wettability of the fabric [21, 100]. According to 

some researchers, alteration of fibre surface and surface chemical groups induced by 

laser treatment do affect wetting properties of the fabric. Wetting properties can be 

measured by contact angle and wicking tests [7, 37, 38, 42, 70, 82, 125, 131].  

 

Apart from design characteristics and fabric performance, the way a fabric feels 

when touched or the way it drapes on different configurations is also important in 

product development [21]. Thus, the objective hand value measurement by 

Kawabata Evaluation System for Fabric (KES-F) is essential. When surface 

morphology is modified by laser treatment, it is believed that the handle of the fabric 

is also affected [76, 80, 98]. KES-F, a collection of properties (tensile, bending, 

shear, compression and surface) is an accepted measure of handle of fabrics.  

 

2.6.3 Changes in Dyeing Properties 

It is equally important to study the interaction of modified fibres with dyes, as most 

of the textile materials are dyed. As mentioned previously in Section 2.4.1, the laser 

induces a different dyeing performance in treated synthetic fibres [124, 132]. It is 

believed that dyeing properties of laser treated cotton fabrics may be different from 
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the untreated fabric. Furthermore, techniques of colour fading of textile goods being 

used in industry are mainly chemical, which leads to environmental problems and 

relatively low reproducibility [27, 86, 87, 88, 89, 90]. In this study, dyeing behavior 

of laser treated cotton fabric dyed with direct dye was examined. Dyeing properties, 

performance, rate of exhaustion and colour fastness to washing and crocking of dyed 

cotton fabric were evaluated [12, 77, 101, 104, 120]. 

 

2.7 CONCLUSION 

Cotton fibre plays an important role in production of textiles goods, such as apparel 

and household and industrial items, and it has a predominant share in the global 

market. It is useful to explore the possibility of treating cotton with new 

modification techniques and at the same time obtaining reduction in generation of 

chemical waste and effluent. Previous research works have focused on synthetic 

fibres; only a few studies have examined the use of laser treatment on natural linen 

fibres. It is valuable to study possible physical techniques for modification of natural 

cotton fibre, in order to address environmental problems and concerns in respect of 

production of cotton goods. 

 

Recent developments in laser technology have been explored. Apart from cutting 
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textile fabrics, laser treatment has also been developed and applied as an alternate 

surface modification method. Much research has been conducted on the application 

of laser technology for cleaning of textiles, creation of surface fading effects on 

textile materials like jeans and surface modification of different textile materials. 

Upon treating with laser, surface morphology of fibres is changed, resulting in 

different physical and chemical performance. In addition, laser can eliminate 

environmental problems caused by conventional wet processes. 

 

Hence, the major objectives of studying the effects of laser treatment on surface 

structure and properties modification of cotton are covered. With the aid of various 

analytical evaluation instruments and measurement techniques, the effect of laser 

irradiation on textile materials (i.e. cotton) is examined systemically and 

comprehensively. 
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CHAPTER 3 

EFFECT OF LASER ON COTTON FABRIC 

 

3.1 INTRODUCTION 

Laser treatment has been used to modify surface properties of natural and synthetic 

fabrics, such as linen [32], silk [108], cotton [1, 2], acrylic [36], acetate [36], nylon 

[36] and polyester [36, 65, 67]. Exposure of fibres to laser irradiation can produce a 

modified surface that affects surface properties of the materials [24, 119, 125]; laser 

treatment can modify fibre surface morphology [66]. The effect is dependent on 

machine power, form of laser and fibre structure. Alterations of surface 

characteristics of material by laser treatment can be grouped into four categories, 

namely, surface morphology, surface chemical composition, surface wetting and 

physical strength properties. 

 

Two laser irradiation parameters, resolution (dot per inch, dpi) and pixel time (µs), 

are varied to have a more complete understanding of laser treatment of cotton. 

Resolution represents the intensity of laser spots in a particular area (dot per inch, 

dpi); higher dpi represents a higher number of dots per square inch and implies a 
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higher resolution. Pixel time represents the time for which the laser head is 

positioned at each image point (in µs). The longer the pixel time is, the more is the 

energy and longer is the contact time, causing a higher degree of engraving effect. 

 

Surface properties of materials are important factors for their performance. 

Therefore, a comprehensive surface analysis is needed to correlate the surface 

structure with physical or chemical properties. Scanning Electron Microscopy (SEM) 

is commonly used for examining microscopic structures of materials [24, 75]. 

Fourier Transform Infrared (FTIR) analysis is used to determine the change in 

chemical composition after treatment. Wettability and fabric strength need to be 

tested for evaluation of laser treatment effect. 

 

3.2 EXPERIMENTAL DETAILS 

3.2.1 Sample Preparation 

A 100% plain weave grey cotton fabric (density: 60x60; yarn count: 20x20 tex; and 

weight 156 g/m2) was taken as the sample. All pieces were conditioned at 21 ± 1 

℃ and 65 ± 5% RH for 24 hours before conducting the experiments and again 

before evaluation. 

 

  ‐ 29 ‐



3.2.2 Laser Irradiation 

Irradiation was performed using a commercial pulsed CO2 laser (GFK Marcatex 

FLEXI-150) under atmospheric conditions. The samples were irradiated by the laser 

beam directly. Pulse energy of the laser beam was in the range of 5mJ to 230mJ and 

the wavelength was 10.6μm. The two parameters of resolution (40, 50, 60 and 70 

dpi) and pixel time (100, 110, 120, 130, 140 and 150µs) were varied to study the 

effect of different effects of laser on cotton fabric. 

 

3.2.3 Desizing treatment 

Laser treated cotton fabrics were desized with Invazyme L40 (Huntsman 

Corporation) (5g/l, liquor-to-goods ratio: 200:1) at 70℃ for 1 hour. The desized 

fabrics were rinsed in hot water (100℃) for stopping enzyme activity and were then 

rinsed in cold water. After that the fabrics were oven-dried at 75℃. The treated 

fabrics were conditioned at 21 ± 1 ℃ and 65 ± 5% RH for 24 hours prior to 

evaluation.  

 

3.2.4 Scouring treatment 

Desized laser treated grey cotton fabrics were scoured with sodium hydroxide and 

detergent (Supplier: Oriental Chemicals & Lab Supplies Ltd) (20g/l, liquor-to-goods 
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ratio: 200:1) at boiling temperature for 1 hour. The scoured fabrics were rinsed in 

hot water first and then in cold water. The fabrics were neutralized with cold 0.5% 

Acetic Acid (Supplier: Oriental Chemicals & Lab Supplies Ltd) and then rinsed in 

cold water again. Finally the fabrics were oven-dried at 75℃ and were conditioned 

at 21 ± 1 ℃ and 65 ± 5% RH for 24 hours prior to evaluation. 

 

3.2.5 Bleaching treatment 

After desizing and scouring, the fabrics were bleached with hydrogen peroxide 

(Supplier: Oriental Chemicals & Lab Supplies Ltd) (conc. 35%) with 

liquor-to-goods ratio of 200:1 at 90-95℃ at pH10.5-11.0 for 1 hour. The bleached 

fabrics were rinsed in cold water and were then oven-dried at 75℃. After that the 

fabrics were conditioned at 21 ± 1 ℃ and 65 ± 5% RH for 24 hours prior to 

evaluation. 

 

3.2.6 Scanning Electron Microscopy (SEM) 

Surface morphology of cotton specimens was investigated using the JEOL 

JSM-6490 Scanning Electron Microscope (SEM) with magnification up to 3000. 
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3.2.7 Fourier Transform Infrared Attenuated Total Reflectance Spectroscopy 

(FTIR ATR) 

The FTIR absorbance spectra of the cotton samples were measured by Spectrum 100 

FT-IR Spectrometer (Perkin Elmer).  

 

3.2.8 Fabric Weight Loss 

Fabric weight loss was calculated on the basis of weight of conditioned fabric, 

before and after laser treatment. After treating with laser, the fabric was weighed and 

the percentage change of weight was calculated as in the following Equation (1): 

 

where W0 is the initial weight and W is the weight of the samples after treatment. 

Positive change indicates a gain in weight and negative change implies weight loss 

of the sample.  

 

3.2.9 Wettability 

Wettability of specimens was evaluated by a Contact Angle Meter (TanTec Contact 

Angle Meter Model CAM-Micro). A drop of water (1µl) was placed on the fabric 

specimen surface and then the image of the liquid droplet was projected on to a 

contact angle micrometer (TanTec Contact Angle Meter Model CAM-Micro), and 
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the contact angle was measured immediately. 

 

3.2.10 Wetting Test 

A drop of dye solution (1µl) with 0.1% concentration of direct dye (Solophenyl Blue 

FGL-01 165%) (Chanson & Co. Ltd) was placed on the fabric specimen surface. 

After 5 minutes, the wetting diameter was measured. 

 

3.2.11 Fabric Strength 

Breaking strength and elongation of fabric samples were measured in accordance 

with standard ASTM D5034-08 using an Instron Tensile Tester 4466. 

 

3.3 RESULTS AND DISCUSSIONS 

3.3.1 Surface Morphology 

Figure 3.1 shows SEM images of the control sample (without laser treatment) at 

magnification of 3000X. It is seen that cotton fibres contain some grooves and 

wrinkles, though no pores and cracks are present. The untreated cotton fibre surface 

can be described as a smooth fibre surface.  
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Figure 3.1 SEM image of control sample at 3000X 

 

Figure 3.2 shows SEM images (3000X) of grey cotton sample treated with laser at 

40 dpi and 100µs pixel time.  SEM images of laser treated cotton fabric after 

desizing, scouring and bleaching are shown in Figures 3.3, 3.4 and 3.5, respectively. 

Laser irradiation resulted in pores of various sizes on the cotton fibre, causing a 

sponge-like structure [32]. As the CO2 laser used is a kind of pulsed laser, a large 

number of pores were formed.  The sponge-like structure remains after the fabric 

has undergone desizing, scouring and bleaching processes. 
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Figure 3.2 Laser treated grey cotton sample 

 

Figure 3.3 Laser treated desized cotton sample 
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Figure 3.4 Laser treated desized and scoured cotton sample 

 

Figure 3.5 Laser treated desized, scoured and bleached cotton sample 

 

Figures 3.6 (a) to (f) show SEM images of grey cotton fabric after laser treatment 

under varying parameters. It was found that when pixel time of laser irradiation 

increased from 100 to 150µs, the laser effect on the fibre surface became more 

significant, i.e. more pores, cracks and fragments were formed. Besides, it is obvious 
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that the sponge-like structure is limited to the surface only; smooth and unmodified 

cotton fibres in subsequent layers can be seen clearly. Furthermore, it is evident that 

laser irradiation etches the cotton fibres, resulting in many short fibres with free ends. 

Also, sizes of pores vary according to laser irradiation parameter settings. 

 

 
(a) Resolution: 40 dpi; Pixel time: 100µs 

 
(b) Resolution: 40 dpi; Pixel time: 110µs 
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(c) Resolution: 40 dpi; Pixel time: 120µs 

 
(d) Resolution: 40 dpi; Pixel time: 130µs 

 
(e) Resolution: 40 dpi; Pixel time: 140µs 
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(f) Resolution: 40 dpi; Pixel time: 150µs 
 

Figure 3.6 Relationship between fibre surface morphological modification and pixel 
time of laser irradiation of grey cotton fabric (1000X and 3000X). 

 

Table 3.1 shows the correlation between pixel time and sizes of pores; when pixel 

time is increased, sizes of pores also increased. Pixel time is the time for which the 

laser head is positioned at an image point (in µs). The longer the pixel time, the 

more is the energy focused on the fabric, and higher is the engraving effect. 

Therefore, higher pixel time indicates that more energy was focused on the fabric 

and, therefore, sizes of pores induced by the laser beam became larger.  

 

Table 3.1 Pore sizes on laser treated cotton samples at 40 dpi for different pixel 
times. 

 
Pixel Time (µs) 

100 110 120 130 140 150 
Pore size (µm) 1.60  2.08  2.13 2.22 2.51  2.84  
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Figures 3.7 (a) to (d) show SEM images of cotton fabric treated with laser beam at 

different resolutions. When fibres are treated at a higher resolution, density of pores 

and short fibres with free ends is higher. For example, laser induced pores are 

distributed over nearly all fibres when resolution used was 70 dpi, as shown in 

Figure 3.7(d); free ends of fibres are held together more firmly than in case of 

samples treated at 40 dpi. The inference is that the CO2 laser beam is a kind of 

infrared laser which emits thermal energy and the sizing material may have melted 

and adhered on the fibre surface [23]. 

 

 
(a) Resolution: 40 dpi; Pixel time: 150 µs 

 
(b) Resolution: 50 dpi; Pixel time: 150 µs 
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(c) Resolution: 60 dpi; Pixel time: 150 µs 

 
(d) Resolution: 70 dpi; Pixel time: 150 µs 

Figure 3.7 Relationship between fibre surface morphological modification and 
resolution of laser irradiation (200X). 

 

The relationship between resolution of laser irradiation and formation of pores is 

presented in Table 3.2. It is obvious that the extent of formation of pores is highly 

dependent on the resolution used in laser treatment. When the resolution is raised 

from 40 to 70 dpi, the number of pores formed increased from 22 to 69 pores within 

1345 µm2. Resolution denotes the intensity of laser spots in an area of one square 

inch (dots per inch, dpi); a higher dpi represents a higher number of dots in one 

square inch. The higher the resolution of laser irradiation is, the higher is the density 

of pores formed on the laser treated samples.  
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Table 3.2 The pore density on laser treated cotton samples (150µs and various 
resolutions). 

 
Resolution (dpi) 

40 50 60 70 

Pores density (no. of pores/µm2) 0.016 0.036 0.042 0.051 

 

Figures 3.8 (a) to (f) show SEM images of laser treated cotton samples after desizing. 

It is obvious that unfixed fragments of sizing materials were removed in desizing 

and pores and cracks were formed on the surface. When pixel time was increased, 

formation of pores increased accordingly. The extent of fibre modification by laser 

increased with increase of pixel time, i.e. more fibres were etched away. As shown 

in Figure 3.8 (f), laser irradiation can penetrate into inner parts of fibres and even a 

whole bundle of fibres can be cut away if pixel time is increased beyond a threshold. 

 

(a) Resolution: 40 dpi; Pixel time: 100 µs (b) Resolution: 40 dpi; Pixel time: 110 µs 
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(c) Resolution: 40 dpi; Pixel time: 120 µs (d) Resolution: 40 dpi; Pixel time: 130 µs 

(e) Resolution: 40 dpi; Pixel time: 140 µs (f) Resolution: 40 dpi; Pixel time: 150 µs 
 

Figure 3.8 Relationship between fibre surface morphological modification and pixel 
time of laser irradiation of desized laser treated grey cotton fabric (1000X). 

 

Figures 3.9 (a) to (d) present SEM images of laser treated cotton samples after 

desizing, with various resolutions, at 200X. Fragmented fibres and impurities were 

removed during desizing, resulting in free ends of short fibres formed due to laser 

irradiation becoming more obvious than the samples shown in Figure 3.7. In 

addition, as sizing materials were removed by the desizing process, fibres are not 

held firmly together, resulting in free ends of fibres being visible. When the 
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resolution was increased from 40 dpi to 70 dpi, the quantity of free ends of fibres 

increased. Since the higher resolution represents more dots per inch in irradiation, 

the laser’s engraving power is higher and the quantity of “cut away” fibres 

increased.  

 

 
(a) Resolution: 40 dpi; Pixel time: 150 µs 

 
(b) Resolution: 50 dpi; Pixel time: 150 µs 

 
(c) Resolution: 60 dpi; Pixel time: 150 µs 

 
(d) Resolution: 70 dpi; Pixel time: 150 µs 

Figure 3.9 Fibre surface morphological modification of grey cotton fabric after laser 
irradiation at different resolutions and after desizing (200X). 

 

Figures 3.10 (a) to (f) are SEM images (1000X) of cotton samples scoured after 

laser treatment and desizing. The sponge-like structure is still very clear, even after 
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the two wet processes. Also the laser induced pores on the fibre became larger at 150 

µs pixel time. Thus, it is obvious that the laser engraving effect can be controlled by 

adjusting the pixel time. The impact of laser irradiation is permanent in that the 

induced morphological modification remains even after desizing and scouring. 

Moreover, though more laser induced fragments were removed in the scouring 

process (compared with Figure 3.8), there were still some fragments and residuals 

that were not removed in scouring process. 

 

(a) Resolution: 40 dpi; Pixel time: 100 µs (b) Resolution: 40 dpi; Pixel time: 110 µs 

(c) Resolution: 40 dpi; Pixel time: 120 µs (d) Resolution: 40 dpi; Pixel time: 130 µs 
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(e) Resolution: 40 dpi; Pixel time: 140 µs (f) Resolution: 40 dpi; Pixel time: 150 µs 
 

Figure 3.10 Fibre surface morphological modification of grey cotton fabric after 
laser irradiation with different pixel times and after desizing and scouring (1000X). 

 

Figures 3.11 (a) to (f) show SEM images (1000X) of laser treated cotton samples 

after desizing, scouring and bleaching. Compared with SEM images of laser treated 

cotton fabric in Figures 3.8 and 3.10, the sponge-like structure became clearer as 

more fragments, unfixed short fibres and melted parts of fibres were removed in the 

bleaching process. Moreover, the formation of pores on the cutting area indicates 

that the fibres were etched by the laser beam. In addition, cracks and weakened parts 

were removed during the three wet processes, i.e. desizing, scouring and bleaching. 

As the laser induced fragments were removed, inner layers of fibres with smooth 

surfaces, which were not irradiated by laser, were exposed. 
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(a) Resolution: 40 dpi; Pixel time: 100 µs (b) Resolution: 40 dpi; Pixel time: 110 µs 

(c) Resolution: 40 dpi; Pixel time: 120 µs (d) Resolution: 40 dpi; Pixel time: 130 µs 

(e) Resolution: 40 dpi; Pixel time: 140 µs (f) Resolution: 40 dpi; Pixel time: 150 µs 
 

Figure 3.11 Fibre surface morphological modification of grey cotton fabric after 
laser irradiation with different pixel times, and after desizing, scouring and 

bleaching (1000X). 
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3.3.2 FTIR Analysis 

Figure 3.12 shows the FTIR absorbance spectra of laser treated cotton samples with 

40 dpi and varied pixel time. It is found that peaks of the intensity of absorption 

were much lower than the untreated sample, especially the peaks at 1750 – 1000 

cm-1. Since the FTIR can measure only the characteristic chemical bonding of the 

outer surface of the materials, residuals of laser induced fibre fragments and 

impurities covered the outermost layer of the samples; thus, structures of some of 

the surface chemicals could not be measured clearly. Moreover, there were two 

broad peaks at 3550 - 3100 cm-1 which were corresponding to OH stretching from 

the control cotton sample in Figure 3.12 [16, 41, 62, 84]. However, the OH 

stretching peaks were reduced after laser irradiation and they finally disappeared 

when the pixel time was increased from 100 to 150µs [20, 40, 48, 61]. In other 

words, the laser effect on cotton increased when the pixel time of laser beam was 

increased.  
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Figure 3.12 FTIR absorbance spectra of cotton fabrics treated with laser at 40 dpi 
and 100 – 150 µs. 

 

Apart from the disappearance of OH stretching groups in the FTIR spectra, there is a 

peak that shifted to 1610-1580 cm-1 after laser treatment (Figure 3.13). The 

formation of this peak represents the carbonyl / carboxyl groups, which were the 

products of hydrolysis or oxidation of cellulosic hydroxyl groups or aldehyde groups 

to carboxyl / carbonyl group caused by breaking of the glucosidic linkages [72]. 

This phenomenon is explained by the fact that CO2 laser is a kind of infrared laser 

which emits thermal energy to irradiated materials; the thermal treatment induced by 
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the laser can cause oxidation of cellulose hydroxyls or hydrolysis of cellulose 

glucosidic bonds [43]. As a result, the peak representing the OH stretching group in 

Figures 3.12 and 2.13 disappeared and a peak at 1610-1580 cm-1 was formed clearly 

(Figure 3.13). Moreover, the laser effect became more severe with increase of 

resolution. When laser resolution increased to 70 dpi, nearly all chemical structure 

groups could not be indicated clearly. For example, the broad peaks from 1500cm-1 

to 600cm-1 were greatly reduced. Thus, the laser effect on cotton can be controlled 

by adjusting resolution and pixel time of the laser beam. 
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Figure 3.13 FTIR absorbance spectra of laser treated cotton fabrics at 40-70 dpi and 

100 µs. 

 

Figure 3.14 presents FTIR spectra of laser treated samples after desizing. The peak 

was found at 3550 - 3100 cm-1, and the OH stretching was reabsorbed by materials 

used in desizing [40, 61, 96]. Furthermore, the reduced absorbance intensity of laser 

treated samples was increased and became more obvious than in Figures 3.12 and 

3.13, especially the peaks from 1000 cm-1 to 1750 cm-1. This was due to residuals of 

laser induced fibre fragments and impurities on the outer surface having been 

removed and rinsed out, resulting in the peaks getting more clearly located after the 
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wet treatment of desizing. 
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Figure 3.14 FTIR absorbance spectra of desized laser treated cotton fabrics at 40 dpi 

and 100 – 150 µs. 

 

FTIR absorbance spectra of laser treated (at different resolutions and pixel times) 

cotton samples after desizing and scouring are shown in Figure 3.15. FTIR spectra 

of scoured laser treated cotton samples were similar to desized laser treated cotton 

samples but the peak located at about 1650-1630 cm-1 of laser treated cotton samples 

became clearer after desizing and scouring. As shown in Figure 3.16, the peak 
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located at 1675-1600 cm-1 of untreated sample is less obvious, but this peak 

appeared more sharply for all laser treated cotton samples. The peak located at 

1650-1630 cm-1 represented the carbonyl group. Because of laser induced oxidation 

on laser treated cotton, hydroxyl groups were oxidized to carbonyl/ carboxyl groups 

[17, 43, 72, 73, 128]. As a result, the peak at 1675-1600 cm-1 with higher intensity 

appeared on laser treated samples after removing the impurities and fragments in 

scouring process.  
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Figure 3.15 FTIR absorbance spectra of scoured laser treated cotton fabrics at 40 dpi 

and 100 – 150 µs. 
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Figure 3.16 shows FTIR absorbance spectra of laser treated samples after three wet 

processes, namely, desizing, scouring and bleaching. Generally speaking, there was 

no significant difference in chemical structure of laser treated samples after desizing, 

scouring and bleaching. However, the peak at 1644cm-1 of the untreated sample was 

reduced and a few peaks were found at 1700-1508cm-1 in laser treated samples. This 

is explained by the ring opening and the consequent oxidation of OH groups to C=O 

and COO- , indicated at 1644cm-1. The peaks at 1700-1508cm-1 indicate the 

appearance of C=O and COO- chemical groups on cotton samples [35, 115]. As a 

result, the peak at 1644cm-1 of the untreated sample was sharp but the peak was 

shifted to a few other peaks at 1700-1508cm-1 of laser treated samples. 

 

According to the above FTIR absorbance spectra, the laser induced oxidation on 

cotton resulting in conversion of hydroxyl groups to carbonyl/ carboxyl groups is 

permanent. Although laser treated samples were desized, scoured and bleached, the 

FTIR spectra still indicate the laser induced oxidation on cotton fabric. 
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Figure 3.16 FTIR absorbance spectra of bleached laser treated cotton fabrics at 40 
dpi and 100 – 150 µs. 

 

3.3.3 Fabric Weight Loss 

According to Figure 3.17, cotton fabrics suffered weight loss after laser treatment. It 

is believed that laser irradiation induces a series of interrelated physical and 

chemical changes and results in loss of weight. When resolution and pixel time are 

increased, weight loss increases. For example, weight loss of the sample treated at 

40 dpi changed from 1.20% to 5.04% when pixel time was increased from 100 µs to 

150 µs. Fabric samples treated at 70 dpi suffered more prominent weight loss than 
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samples treated at 40 dpi; weight loss increased from 1.20% at 40 dpi 100 µs to 

13.22% at 70 dpi 100 µs. The weight loss caused by laser treatment could be due to 

evolution of thermal degradation of cotton [109]. Since CO2 laser is a kind of 

infrared laser which emits thermal energy to irradiated materials, oxidation of 

cellulose hydroxyls or hydrolysis of cellulose glucosidic bonds is induced [43]. 

Furthermore, carbon monoxide and carbon dioxide are generated at high 

temperature caused by laser irradiation. 
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Figure 3.17 Percent weight loss of cotton fabrics laser treated under different 

treatment conditions. 

 

3.3.4 Wettability 

Contact angle values decreased when pixel time and resolution of laser treatment 
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increased (Figure 3.18). Contact angle for grey cotton sample was 130°, but after 

laser irradiation (40 dpi and 100 µs pixel time) it dropped to 98°. Contact angle 

decreased from 98° to 52° when resolution was increased from 40 dpi to 70 dpi 

(pixel time maintained at 100 µs for both resolutions). Increase of pixel time from 

100 to 150 µs at 40 dpi resulted in contact angle declining from 98° to 80°. At 60 

and 70 dpi, the change in contact angle became smaller; the curve was nearly 

flattened when pixel time increased to 120-150 µs. 
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Figure 3.18 Contact angle of laser treated grey cotton fabrics for various resolutions 

and pixel times. 

 

Since the tested sample was grey cotton fabric which had not undergone any wet 

process, it had impurities such as waxes, proteins, pectic substances and mineral 
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matters, resulting in low water absorption and high contact angle value [63]. 

However, laser irradiation is abrasive in nature; it etches away the outer layer of 

cotton fibre, including sizing materials adhered on the fibre. As a result, laser treated 

cotton fabric had higher water absorption. 

 

Based on the Wenzel’s equation [118], surface roughness should be taken into 

account as a parameter of contact angle. Surface roughness greatly increases the 

inherent hydrophobic or hydrophilic nature of a surface [135]. As shown in SEM 

images, laser treatment created the sponge-like surface structure with many pores on 

cotton fibres, causing surface roughness to increase. Moreover, cotton is hydrophilic 

and the water drop follows the topography, hence causing reduction of contact angle 

[8]. In addition, the spreading of liquid on the rough laser treated surface was much 

faster than on flat surface [81, 106]. 

 

 

Liquid 

Solid 

Figure 3.19 The effect of surface roughness on wetting. 
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According to Table 3.2, when resolution increased from 40 to 70 dpi, pore density 

increased. Therefore, the increased number of pores acted as a reservoir providing 

more space for retaining liquid, leading to fast spreading [79]. Furthermore, the 

porosity of fibre surface could produce sufficient capillary action for liquid 

transportation and retention [45]. Contact angle of desized, scoured and bleached 

laser treated cotton samples could not be evaluated since the water droplet was 

absorbed quickly (within 3 seconds). When laser treated cotton samples were 

desized, scoured and bleached, impurities and sizing materials were removed and 

water absorption of cotton was highly improved.  

 

3.3.5 Wetting Test 

Since contact angle of laser treated and desized, scoured and bleached fabric could 

not be measured, wetting test was conducted to examine its modification of wetting 

properties. Table 3.3 shows wetting diameters of the fabric treated with laser with 

different parameters. Wetting diameter increased from 2 mm to 5 mm when 

resolution and pixel time were increased to 70 dpi and 150 µs. As SEM images 

(Figures 3.6 and 3.7) show, surface structure of the fibre surface had increased 

porosity and roughness [135]. Therefore, penetration of liquids was increased, 

leading to a larger wetting diameter. In addition, pores’ sizes and density also 
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increased with increase of resolution and pixel time (Tables 3.1 and 3.2).  

 

Table 3.3 Wetting diameter (mm) of laser treated cotton fabrics treated under 
different laser conditions. 

 Pixel time (µs) 
Resolution (dpi) Control A 100 110 120 130 140 150 

40 

2 

3 3 3 3 3 3 
50 3.5 3.5 3.5 3.5 3.5 3.5 
60 4 4 4 4 4 4 
70 5 5 5 5 5 5 

Control A is the grey cotton fabric without any treatment. 

 

Tables 3.4 to 3.6 show wetting diameters of cotton fabrics that were laser treated 

under different parameter settings (resolution and pixel time) after desizing, 

desizing+scouring and desizing+scouring+bleaching respectively. The penetration of 

liquids such as dyes, chemicals can be facilitated after desizing, since sizing 

materials and impurities are less absorbent to water [63]. Wetting diameter of 

samples laser treated at 40 dpi and 100 µs increased from 3 mm to 7 mm after 

desizing. After scouring, wetting diameter increased further to 11.5 mm because the 

hydrophobic non-cellulosic surface materials were removed in scouring. However, 

wetting diameters reported in Tables 3.5 and 3.6 are similar because most 

hydrophobic impurities were removed after scouring; the bleaching process removes 

only colouring matters [46]. 
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Table 3.4 Wetting diameters (mm) of laser treated cotton fabrics (different laser 
conditions) after desizing. 

 Pixel time (µs) 
Resolution (dpi) Control B 100 110 120 130 140 150 

40 

5 

7 7 7 7 7 7 
50 8 8 8 8 8 8 
60 9.5 9.5 9.5 9.5 9.5 9.5 
70 9.5 9.5 9.5 9.5 9.5 9.5 

Control B is the grey cotton fabric was treated with conventional desizing. 

 

Table 3.5 Wetting diameter (mm) of laser treated cotton fabrics (different laser 
conditions) after desizing and scouring. 

 Pixel time (µs) 
Resolution (dpi) Control C 100 110 120 130 140 150 

40 

10 

11.5 11.5 11.5 11.5 11.5 11.5 
50 12 12 12 12 12 12 
60 12.5 12.5 12.5 12.5 12.5 12.5 
70 12.5 12.5 12.5 12.5 12.5 12.5 

Control C is the grey cotton fabric was treated with conventional desizing and 
scouring. 

 

Table 3.6 Wetting diameter (mm) of laser treated cotton fabrics (different laser 
conditions) after desizing, scouring and bleaching. 

 Pixel time (µs) 
Resolution (dpi) Control D 100 110 120 130 140 150 

40 

10 

11.5 11.5 11.5 11.5 11.5 11.5 
50 12 12 12 12 12 12 
60 12.5 12.5 12.5 12.5 12.5 12.5 
70 12.5 12.5 12.5 12.5 12.5 12.5 

Control D is the grey cotton fabric was treated with conventional desizing, scouring 
and bleaching. 
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Improvement of wetting performance caused by laser treatment was prominent even 

after the three wet processes, i.e. desizing, scouring and bleaching. Wetting diameter 

increased significantly when resolution and pixel time increased. For example, the 

diameter changed from 7 mm to 9.5 mm in Table 3.4, and from 11.5 mm to 12.5 mm 

in Tables 3.5 and 3.6.  

 

3.3.6 Fabric Strength 

Figure 3.20 shows laser power density for different resolutions and pixel times. It 

reveals that when resolution and pixel time increase, power density becomes higher. 

As a result, laser irradiation induces more severe effects on the fibre at high 

resolution and pixel time.  
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Figure 3.20 Power density of CO2 Laser for different pixel times and resolution 

 

Breaking load of the fabric after laser treatment and the subsequently desizing, 

scouring and bleaching are depicted in Figures 3.21 to 3.24. It is obvious that tensile 

strength of laser treated cotton fabric decreases further after desizing, scouring and 

bleaching. Besides, when the pixel time is increased, tensile strength declines and 

when resolution is increased, then a higher reduction in tensile strength is observed. 

The reduction is due to the fact that the number of pores and cracks on fibre surface 

increase with increase in resolution and pixel time (Figure 3.2), creating weak points 

and even reduced the breaking strength [56]. 

 

Figures 3.21 to 3.24 show that tensile strength declined the most at 70 dpi because 
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the abrasive power of laser irradiation causes the bundle of fibres to be engraved 

severely, reducing the breaking strength of the fabric. Thus, reduction in breaking 

strength of the fabric can be controlled by controlling laser irradiation parameters. 

Lastly, reduction of breaking load at 60 and 70 dpi was too high, implying that 

treated fabrics have inadequate strength for clothing. 
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Figure 3.21 Breaking strength of grey cotton fabric treated with laser. 
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Figure 3.22 Breaking strength of laser treated fabric after desizing. 

 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

0 100 110 120 130 140 150

Pixel Time (µs)

B
re

ak
in

g 
S
tr

en
gt

h 
(N

)

40 dpi

50 dpi

60 dpi

70 dpi

 

Figure 3.23 Breaking strength of laser treated fabric after desizing and scouring 
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Figure 3.24 Breaking strength of laser treated fabric after desizing, scouring, and 
bleaching. 

 

3.3.7 Effects between pretreatments and pixel time and resolution of laser 

Figures 3.25 show SEM images of grey fabric (a) without any treatment, (b) with 

laser treatment, (c) without laser treatment but with desizing, (d) without laser 

treatment but with desizing and scouring, and (e) without laser treatment but with 

desizing, scouring and bleaching. As shown in Figure 3.24 (a), the untreated cotton 

fibre has a relatively smooth surface. Fibre surface in Figures 3.24 (c) to (d) are less 

smooth; grooves and wrinkles are observed. After treating with laser, the surface 

was modified and a porous surface structure was obtained. 
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Figure 3.25 (a) Untreated control fabric 

  
Figure 3.25 (b) Laser treated cotton fabric (40 dpi and 100 µs) 
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Figure 3.25 (c) Fabric not laser treated but desized 

 
Figure 3.25 (d) Fabric not laser treated but desized and scoured 
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Figure 3.25 (e) Fabric not laser treated but desized, scoured, and bleached 

 
Figure 3.25 Surface modification of cotton fabric not laser treated but desized, 

scoured and bleached. 

 

Table 3.7 shows reduction in fabric weight after wet pretreatment processes and 

laser treatment. Weight loss occurred in laser treated samples which confirms that an 

etching effect on the cotton fabric was caused by laser irradiation. Also different 

degrees of etching effect by laser can be obtained by changing pixel time and 

resolution settings. On the other hand, the control fabric, after desizing, scouring and 

bleaching, too suffered weight loss. Primary reason for weight reduction on desizing, 

scouring and bleaching is removal of impurities and coloured matters.  
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Table 3.7 Weight Loss of laser treated cotton fabric (different laser settings) and of 
control samples with various wet pretreatment processes. 

 
Laser treated samples Control

sample 
desized

Control 
sample 
desized 

and 
scoured 

Control 
sample 
desized, 

scoured and 
bleached Pixel Time (µs) 

Resolution (dpi) 100 110 120 130 140 150 

1.47 1.74 2.54 
40 1.20 2.54 2.80 3.60 4.67 4.94 
50 5.21 5.61 6.14 6.81 8.28 9.48 
60 9.61 10.01 10.81 11.21 12.68 12.82 
70 13.22 14.02 14.42 15.49 17.09 19.23 

 

Table 3.8 shows that contact angle values were highly improved by laser treatment. 

For samples that without laser treatment but were desized, scoured and bleached, 

wettability was more significantly improved; water drop was absorbed within 3 

seconds; contact angle value of fabric samples with desizing, scouring and bleaching 

could not be measured and, therefore, wetting test was conducted. Diameter of the 

wetted spot was measured (Table 3.9). Liquid dispersion on cotton fabric was 

improved by laser treatment. Wetting diameter of control samples was highly 

increased after desizing, scouring and bleaching. As shown in Figure 3.25 (b), the 

laser induced sponge-like surface structure caused increase in roughness, resulting in 

contact angle values decreasing. Besides, the main reason should be that sizing 

materials and hydrophobic impurities were removed by the wet processes. 
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Table 3.8 Contact angles of laser treated cotton fabric (different laser conditions) and 
control samples after desizing, scouring and bleaching.  

  
Control 

Laser Treated 

Control 
sample 
desized 

Control 
sample 
desized 

and 
scoured 

Control 
sample 
desized, 
scoured 

and 
bleached

Pixel Time (µs) 

Resolution 
(dpi) 

100 110 120 130 140 150 

40 

130 

98 90 80 80 80 80
< 3 

seconds 
< 3 

seconds 
< 3 

seconds 
50 78 64 64 63 62 60
60 58 54 54 52 52 54
70 52 50 49 49 50 50

 

Table 3.9 Diameter of absorbed liquid on laser treated cotton fabric (different laser 
conditions) and control samples after various wet processes. 

 
Control 

Laser Treated 

Control
sample 
desized

Control 
sample 
desized 

and 
scoured 

Control 
sample 
desized, 
scoured 

and 
bleached 

Pixel Time (µs) 

Resolution (dpi) 100 110 120 130 140 150 

40 

2 

3 3 3 3 3 3 

5  10  10  
50 3.5 3.5 3.5 3.5 3.5 3.5
60 4 4 4 4 4 4 
70 5 5 5 5 5 5 

 

According to Tables 3.8 and 3.9, laser treatment can improve contact angle and 

wetting diameter only to a certain extent while wet processes (desizing, scouring and 

bleaching) offer more significant improvement in contact angle and absorbency. 

Since laser treatment is a physical process which can modify only the irradiated area, 
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inner layers of fibres were not modified. Although laser irradiation can engrave parts 

of surface fibres inner parts of fibres still contain size materials and impurities which 

result in low improvement in contact angle and wetting diameter. On the other hand, 

chemical agents used in wet processes penetrate into the fabric and remove 

impurities more comprehensively. Hence, laser treatment can modify only the 

irradiated area.  

 

Moreover, laser irradiation causes oxidation on cotton fabric by eliminating the 

hydroxyl groups which leads to reduction in water absorption [49]. However, laser 

irradiation also induces sponge-like structures on cotton fabric which increase the 

capillary force physically. Results of contact angle and wetting diameter of control 

samples after desizing, scouring and bleaching were highly improved because sizing 

materials and impurities were removed. As a result, the interaction between physical 

modification and chemical oxidation by laser could not cause significant 

improvement in contact angle values and wetting diameters. 

 

3.4 CONCLUSION 

In conclusion, exposure of cotton fabric to CO2 laser irradiation results in change of 

surface morphology, and physical and chemical properties. According to SEM 
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investigation, pores, cracks and fragments appeared on the fibre surface after 

irradiation at different resolutions and pixel times, and CO2 being a kind of infrared 

laser, it causes thermal degradation of the fabric. The level of laser effect on cotton 

fabric was enhanced gradually with increase of resolution and pixel time. Thus, the 

laser effect can be controlled for obtaining desired results by adjusting the two 

parameters, resolution and pixel time.  

 

Chemical modification was studied by using FTIR ATR spectroscopy. FTIR spectra 

show that laser treated cotton fabric without any wet processing suffered a change in 

chemical structure; OH stretching was oxidized to carbonyl/ carboxyl groups after 

laser irradiation which is limited to the irradiated areas. By changing resolution and 

pixel time, etching effect of the laser can be controlled and thus the reduction in 

weight can also be controlled.  

 

On the other hand, wettability of laser treated cotton fabrics was highly improved. 

Due to the ability of morphological modification and engraving effect, some of the 

impurities and sizing materials on grey cotton fabrics were etched, resulting in a 

sponge-like structure, thereby increasing water absorption. The wetting property was 

further improved on increasing resolution and pixel time.  
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However, laser irradiation with excessively high resolution or pixel time can cause 

severe effects on the fibre, according to tensile strength results. When laser 

resolution and pixel time were increased, breaking strength of samples was 

correspondingly decreased. Control samples treated with desizing, scouring and 

bleaching experienced more significant improvement in contact angle values and 

wetting diameters than samples treated with laser.  
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CHAPTER 4 

EFFECT OF LASER MODIFICATION ON PHYSICAL AND 

CHEMICAL PROPERTIES OF COTTON FABRIC 

 

4.1 INTRODUCTION 

Bleaching is the removal or lightening of coloured materials in cotton fabric, thus 

facilitating uniformity in the subsequent dyeing and finishing results [112]. 

According to the experiments and the results shown in Chapter 3, laser modification 

of cotton fibre surface causes variations in different properties. This chapter presents 

a comprehensive and systematic investigation of changes in physical and chemical 

properties of fibre caused by laser modification and their effect on bleached cotton 

fabrics.  

 

In order to obtain a better understanding of effects of laser irradiation on cotton 

fabric, evaluations of different properties of laser treated cotton are carried out, 

including surface properties, physical properties, wetting properties and the low 

stress mechanical behaviors. Surface morphology and chemical structure are 

evaluated by scanning electron microscope (SEM), X-ray photoelectron 
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spectroscopy (XPS) and Fourier Transform Infrared (FTIR) analysis. As discussed in 

Chapter 3, the engraving power of the laser increases when parameters of resolution 

and pixel time are increased. In order to indicate the degree of engraving effect of 

laser on the treated fabrics, the fabric weight loss and yellowness index should be 

measured [47, 74, 77, 124]. Breaking and tearing strength measurements are also 

conducted for evaluating performance of the textile materials. Besides, wetting 

properties influence the comfort of the materials [21]. Wicking properties of treated 

fabric were also determined. Appearance and handle characteristics such as 

roughness, stiffness and drape are important to textiles fabrics. An objective 

measurement of handle is one of the ways of assessing these properties [100] which 

can be achieved using Kawabata Evaluation System for Fabric (KES-F). 

 

4.2 EXPERIMENTAL DETAILS 

4.2.1 Sample Preparation 

Pieces of 100% plain weave bleached cotton fabric (density: 60 ends/inch & 60 

picks/inch; yarn count: 20x20 tex; weight: 128.8g/m2) were taken as samples. The 

fabric was first washed with acetone of 10% concentration and was then dried and 

conditioned at 21 ± 1 ℃ and 65 ± 5% relative humidity for 24 hours before 

experiments and evaluations. 
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4.2.2 Laser Irradiation 

Laser irradiation was performed using a commercial pulsed CO2 laser (GFK 

Marcatex FLEXI-150) under atmospheric condition. The samples were irradiated 

from the laser beam directly. Pulse energy of the laser beam was in the range of 5mJ 

to 230mJ and wavelength was 10.6μm. Parameters of resolution (40, 50 and 60 dpi) 

and pixel time (100, 110 and 120µs) were varied to study the effects of different 

conditions. These two parameters are studied more specifically in this chapter; 

however, resolution of 70 dpi is not included as it could cause too severe results. 

 

4.2.3 Scanning Electron Microscopy (SEM) 

Surface morphology of cotton specimens was investigated by the JEOL JSM-6490 

Scanning Electron Microscope (SEM) with magnification up to 3000X. 

 

4.2.4 FTIR ATR Spectroscopy Analysis 

FTIR absorbance spectra of samples were measured by Spectrum 100 FT-IR 

Spectrometer (Perkin Elmer).  

 

4.2.5 X-ray Photoelectron Spectroscopy Analysis 

X-ray photoelectron spectroscopy (XPS) was used to evaluate composition and 
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chemical structure of laser treated cotton fabric. The XPS measurement was carried 

by using SKL-12 spectrometer. 

 

4.2.6 Fabric Weight Loss 

Fabric weight loss was evaluated based on weight of conditioned fabric; at 21 ± 1 

℃ and 65 ± 5% relative humidity for 24 hours before and after laser treatment. 

After laser treatment, the fabric was weighed and percent change of weight was 

calculated as per the following Equation (1): 

 

where W0 is the initial weight and W is the weight after treatment. Positive change 

indicates a gain in weight and negative change implies weight loss.  

 

4.2.7 Yellowness Index 

The change in yellowness index of cotton fabrics caused by laser treatment was 

measured according to the ASTM E313 standard. Reflectance of untreated and laser 

treated fabrics was measured using Spectrophotometer (GretagMacbeth Colour-Eye 

7000A) to estimate the yellowness index of the fabrics under a light source of 

illuminant D65 and with a 10° observer. 
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4.2.8 Breaking Strength 

Strength of laser treated cotton fabric was measured by a tensile testing machine 

(Instron 4411) in accordance with standard ASTM D 5034-08. The samples were 

conditioned at 21 ± 1 ℃ and 65 ± 5% relative humidity for 24 hours before testing. 

 

4.2.9 Tearing Strength 

ASTM D1424-07 test method was used to evaluate tear strength of laser treated 

cotton fabric samples; it was measured by Elmatear Digital Tear Tester (James H. 

Heal Co. Ltd.). The samples were conditioned at 21 ± 1 ℃ and 65 ± 5% relative 

humidity for 24 hours before testing. 

 

4.2.10 Upward Wicking Test 

A strip of fabric (2 X 15 cm) was marked at 2 cm intervals with a water-soluble pen 

to indicate the distance traveled by the liquid, on the fabric. Then the fabric strip was 

suspended vertically with its lower edge inside a reservoir of distilled water (Figure 

4.1). Time taken for the liquid to move up (every two cms) the hanging fabric was 

recorded. The experiment begins when the water level reaches the first 2 cm. Each 

test was run for a maximum distance of 12 cm. 
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Figure 4.1 Experimental setting for upward wicking test [100] 

 

4.2.11 Kawabata Evaluation System for Fabric (KES-F) 

The Kawabata Evaluation System was used to measure mechanical properties 

(tensile, shearing, bending, compression and surface) of laser treated fabric. The size 

of the specimen was 20 X 20 cm (which could pass through the measuring system), 

and the samples were conditioned at 21 ± 1 ℃ and 65 ± 5% relative humidity for 

24 hours before testing. The results obtained for these measurements are described 

in Table 4.1. 
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Table 4.1 Tensile, shearing, bending, compression and surface properties as 
measured by KES-F [54] 

Properties Symbol Definition Unit 

Tensile energy WT Energy in extending fabric to 500 cN/cm width cN.cm/cm2 

Tensile resilience RT Percent energy recovery from tensile deformation % 

Extensibility EMT Percent extension at the maximum applied load of 500 

cN/cm specimen width 

% 

Shear rigidity G Average Slope of linear regions of the shear hysteresis 

curve to ±2.5° shear angle 

cN/cm. 

degree 

Shear stress at 0.5° 2HG Average width of the shear hysteresis loop at ±0.5° 

shear angle 

cN/cm. 

Shear stress at 5° 2HG5 Average width of the shear hysteresis loop at ±5° shear 

angle 

cN/cm. 

Bending rigidity B Average slope of linear regions of the bending 

hysteresis curve to 1.5 cm-1 

cN.cm2/cm 

Bending moment 2HB Average width of the bending hysteresis loop at 0.5 

cm-1 curvature 

cN.cm/cm 

Fabric thickness at 0.5 

cN/cm2 pressure 

To Fabric thickness at 0.5 cN/cm2 pressure mm 

Fabric thickness at 50 

cN/cm2 pressure 

Tm Fabric thickness at 50 cN/cm2 pressure mm 

Compressional energy WC Energy for compressing fabric under 50 cN/cm2 cN.cm/cm2 

Compressional resilience RC Percent energy recovery from lateral compression 

deformation 

% 

Compressibility EMC Percent reduction in fabric thickness resulting from an 

increase in lateral pressure from 0.5 cN/cm2 to 50 

cN/cm2 

% 

Coefficient of friction MIU Coefficient of friction between fabric surface and 

standard contactor 

- 

Geometrical roughness SMD Variation in surface geometry of the fabric micron 
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4.3 RESULTS AND DISCUSSIONS 

4.3.1 Surface Morphology 

Figure 4.2 shows SEM images (3000X) of untreated (by laser) bleached cotton 

fabric. It shows that untreated cotton fibres have smooth surface, but fibres with 

some convolutions, wrinkles and grooves are observed clearly. Before treating with 

laser, cotton fibre can be described as having smooth and even surface. 

 

 
Figure 4.2 Untreated cotton 

 

Figure 4.3 shows SEM images (1000X and 3000X) of bleached cotton treated with 

laser at different resolutions and pixel times. Similar to results described in Section 

3.3.1 of Chapter 3, a sponge-like structure was formed after the bleached cotton 

fabric was treated with CO2 laser. It can be seen that pores of various sizes were 
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formed and roughness of fibre surface was highly increased. When the resolution 

was increased to 50 and 60 dpi, some continuous and deeper cracks and fragments 

were formed along with the pores. Also the cracks were widened in proportion to the 

increase in pixel time. In addition, since the laser irradiated on only one side of the 

cotton fabric directly, some inner or deeper layers of fibres were not irradiated and 

continued to have surfaces as smooth as the untreated sample. Since CO2 laser is a 

kind of infrared laser, it causes thermal degradation of cotton. Therefore, laser 

parameters setting, i.e. resolution and pixel time, should be carefully controlled so as 

to produce a desirable laser effect on the material. 
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Figure 4.3 (a) Resolution: 40 dpi; Pixel time: 100 µs 
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Figure 4.3 (b) Resolution: 40 dpi; Pixel time: 110 µs 
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Figure 4.3 (c) Resolution: 40 dpi; Pixel time: 120 µs 
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Figure 4.3 (d) Resolution: 50 dpi; Pixel time: 100 µs 
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Figure 4.3 (e) Resolution: 50 dpi; Pixel time: 110 µs 
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Figure 4.3 (f) Resolution: 50 dpi; Pixel time: 120 µs 
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Figure 4.3 (g) Resolution:60 dpi; Pixel time: 100 µs 
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Figure 4.3 (h) Resolution: 60 dpi; Pixel time: 110 µs 
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(i) Resolution: 60 dpi; Pixel time: 120 µs 
Figure 4.3 Morphological study of laser treated cotton (1000X and 3000X). 

 

On the other hand, it can be observed from Figure 4.3 above that the pores were 

denser at higher resolution and pixel time. As Table 4.2 shows, when pixel time 
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increased from 100 to 120 µs, size of pores increased from 1.68 to 2.82 µm. The 

pores’ density significantly increased upon raising the resolution. When resolution 

changed from 40 to 60 dpi, pore density increased from 0.013 to 0.022. On 

increasing the resolution, a greater number of dots are irradiated in a particular area.  

Thus, size of pores, number of pores and pore density can be varied by adjusting 

resolution and pixel time and different levels of roughness of cotton surface can be 

chieved.  

Table 4.2 Pore sizes and pore density on laser trea s pixel 
times and resolutions. 

Pixel Time  4

a

 

ted cotton samples at variou

 
 (µs) (at 0 dpi) 

100 110 120 
Pore size (µm) 1.68  2.04  2.82  

Resolution (dpi) (at 120 µs) 
 

40 50 60 
Pore density (no. of pores/µm2) 0.013 0.019 0.022 

 

4.3.2 FTIR Analysis 

Figures 4.4 to 4.6 show the FTIR absorbance spectra of laser treated cotton fabric 

for different resolutions and pixel times. It can be seen that intensity decreased under 

the influence of laser, especially the peak near 3300 cm-1 which corresponds to OH 

stretching. When pixel time was increased to 120 µs, the OH group broad peak 

suffered a greater decrease. As shown in Section 3.3.4 of Chapter 3, laser power 
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density increased with increase of resolution and pixel time. CO2 laser causes 

thermal degradation to irradiated materials [32] and thus cellulose molecules 

suffered dehydration and the OH groups were oxidized to form carbonyls such that a 

band at about 1590cm-1 and 1750cm-1 was developed with the increase in intensity 

30].  

hydration of cellulosic 

olecules during the process of thermal degradation [130].  

[1

 

Laser treatment is capable of etching away parts of fibres physically as shown in 

results of weight loss in Section 4.3.2. Some of the fibres were broken down into 

small parts (producing some oxidized fragments) and the residuals remained adhered 

on the fibre surface. Thus, the measured samples were covered by laser induced 

fragments and the overall intensity of FTIR absorbance spectra was reduced. In 

addition, the peak at about 984 cm-1 was highly reduced after treating with laser 

because cellulosic hydroxyl groups were oxidized to carbonyl and carboxyl groups 

by breaking of glucosidic linkages [69]. The band at about 984 cm-1 represents 

the –C-O-C- stretching; glucosidic linkages of glucose rings in cellulose was 

reduced because of the oxidation caused by laser irradiation [72]. Furthermore, a 

peak occurred at about 2900cm-1 which represents unsaturated aliphatic structures 

(CH stretching). This structure was probably formed by de

m
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When the pixel time increased, the peaks intensity representing the products of 

oxidation by laser was increased and can be more obviously observed. For example, 

peaks representing products of oxidation in regions of 1800-1500 cm-1 and 

300-2900 cm-1 were more significantly and sharply located, with higher intensity. 
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Figure 4.4 FTIR absorbance spectra of laser treated cotton fabric with resolution of 
40 dpi and 100 -120 µs pixel time. 
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Figure 4.5 FTIR absorbance spectra of laser treated cotton fabric with resolution of 

50 dpi and 100 -120 µs pixel time. 
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Figure 4.6 FTIR absorbance spectra of laser treated cotton fabric with resolution of 
60 dpi and 100 -120 µs pixel time. 

 

Figure 4.7 shows FTIR absorbance spectra of laser treated cotton fabric at various 

resolutions. It is obvious that intensity of bands was reduced when resolution was 

increased and there was reduction of OH stretching. However, oxidation products 

peaks intensities, representing carbonyl, carboxyl and unsaturated aliphatic 

structures, were increased, e.g., in the region of 1500-1800 cm-1 and 2800-3000 cm-1. 

In other words, oxidation induced by laser was accelerated when resolution and 

pixel time increased. 
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Figure 4.7 FTIR absorbance spectra of laser treated cotton fabric with resolutions of 

40, 50 and 60 dpi. 

 

4.3.3 XPS Analysis 

XPS analysis was applied to provide more information concerning changes in 

chemical composition on fabric surface, qualitatively and quantitatively. Table 4.3 

shows relative intensities of C1s, O1s and N1s representing chemicals composition on 

the fibre surface. It was found that laser treatment led to lower C1s but higher O1s 

and N1s intensities. However, when pixel time of the laser was increased, the 

modification became more significant. The reason for this phenomenon could be 
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that due to engraving power of laser irradiation, parts of fibres were etched away 

during laser treatment and thus the carbon content decreased physically [111]. 

Besides, the reason for the increase in oxygen and nitrogen content is probably a 

subsequent reaction of the laser irradiated surface with atmospheric oxygen and 

nitrogen [122]. The slight increase in oxygen content could modify properties of the 

fabric, making it more hydrophilic, and enhance water absorption and even dyeing 

properties of the material. SEM images have clearly shown that laser treatment 

induces a significant surface engraving effect by developing pores and cracks on the 

fibres. This sponge-like surface structure induced by laser was more pronounced at 

higher resolution and pixel time; hence the fabric treated with 60 dpi, 100 µs 

suffered the greatest reduction in carbon content. 
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Table 4.3 Elemental percentage analysis of cotton fabric laser treated at different 
resolutions and pixel times 
Elemental concentration (%) C1s O1s N1s O/C 
Untreated Cotton 59.93 39.69 0.38 0.66 
Laser Treatment with varied resolution and 
pixel time 

    

40 dpi, 100 µs 59.76 39.93 0.31 0.67 
40 dpi, 110 µs 58.69 40.82 0.38 0.70 
40 dpi, 120 µs 57.64 41.98 0.42 0.73 
50 dpi, 100 µs 58.44 41.03 0.53 0.70 
50 dpi, 110 µs 57.57 42.10 0.33 0.73 
50 dpi, 120 µs 57.45 42.08 0.47 0.73 
60 dpi, 100 µs 57.59 41.89 0.52 0.72 
60 dpi, 110 µs 56.98 42.46 0.57 0.75 
60 dpi, 120 µs 56.65 42.93 0.48 0.76 

 

4.3.4 Fabric Weight Loss 

When cellulose is heated, it undergoes a series of interrelated physical and chemical 

changes, such as loss of weight. As shown in Figure 4.8, there is a significant weight 

loss for all samples after treatment with laser. It is obvious that the weight loss 

increased with increase of resolution and pixel time. For example, samples treated at 

60 dpi suffered more prominent weight loss than samples treated at 40 dpi. Weight 

loss of samples increased from 7% at 40 dpi 100 µs to 14% at 60 dpi 100 µs. 

Besides, weight loss increased from 7% to 8% when pixel time was increased from 

100 to 120 µs at 40 dpi. Weight loss increase with laser irradiation was due to the 

engraving effect induced by laser under different resolutions and pixel times [111]. 
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Also, weight loss after laser treatment could be due to thermal degradation of cotton 

[109]. As discussed in Section 4.3.2 previously, cotton materials suffer chemical 

reaction at high temperatures that could cause elimination of water, formation of 

carbonyl/ carboxyl groups, and at the same time evolution of carbon monoxide and 

carbon dioxide, and finally production of a charred residue.  
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Figure 4.8 Percent fabric weight loss due to laser treatment. 

 

4.3.5 Yellowness Index 

Yellowness indices of untreated and laser treated cotton fabric with various 

parameters are shown in Table 4.4. Yellowness index can be used to measure the 

change in yellowing tendency of cotton fabrics caused by CO2 laser treatment [78]. 
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Table 4.4 shows that when pixel time was prolonged, the degree of yellowness 

increased and also yellowness grew steadily with resolution. The untreated fabric 

sample had the lowest yellowness index, while the fabric sample treated with laser at 

60 dpi and 120µs had the highest yellowness index value. The main reason for 

yellowness on laser treated fabric samples is that oxidation occurs on the surface of 

the fabric after it is subjected to laser treatment [43, 72]. In accordance with FTIR 

analysis of laser treated samples in Section 4.3.2, the absorbance spectra showed 

there was oxidation caused by laser on cotton surface due to elimination of hydroxyl 

groups and formation of oxidation products, such as carbonyl groups, and finally 

production of charred residues [109]. 

 

Table 4.4 Yellowness indices of untreated and laser treated cotton samples under 
illuminant D65 and 10° observer. 

Treatment Conditions Yellowness Index Change in % 
Untreated Cotton 98.72  - 

40 dpi, 100 µs 98.88  0.17  
40 dpi, 110 µs 98.92  0.21  
40 dpi, 120 µs 98.94  0.22  
50 dpi, 100 µs 98.94  0.22  
50 dpi, 110 µs 98.94  0.22  
50 dpi, 120 µs 98.96  0.24  
60 dpi, 100 µs 98.96  0.25  
60 dpi, 110 µs 98.98  0.26  
60 dpi, 120 µs 98.98  0.26  
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4.3.6 Fabric Strength 

Figure 4.9 shows fabric strength vis-à-vis laser parameters, i.e. resolution and pixel 

time. Reduction in tensile strength increased with increase of resolution and pixel 

time. As mentioned in Section 3.3.6, laser power density increased when resolution 

and pixel time became higher. Fabric’s laser treatment at higher resolution and pixel 

time resulted in a more severe engraving and lower tensile strength. Fabric strength 

was reduced by approximately 68% at resolution (60 dpi) and pixel time (120 µs) 

were the highest. Fabric samples treated at 40 dpi and 100 µs pixel time suffered the 

least reduction in strength. The reduction in strength was due to some of the weak 

points created on the fabric after laser treatment [56]. 

 

Table 4.5 Percent loss of fabric strength at different resolutions and pixel times. 

Resolution 
Pixel Time (µs) 

100 110 120 
40 dpi 13% 22% 29% 
50 dpi 45% 46% 48% 
60 dpi 55% 63% 68% 
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Figure 4.9 Effect of resolution and pixel time on tensile strength in warp direction. 

 

Laser treatment resulted in reduced tearing strength for all samples (Figure 4.10); 

laser treatment at 60 dpi had the most detrimental effect, followed by 50 dpi and 40 

dpi. In respect of pixel time also the higher the pixel time was, the lower was the 

tearing strength. However, effect of resolution was relatively more prominent than 

that of pixel time. 

 

Laser treatment has the ability of altering surface roughness of cotton fibre and 

mobility of yarn at the same time, as shown in SEM images [19, 102]. The friction 

between fibres of the rough surface of laser treated cotton fabric increases, resulting 

in reduced yarn mobility and lower force being required to tear the laser treated 
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cotton samples [60]. Similar to tensile strength, tearing strength was also 

deteriorated more significantly by increase of resolution than pixel time.   
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Figure 4.10 Effect of laser resolution and pixel time on tearing strength in warp 

direction. 

 

4.3.7 Wicking 

There was a dramatic increase in wickability of laser treated fabric when compared 

with the control sample (Figures 4.11 and 4.12). SEM images in Section 4.3.1 

showed that porous surface structure was induced by laser. Therefore, roughness of 

the fabric was increased and that may make the liquid spread along the pores and 

grooves, resulting in better wickability [91]. Wicking occurs when a spontaneous 

flow of a liquid within the capillary spaces is accompanied by a simultaneous 
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diffusion of the liquid into the interior of the fibres (Bore [28]). The porous surface 

structure of laser treated fibres could produce sufficient capillary action to transport 

and retain the liquid [45]. 

 

Cotton fibres in control samples have a smooth and even surface (Figure 4.2). 

Wicking behavior of untreated cotton highly depends on the inherently high water 

absorbance but wicking of laser treated samples improves greatly due to the laser 

induced sponge-like structure [92]; pores increase the capillary action [78]. As a 

result, in laser treated samples wicking time was reduced from 2388 seconds to 1668 

seconds.  
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Figure 4.11 Effect of change of resolution on wicking in laser treated cotton fabrics. 
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Figure 4.12 Effect of change of pixel time on wicking in laser treated cotton fabrics 

 

Increase of resolution and pixel time in laser treatment enlarges pore sizes and pore 

density also becomes higher, as is evident from figures in Table 4.2 (Section 4.3.1). 

Moreover, according to Wong et al. [121], the effective pore size in laser treated 

fabric may increase, which reduces the capillary pressure and thus increases 

wickability. However, changes in pores sizes and pore density do not cause any 

significant improvement in wickability. Wicking time of laser treated samples at 120 

µs has no obvious difference from 100 µs (Figures 4.11 and 4.12); the differences in 

pore density and pore size caused by different resolutions and pixel times were not 

significant enough to cause any alteration in fabric wickability. 
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4.3.8 Fabric Mechanical Properties 

Mechanical properties of laser treated cotton fabric samples measured through 

KES-F are shown in Table 4.6. 

 

Table 4.6 Mechanical properties of laser treated cotton fabrics. 

KES-F Properties 
  

Control 

Laser parameters 

100 µs 110 µs 120 µs 

40 dpi 50 dpi 60 dpi 40 dpi 50 dpi 60 dpi 40 dpi 50 dpi 60 dpi

Tensile WT 10.82  10.40 10.40 10.37 10.35 10.35 10.35 10.33 10.33 10.28 

  RT 39.46  39.60 39.73 39.88 39.72 39.88 39.91 39.85 39.90 40.13 

  EMT 6.20  5.79 5.77 5.65 5.58 5.51 5.47 5.33  5.20  5.08 

Shearing G 1.09  1.81 1.91 2.03 2.12 2.57 2.71 2.97  3.25  3.35 

  2HG 2.98  4.19 4.28 4.53 4.41 5.23 5.41 5.87  6.31  6.69 

  2HG5 5.34  7.06 7.10 7.28 7.44 7.65 7.73 7.76  7.88  7.90 

Bending B 0.06  0.08 0.08 0.08 0.09 0.09 0.10 0.11  0.11  0.12 

  2HB 0.06  0.09 0.09 0.09 0.09 0.09 0.09 0.09  0.09  0.10 

Compression To 0.90  0.96 0.93 0.92 0.84 0.81 0.79 0.78  0.76  0.75 

  Tm 0.51  0.54 0.53 0.53 0.52 0.52 0.51 0.50  0.50  0.50 

  WC 0.31  0.35 0.34 0.33 0.28 0.27 0.26 0.24  0.23  0.25 

  RC 32.65  26.43 27.92 28.87 30.06 30.59 30.65 32.71 33.99 34.37 

  EMC 42.55  43.81 42.75 42.61 38.32 35.68 35.37 36.51 34.47 33.92 

Surface MIU 0.21  0.26 0.31 0.38 0.43 0.46 0.59 0.47  0.47  0.51 

  SMD 5.08  9.62 6.26 5.86 5.89 5.84 5.37 4.82  4.46  4.17 

 

4.3.8.1 Tensile Properties 

Tensile properties can be expressed by tensile energy (WT), tensile resilience (RT) 

and extensibility (EMT) (Table 4.6). Tensile energy is defined as the energy required 

for stretching the fabric to a certain width; this parameter indicates the ability of the 
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fabric to resist external force when being extended. Lower values of WT mean that 

lower energy is required for deformation. Since various sizes of pores and even 

cracks were created by laser, as shown in SEM images, some weak points may also 

have been created [56] and thus the laser treated fabric is slightly weakened by laser, 

compared with untreated fabric. 

 

A higher value of RT implies better recovery of the fabric from tensile deformation. 

In other words, laser treatment could cause a slight improvement in tensile resilience. 

Extensibility is the percent extension after applying a certain load on the fabric. The 

greater the EMT value, the greater the elongation of the fabric is. There is a 

reduction in EMT after laser treatment, and this reduction is further enhanced when 

pixel time and resolution are increased. This may be due to the increase in the 

interaction force between the fibres and the yarns, which may impede movement of 

fibres and yarns was reduced, thereby restraining elongation of the fabric [54].  

 

4.3.8.2 Shearing Properties 

Shearing properties, namely, shear rigidity (G), shear stress of 0.5° (2HG) and 5° 

(2HG5) are summarized in Table 4.6. After treating with laser, there is a remarkable 

increase in the value of G, 2HG and 2HG5. The increase became greater when 
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resolution and pixel time were increased. 

 

Shear rigidity (G) of a fabric depends mainly on mobility of warp/weft threads 

within the fabric [5]. A lower value of G reflects better handle of the fabric [6]. The 

remarkable increase in G after treating with laser suggests that the fabric has become 

more difficult to tailor and would provide less comfort in wearing. In addition, laser 

treated fabric’s recovery ability became worse, as 2HG and 2HG5 values increased 

obviously. It is believed that the interaction of yarns in cotton fabrics was increased 

due to the effect of laser; thus shear rigidity would also increase [58].  

 

4.3.8.3 Bending Properties 

Table 4.6 shows bending properties, including bending rigidity (B) and bending 

movement (2HB) of laser treated fabric. Bending rigidity of the fabric depends upon 

bending rigidity of threads and mobility of warp/weft yarn within the fabric [5]. 

Laser treatment resulted in overall values of B and 2HB increasing slightly. Since 

interaction of yarns in fabric was increased by laser, mobility of yarn decreased and 

higher values of B and 2HB were obtained. In other words, the fabric’s tailorability 

and drape were also lowered.  
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4.3.8.4 Compression Properties 

Table 4.6 shows results of compression properties, including fabric thickness at 0.5 

cN/cm2 pressure (To) and 50 cN/cm2 pressure (Tm), compressional energy (WC), 

compressional resilience (RC) and compressibility (EMC). Thickness values (To and 

Tm), compressional energy (WC) and compressibility (EMC) of fabric treated with 

laser at 40 dpi and 100 µs pixel time was greater than the untreated fabric and other 

laser treated fabrics. The increase in To, Tm and WC values reflect that the fabric 

sample has fuller feeling and greater raising effect. 

 

At lower resolution and pixel time, laser engraving effect and damage was less 

severe (Section 4.3.2). The increase in fullness may be due to the milder laser effect 

at 40 dpi and 100 µs pixel time; a relatively low amount of fibres being etched away 

and the remaining roots of etched fibres standing on the fabric surface, thereby 

resulting in higher thickness and fluffier feeling. However, these values of thickness 

and compressibility decreased with increase in resolution and pixel time. Since laser 

engraving power increased with resolution and pixel time, laser damage became 

more severe and a greater amount of fibres was etched away. As a result, other laser 

treated samples suffered a remarkable reduction in To, Tm, WC and EMC, lower than 

even the untreated fabric. 
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In addition, compressional resilience (RC) was used to indicate recoverability of the 

fabric after compression induced deformation [59]. The higher values of RC reflect 

the better retention ability from deformation. After laser treatment, there was a 

significant increase in compressional resilience and the values were further 

enhanced with higher resolution and pixel time. Due to the greater raising effect in 

fabric treated with lower resolution and pixel time, yarns could not move freely and 

easily. Therefore, values of RC first decreased and then increased gradually when 

pixel time and resolution were increased. 

 

4.3.8.5 Surface Properties 

Results of surface properties were combined into coefficient of friction (MIU) and 

geometrical roughness (SMD) of fabric surface (Table 4.6). MIU indicates 

smoothness, roughness and crispness; the higher value of MIU represents a rougher 

surface. Laser treatment makes fabric surface less smooth and rougher than the 

untreated fabric. 

 

SMD reflects evenness characteristics of surface of the fabric. A higher value of 

SMD indicates lower evenness of the fabric surface. SMD values of fabric treated 

with laser at 40 dpi and 100 µs pixel time indicate that fabric surface structure 
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became highly uneven after laser treatment. However, surface evenness of laser 

treated fabric increased gradually with increase of resolution and pixel time. As 

mentioned in Section 4.3.1, SEM images showed that laser induced pores became 

more dense and were evenly developed when resolution and pixel time increased. As 

a result, SMD increased and then decreased along with increase of laser parameters. 

 

4.4 CONCLUSION 

Laser treatment’s effect on bleached cotton fabric was investigated. As shown in 

SEM images, laser induces sponge-like surface structures on cotton fabric which are 

identical to SEM images shown in Section 3.3.1. Changes in resolution and pixel 

time increase sizes and density of laser induced pores. According to the FTIR 

analysis, the absorbance spectra showed that laser irradiation induced thermal 

degradation in samples; the bands representing oxidation products of carbonyl and 

carboxyl groups were located with higher intensity. The XPS analysis revealed a 

slight change in chemical composition after laser treatment, but no significant 

chemical modification was observed in laser treated cotton fabric.  

 

Results of fabric weight loss and tensile and tearing strength of laser treated fabric 

can act as an indication of the effect of laser treatment. It was found that fabric 
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surface turned yellow after laser treatment, compared with untreated fabric. Also 

there was an enhancement of yellowness when resolution and pixel time of laser 

beam increased. The reduction in fabric weight and breaking and tearing strength 

decreased with increase of resolution and pixel time. Through controlling resolution 

and pixel time of the laser beam, desired laser effect on cotton can be obtained. 

Wickability of cotton fabric was highly improved by laser treatment. Due to the 

sponge-like surface structure induced by laser, the increase in surface roughness and 

capillary action enhanced water transportation along the cotton fabric.  

 

Mechanical properties, namely, tensile, shearing, bending, compression and surface 

properties were evaluated through KES-F. Tensile energy of laser treated fabric was 

slightly reduced, but the recovery from tensile deformation became better. 

Elongation of laser treated fabric was restricted by the increase of interaction 

between fibres. Since yarn mobility was decreased by laser irradiation, reduction in 

shearing properties was observed. Both bending rigidity and recovery from bending 

of laser treated fabric were lowered. The results also show that laser treatment 

provided a fuller hand and feel. Finally, fabric surface irradiated by laser became 

less smooth but had better evenness. 
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CHAPTER 5 

EFFECT OF LASER TREATMENT ON DYEING PROPERTIES 

 

5.1  INTRODUCTION 

In recent years, faded jeans have become increasingly popular. Blue jeans 

manufacturers have started fading and tearing denim products to alter visual 

characteristics of fabrics and to produce different designs and textures [87]. 

However, the faded jeans produced by conventional technologies involve large 

consumption of water and generation of highly contaminated effluent containing 

chemicals applied in the process [89]. Apart from the associated environmental 

problems, conventional methods such as stone-washing and bleaching also have the 

problem of relatively low reproducibility and difficulty in applying design processes 

to different fabrics. The time-consuming and nonstandard procedures of 

conventional methods are a significant barrier to mass production and cause 

increased costs. A dry process using laser has been designed to create reproducible 

patterns and to eliminate drawbacks of conventional washing methods. Laser is able 

to transfer graphics of desired variety, size and intensity on all kinds of textile 

surfaces, including knitted or woven fabrics, with less water consumption, process 
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flexibility, precision and replicability of designs [89]. 

 

As most textile materials are dyed, it is important to study the interaction of 

modified fibres with dyes. According to some researches, dyeing performance of 

laser treated synthetic fibres is different from the normal [124, 132]. It is believed 

that dyeing properties of laser treated cotton fabrics may produce results different 

from untreated fabrics. The laser system used in this research is computer-controlled 

and is able to modify the surface of cotton fabric by using different resolutions and 

pixel times. After laser treatment cotton fabrics were dyed with direct dyes in order 

to examine the effect of laser irradiation on fabric dyeability.  

 

The major advantages of direct dyes over other dye types used for cellulose are the 

low overall cost, ease of application, good lightfastness, good water solubility and 

shorter dyeing cycle [9, 30]. Due to the inadequate wet colour fastness of direct dyes, 

dyed cotton fabrics were after-treated using cationic fixing agent [13]. The effect of 

laser treatment on fabric dyeability, rate of exhaustion, colour fastness to washing 

and crocking were evaluated. 
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5.2  EXPERIMENTAL DETAILS 

5.2.1 Sample Preparation 

100% pure plain weave bleached cotton fabric (density: 60 ends/inch & 60 

picks/inch; yarn count: 20x20 tex; weight 128.8g/m2) pieces were taken as samples. 

The fabric was conditioned at 21 ± 1 ℃ and 65 ± 5% relative humidity for 24 

hours before experiments and evaluations. Table 5.1 shows different laser treatment 

parameters used for test samples. 

 

Table 5.1 Different parameters used for laser treatment of samples. 
Sample No. Resolution (dpi) Pixel Time (µs) 

D1 - - 
D2 40 100 
D3 40 110 
D4 40 120 
D5 50 100 
D6 50 110 
D7 50 120 
D8 60 100 
D9 60 110 
D10 60 120 

 

5.2.2 Laser Irradiation 

Laser irradiation was performed using a commercial pulsed CO2 laser (GFK 

Marcatex FLEXI-150) under atmospheric condition. The samples were irradiated 

from the laser beam directly. Pulse energy of the laser beam was in the range of 5mJ 
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to 230mJ and the wavelength was 10.6μm. The two laser parameters of resolution 

(40, 50 and 60 dpi) and pixel time (100, 110 and 120 µs) were varied to study the 

effect of different laser conditions on cotton fabric. 

 

5.2.3 Direct Dyeing and After Treatment with Cationic Fixing Agent 

Commercial direct dye (Solophenyl Blue FGL-01 165%) (Chanson & Co. Ltd) was 

used in the dyeing experiment. Bleached cotton fabrics were dyed with 2g of direct 

dye (0.1%, 2% and 5% owf) at a liquor-to-goods ratio of 50:1. Common salt (20% 

owf) and soda ash (0.5% owf) were added to the dyebath and dyeing was started at 

40℃. The temperature was increased to 95℃ and the fabric was dyed for 45 

minutes. After dyeing, the fabrics were processed for fixation. 

 

A B 

After treatment 

95℃ 

45 mins 

40℃ 

Dye auxiliaries 

Fabrics 

15 mins 15 mins 15 mins 

A 50% of electrolyte addition 
B 50% of electrolyte addition 

 
Figure 5.1 Dyeing profile 
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The fixation process, i.e. after treatment of 2% owf was performed in a bath using 

cationic fixing agent (Albafix E) with a liquor-to-goods ratio of 50:1 over a period 

of 20 minutes at 70℃. After that the treated samples were rinsed and oven dried, and 

finally conditioned at 21 ± 1℃ and 65 ± 5% relative humidity for 24 hours before 

colour measurement. 

 

5.2.4 Rate of dyeing and Colour Measurement 

The dyebath exhaustion rate was measured to investigate dyeing properties of laser 

treated cotton fabrics. Dyebath exhaustion was determined by extracting the residual 

dye liquor of 2% owf dyebath after different dyeing times (5, 10, 15, 25, 35, 45, 60, 

75, 90, 120, 180 and 240 minutes). Concentration of the residual dye liquor was 

measured at the maximum adsorption wavelength (λmax) using Spectronic 20 

Genesys spectrophotometer. Percent exhaustion was calculated according to 

Equation (1): 

 

where A0 is absorbance of dye at 0 minute and At is absorbance of dye at time t, and 

%E is percent exhaustion at time t.  

 

Colour strength (K/S) values of dyed samples based on reflectance spectra (sum of 
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the K/S value of wavelength from 400 to 700 nm) were determined with Equation (2) 

[120]. The spectra reflectance curves were measured by using Spectrophotometer 

(GretagMacbeth Colour-Eye® 7000A). 

 

where R is the measured reflectance from the dyed fabric sample. 

 

5.2.5 Colour fastness  

Colour fastness of dyed laser treated fabrics was assessed by the AATCC Test 

Method 61-2007 (Colour fastness to Laundering: Accelerated) and AATCC Test 

Method 8-2007 (Colour fastness to Crocking: AATCC Crock meter Method). Colour 

change of the samples was evaluated through Grey Scales for Colour Change and 

staining on multifibre test fabric (wool, acrylic, polyester, nylon, cotton and acetate) 

and the cotton cloth were evaluated by using Grey Scales for Staining under 

illumination of D65. 

 

5.3  RESULTS AND DISCUSSIONS 

5.3.1 Fabric Dyeability 

Figures 5.2 -5.4 illustrate reflectance curves of dyeing of cotton fabric samples 

treated with laser at various conditions with different dyeing depths, namely, 0.1%, 
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2% and 5% owf (on weight of fabrics). Blue colour direct dyes were used and, 

therefore, the samples look blue as they reflect most of the blue light and absorb less 

light than other wavelengths in reflectance curves [53]. It was found that the 

untreated fabric sample had the lowest reflectance percentage, while fabric samples 

treated with laser at 60 dpi attained the highest reflectance. As reported in extant 

literature, the more light they absorb or the lower is the reflectance factor, the deeper 

is the dyeing achieved and the darker the fabric looks [132]. Therefore, laser treated 

cotton fabric samples had lighter shades compared with the untreated fabric sample.  

 

Reflectance decreased when dyeing depth increased (Figures 5.2-5.4). The 

measured reflectance curve is like a fingerprint which describes the kind and 

amount of colourants used [53]. The lower the reflectance, the greater is the 

amount of colourant absorbed by the samples. In other words, fabric samples dyed 

with 5% owf had the lowest reflectance values and therefore the darkest shade was 

obtained. In addition, laser treatment reduced the amount of direct dye absorbed by 

the fabric and resulted in a higher reflectance. Last but not least, no wavelength 

shift occurred on laser treated fabric samples. Hence, laser treatment could not 

induce chromaticity change or any change in colour of cotton fabric samples. 
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Figure 5.2 Reflectance curves of fabrics laser treated with different resolutions and 
then dyed with 0.1% owf 
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Figure 5.3 Reflectance curves of fabrics laser treated with different resolutions and 
then dyed with 2% owf 
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Figure 5.4 Reflectance curves of fabrics laser treated with different resolutions and 
then dyed with 5% owf 

 

Figure 5.5 shows the colour strength of dyed laser treated cotton fabric at different 

dyeing depths, i.e. 0.1%, 2% and 5%. By increasing the dyeing depth, the K/S value 

increased; fabric dyed at 0.1% owf had the lowest K/S value and samples dyed at 

5% owf had the highest K/S value. There was a decrease in the overall K/S values of 

fabric samples compared with the untreated sample, irrespective of dyeing depth. All 

laser treated samples (D2-D10) had relatively low colour strength compared to 

fabric without laser treatment (D1). 
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Figure 5.5 Colour yield of laser treated cotton fabric dyed with different dye 
concentrations. 

 

Table 5.2 shows colour yield samples laser treated at different resolutions and pixel 

times. Colour strength decreased when resolution and pixel time increased. The 

fabric sample not subjected to laser irradiation had the highest K/S value after 

dyeing at 0.1%, 2% and 5% owf, but dyed fabric samples laser treated with 60 dpi 

had the lowest K/S value. Moreover, colour strength of dyed fabric with laser 

treatment at 100 µs was higher than that of the sample treated at 120 µs. As 

discussed previously in Section 3.3.4 and 3.3.5 of Chapter 3 and Section 4.3.7 of 

Chapter 4, wettability and wickability of laser treated samples was highly improved. 

However, the contact angle and wetting diameter were improved mainly due to the 

increment of fibre surface roughness and the improvement of wicking was mainly 

due to the capillary action of the porous structure. However, in the dyeing process, 
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the laser-treated samples were subjected to dynamic action such as mechanical 

agitation and also the dyeing results are not only depending on the physical 

properties of the fibre such as wetting and wickability but also the chemical 

properties of the fibre such as available dyesite.  In accordance with the K/S value 

of the dyed samples, absorption of dyes by laser treated samples was not enhanced 

by the increase in wickability. It is believed that the reduction of K/S values was 

caused by other factors. As shown from the previous SEM images, laser induced 

pores and engraving effects increased at higher resolution and pixel time, in which 

laser induced fragments of outer layers of cotton fibres were removed and thus the 

number of dyesites was lowered. Besides, the rapid heating caused by absorption of 

energy in the laser beam led to breaking of some of the fibres, forming some 

fragments which remained adhered to the fibre surface [110]. As a result, the amount 

of dyes absorbed by laser treated samples was decreased and resulted in a lower 

colour strength when resolution and pixel time increased. 

 

On the other hand, oxidation occurred on the fabric surface after irradiation by laser 

and oxidation products were reflected by the FTIR analysis and in yellowness index 

(Sections 4.3.2 and 4.3.5 of Chapter 4). The elimination of hydroxyl groups, which 

were oxidized to carbonyl/ carboxyl groups, diminished the attraction of direct dyes 
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towards cotton. Since direct dyes retained by the fibre through hydrogen bonds and 

van der Waals force, the loss of hydroxyl groups should cause less dye absorption 

and result in lower colour strength [15]. As a result, the reduction in colour yield of 

laser treated fabric samples occurred due to oxidation of hydroxyl groups by laser 

[78].  

 

Table 5.2 K/S values of fabric laser treated with different parameters and dyed with 
direct dye at various depths. 

 
Depth of Dyeing 

0.10%  2% 5% 
100 µs 110 µs 120 µs 100 µs 110 µs 120 µs 100 µs 110 µs 120 µs

Control 19.62 136.05 207.46 
40 dpi 15.06 15.08 14.78 84.95 84.28 82.43 129.20 122.80 121.93
50 dpi 14.26 13.87 13.90 75.41 75.67 75.77 113.94 110.12 110.36
60 dpi 13.47 13.15 13.36 74.51 72.15 72.46 108.72 107.58 105.05

 

Figures 5.6 to 5.8 show the laser treated side of the fabric has lower colour strength 

compared with the other. Both sides of untreated fabric samples had approximately 

equal K/S value after dyeing with direct dye. However, laser treated fabric samples 

had two different K/S values after dyeing; the laser treated side of the fabric 

obtained lower colour strength and the other side, not subjected to laser treatment, 

had higher colour strength. This result confirms that laser irradiation can only 

modify the fibre surface and the other side of the fabric has insignificant 

modification, such that bulk of the fibre dyeing properties of the samples were not 
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affected by laser treatment [66]. 

 

Furthermore, the side that was not laser treated suffered a slight decrease in K/S 

value when resolution and pixel time were increased. The main reason was probably 

the engraving effect induced by laser irradiation. It has been stated earlier that 

weight of fabric after treating with laser decreased as parts of cotton fibres were 

etched away by the laser beam. Thus the available dyesites for the dyes to adhere on 

the cotton were reduced and the side not treated with laser also suffered a small 

decrease in colour strength. However, no oxidation occurred on the untreated side 

and hence K/S values decreased to a lesser extent than the laser treated side. 

Although there was an increase in depth of colouration, the reduction in K/S values 

was not affected, or improved.  
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Figure 5.6 Difference between colour yield of laser treated side and the other side of 
the fabric (0.1% owf). 
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Figure 5.7 Difference between colour yield of laser treated side and the other side of 

the fabric (2% owf). 
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Figure 5.8 Difference between colour yield of laser treated side and the other side of 

cotton fabric (5% owf).  

 

Table 5.3 shows the difference between dyed fabric samples treated with cationic 

fixing agent and those without fixation treatment. The L* value (lightness of the 

dyed sample) varies from 0 (black) to 100 (white) [22]. After processing for fixation, 

the L* value decreased. Since the less stable dyes adhered on the sample were 

washed off by the fixation treatment [104], L* values were lowered. Hence, both 

laser untreated and laser treated dyed samples had lighter shades after the fixation 

treatment. The amount of a* indicates the redness of the dyed materials; the more 

negative is the value of a* the greener is the colour; a more positive value of a* 

means a redder colour was obtained. Dyed samples having higher a* values were not 

subjected to fixation treatment, unfixed dyed samples had a more reddish blue shade 

  ‐ 129 ‐



than fixed dyed samples. In other words, after treatment with fixing agent can 

restore the blue shade from more reddish to more bluish. The less negative b* value 

means the colour was less blue and brighter in shade. After fixation, dyed laser 

treated samples had more negative b* value that the fixed samples had more bluish 

and duller colour. In addition, C* values decreased after fixation when dyed samples 

with fixation had lower chroma [53]. 

 

Table 5.3 The difference between colour of dyed cotton samples with and without 
cationic fixing agent. 

 Control sample Laser treated sample 
Without fixing 

agent 
With fixing 

agent 
Without fixing 

agent 
With fixing 

agent 
L* 36.73 36.51 43.80 42.65 
a* -4.20 -3.74 -4.34 -3.61 
b* -21.73 -22.13 -19.46 -20.14 
C* 22.13 22.44 19.94 20.46 
h 259.06 260.40 257.43 259.85 

 

5.3.2 Rate of Exhaustion 

In Figures 5.9 and 5.10, the reduction in percent exhaustion is more prominent after 

change in resolution than change of pixel time; dyed fabric treated with laser at 60 

dpi had the lowest percent of exhaustion at equilibrium (Figure 5.10). However, the 

time for achieving equilibrium of exhaustion was not changed by laser treatment. As 

a result, it was found that laser treatment can be used for colour fading by changing 
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the resolution and pixel time, and specific desired fading effects can be achieved 

more precisely. 
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Figure 5.9 Dyebath exhaustion time of bleached cotton fabric laser treated for 
different pixel times. 
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Figure 5.10 Dyebath exhaustion time of bleached cotton fabric laser treated at 
different resolutions. 

 

Table 5.4 shows dye bath exhaustion rate for dyed cotton fabric samples with laser 

pretreatment at various conditions. Dyed fabric without laser treatment had the 

highest equilibrium dye uptake compared. This indicates that laser treatment could 

cause colour fading since available dyesites on fabric surface are decreased by laser 

treatment; hydroxyl groups are reduced by oxidation. When resolution and pixel 

time are increased, the degree of oxidation is increased, as discussed in Section 4.3. 

As a result, the final percentage of exhaustion is reduced with increase resolution 

and pixel time.  
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The time of half dyeing (t1/2) means the required time to achieve half equilibrium 

which can be used to quantify the rate of dyeing in the dyeing process [123]. In 

general, the effect of laser treatment on t1/2 is not prominent, as the range of t1/2 was 

changed from 3.4 to 3.27 minutes. The sample treated with laser at 40 and 50 dpi 

suffered a slight increase in t1/2 over the untreated sample, probably due to the total 

surface area of fibres having been increased by the laser induced sponge-like 

structure, implying more contact area for dyes molecules to diffuse [123]. However, 

t1/2 decreased when resolution was increased to 60 dpi. Since there was laser induced 

fragments and debris adhering on the fibre surface and their formation increased 

with resolution, diffusion of dyes to the fibre surface was reduced and T1/2 decreased 

as resolution increased. 

 

Table 5.4 The half dyeing and % E of laser treated cotton at different conditions. 

Sample t1/2 (mins) %E at Equilibrium 
D1 3.33  49.93  
D2 3.40  48.51  
D3 3.40  48.32  
D4 3.40  47.93  
D5 3.37  46.71  
D6 3.37  46.14  
D7 3.37  44.74  
D8 3.27  44.00  
D9 3.27  43.00  
D10 3.27  40.60  
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5.3.3 Colour fastness to Washing 

The AATCC Test Method 61-2007 Colour fastness to Laundering: Accelerated test is 

used to evaluate colour change and staining of dyed laser pretreated cotton fabric 

samples. In the following Table 5.5, only the results of staining of cotton in multi 

fibre fabric are presented as other materials suffered no change in shade after the 

washing test. Table 5.2 shows that laser untreated samples and laser pretreated 

samples have the same colour change and staining results. In other words, laser 

technology would not cause negative or positive effect in colour fastness to washing 

test. Laser pretreated samples perform the same as the control sample, irrespective 

of resolution and pixel time. In addition, colour fastness to washing decreased with 

increase the amount of dyes used. Since colour fastness tests could depend to some 

degree on the amount of dye on the fibre, colour fastness to washing decreases as 

concentration of dye increases [3]. 
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Table 5.5 Results of colour fastness to washing test (AATCC Test Method 61-2007 
Colour fastness to Laundering: Accelerated) 

Cotton 
Sample 

0.1% owf 2% owf 5% owf 
Colour 
Change 

Staining on 
Cotton fabric 

Colour 
Change

Staining on 
Cotton fabric 

Colour 
Change 

Staining on 
Cotton fabric 

D1 4-5 4-5 4-5 4 4-5 3-4 
D2 4-5 4-5 4-5 4 4-5 3-4 
D3 4-5 4-5 4-5 4 4-5 3-4 
D4 4-5 4-5 4-5 4 4-5 3-4 
D5 4-5 4-5 4-5 4 4-5 3-4 
D6 4-5 4-5 4-5 4 4-5 3-4 
D7 4-5 4-5 4-5 4 4-5 3-4 
D8 4-5 4-5 4-5 4 4-5 3-4 
D9 4-5 4-5 4-5 4 4-5 3-4 
D10 4-5 4-5 4-5 4 4-5 3-4 

 

5.3.4 Colour fastness to Crocking 

Table 5.6 shows colour fastness to crocking results. All laser pretreated samples 

have relatively poor crocking results compared with the control sample. As for the 

surface morphological modification induced by laser irradiation shown in SEM 

images, the cracks and fibre fragments formed the sponge-like structure. Outer 

surface of samples were damaged and some weak points were created [56]; outer 

parts of fibres may be more easily rubbed off, resulting in lower dry and wet 

crocking results. However, the change in laser treatment condition did not cause any 

variation in wet crocking and dry crocking results. Apart from this, wet crocking 

results were poorer than dry crocking. 
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Table 5.6 Results of colour fastness to crocking test (AATCC Test Method 8-2007 
Colour fastness to Crocking: AATCC Crockmeter Method) 

Cotton 
Sample 

Wet Crocking Dry Crocking 
0.1% owf 2% owf 5% owf 0.1% owf 2% owf 5% owf 

D1 4-5 3-4 3 5 4-5 4-5 
D2 4-5 3 2-3 5 4 4 
D3 4-5 3 2-3 5 4 4 
D4 4-5 3 2-3 5 4 4 
D5 4-5 3 2-3 5 4 4 
D6 4-5 3 2-3 5 4 4 
D7 4-5 3 2-3 5 4 4 
D8 4-5 3 2-3 5 4 4 
D9 4-5 3 2-3 5 4 4 
D10 4-5 3 2-3 5 4 4 

 

5.4  CONCLUSION 

Laser treated cotton fabric (CO2  laser) was dyed with direct dye to study the effect 

of laser treatment on cotton fabric dyeability. As shown in the reflectance curves, 

there was no chromaticity change or any change in colour. However, reflectance of 

dyed samples pretreated with laser was reduced and a lighter shade was obtained. 

The reduction in reflectance did not change upon change in dyeing depth (depths of 

0.1%, 2% and 5% were tested).  

 

Moreover, colour yield of laser treated samples was lower than the untreated sample. 

The reduction in K/S values was enhanced by increasing resolution and pixel time. 

This was probably due to elimination of hydroxyl groups and oxidation of cotton. 
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Attraction of cotton cellulose for direct dyes was weakened and absorption of dyes 

was reduced. In this study, only one side of the cotton fabric was irradiated to laser 

beam. However, engraving power of laser etched away parts of cotton fibres which 

decreased the overall available dyesites and resulted in lower K/S values on both 

sides. The laser treated side suffered a greater decrease in K/S value than the other 

side without the laser treatment. 

 

For improving colour fastness to washing of direct dye, fixation with cationic fixing 

agent was conducted after dyeing. The CIE L*a*b* values showed that dyed 

samples without the fixing agent had a redder and brighter shade than samples with 

fixation. Furthermore, since the unfixed dyes were removed in fixation, a lower L* 

value was obtained. The rate of exhaustion was examined to have a better 

understanding of the effect of laser treatment on dyeing. The t1/2 values were slightly 

reduced with reduction of resolution and pixel time, and the percentage of 

exhaustion at equilibrium was steadily decreased in proportion to increase of pixel 

time and resolution.  

 

On the other hand, colour fastness to washing results were not varied obviously with 

different laser treatment conditions. There was no deterioration or improvement in 

  ‐ 137 ‐



colour fastness to washing because of laser treatment. However, colour fastness to 

washing became worse when dyeing depth increased. Since dye concentration is 

higher at higher dyeing depths, the amount of dyes being washed off could also 

become greater. Last but not least, results of colour fastness to crocking were 

deteriorated by laser treatment because of weak points on the cotton fabric. As a 

result, weakened outer parts of fabric could be easily rubbed off and both wet and 

dry crocking results were worsened. 

 

Based on this work, we could make use of the laser treatment for treating the fabric 

first followed by dyeing process and finally a paler shade could be obtained.  

Therefore, by controlling the laser operation parameter, we can determine the colour 

fading effect easily when compared with conventional method such as enzyme 

washing in which the colour fading effect depends greatly on experience and trial 

and error process.  
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CHAPTER 6 

CONCLUSION 

 

6.1 INTRODUCTION 

This thesis attempts to provide a comprehensive and systematic study of 

modification of cotton by pulsed CO2 laser irradiation. A range of advanced and 

analytical instruments and characterization techniques was used to examine the 

various modifications caused by the treatment. In this chapter, a summary of 

research results, conclusions and recommendations for possible future research work 

are presented. 

 

6.2 SUMMARY 

This section provides a summary of all major results and findings covering surface 

morphological modification, chemical modification, and modification of textile 

properties and dyeing properties. 

 

6.2.1 Surface Morphological Modification 

In order to examine the effect of laser treatment on cotton, samples were subject to 
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pulsed CO2 laser irradiation, followed by desizing, scouring, bleaching and dyeing. 

A range of resolutions (40, 50, 60 and 70 dpi) and pixel times (100, 110, 120, 130, 

140 and 150 µs) was used to study the interaction between cotton and CO2 laser 

treatment. Surface morphological modification of cotton was examined by using 

Scanning Electron Microscope (SEM).  

 

Experimental results revealed that a sponge-like structure was induced after the 

cotton fabric was exposed to CO2 laser irradiation. The cotton fibre surface was 

modified to form various pores, cracks and fragments after irradiation, and the 

degree of modification was enhanced gradually by increasing resolution and pixel 

time of laser. Increasing these two parameters resulted in sizes of pores, number of 

pores and pore density being affected significantly. Laser induced pores were 

enlarged when pixel time was prolonged; and the pores were more densely 

developed at higher resolutions. The engraving effect caused by CO2 laser was 

evaluated by measuring fabric weight before and after the laser treatment. It was 

found that laser irradiation was able to etch away parts of fibres because of rapid 

heating from the laser beam; weight of laser treated fabric samples was reduced as 

resolution and pixel time were increased.  
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6.2.2 Chemical Modification 

Generally speaking, (CO2) laser treatment of cotton causes not only physical 

modification but also involves some chemical processes. It was observed that cotton 

fabric turned yellow after irradiation. The yellowness index of the fabric was 

increased when resolution and pixel time were increased. Moreover, the FTIR 

analysis suggested that there was a change in absorbance peaks of laser treated 

samples when compared with the untreated sample. Laser treatment had led to 

oxidation on fabric surface that there were a reduction of OH groups but a rise in 

carbonyl/ carboxyl groups form the FTIR spectra. The degree of oxidation was 

enhanced on increase of resolution and pixel time, as peaks representing oxidation 

products became more obvious at higher resolution and pixel time. 

 

The XPS analysis revealed that surface oxygen content of cotton was increased but 

surface carbon content was reduced. It was probably due to the laser irradiation 

having been conducted under atmospheric condition and the subsequent reaction of 

cotton surface with atmospheric oxygen during irradiation. In addition, it is believed 

that etching away of cotton fibres, formation of oxidized groups and evolution of 

carbon monoxide and carbon dioxide induced by laser beam occurred. Therefore, 

carbon content of the samples was lowered after laser treatment. 
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6.2.3 Modification on Textile Properties 

Modifications in properties such as tensile strength, tearing strength, contact angle, 

wetting test, wickability and fabric handle were studied. Tensile strength and tearing 

strength were reduced because laser irradiation induced some weak points on the 

fibre surface and caused the fabric to be broken with a lower force. 

 

The laser induced sponge-like structure led to an improvement in wettability of the 

cotton fabric. Contact angle values of grey cotton were highly decreased by laser 

treatment, because surface impurities were etched away and roughness was created 

by laser. Furthermore, the wetting diameter also increased when resolution and pixel 

time increased. Hence, water absorption of cotton was highly improved after laser 

treatment. Apart from this, wickability was positively modified by laser probably 

because of the increase in capillary action due to the porous structure. 

 

Mechanical properties were measured through using Kawabata Evaluation System 

for Fabric (KES-F). Mechanical properties (tensile, shearing, bending, compression 

and surface) were modified; tensile, shearing and bending properties suffered a 

slight reduction due to the roughness created by laser but a fuller hand feel was 

obtained.  
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6.2.4 Dyeing Properties 

Colour yield was decreased and the reduction in K/S value was enhanced on 

increasing resolution and pixel time. Since oxidation occurred and hydroxyl groups 

were eliminated, the attraction of cotton and direct dyes was weakened and dye 

absorption was reduced. Furthermore, the rate of exhaustion was slightly affected by 

laser in that the t1/2 value was increased due to the total surface area having 

increased after treating with laser. However, the final exhaustion was reduced 

because parts of cotton fibres were etched and the available dyesites were also 

decreased. 

 

Colour fastness to washing and crocking were tested to study the effect of laser. 

Colour fastness to washing was not varied upon change in laser treatment conditions. 

However, colour fastness to crocking of laser treated samples were different form 

the untreated sample. Laser irradiation resulted in some weak points on fabric 

surface because of which fibres of laser treated samples could be easily rubbed off in 

both wet and dry crocking. 
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6.3 CONCLUSIONS 

The thesis presents a comprehensive and systematic study of effects of modification 

of cotton by CO2 laser. The major results are summarized as follows. 

A sponge-like structure is created on cotton fibre surface by laser irradiation. It was 

observed that the porous structure became more severe and obvious when resolution 

and pixel time were increased. The etching effect on cotton was examined by 

measuring fabric weight; the weight was reduced on increase of resolution and pixel 

time. The degree of surface morphological modification by laser can be controlled 

effectively by adjusting resolution and pixel time. 

 

The thermal degradation caused by CO2 laser is shown in FTIR analysis; cotton 

fabric turned yellow after laser treatment. The laser induced oxidation led to a 

decrease in hydroxyl groups. The XPS analysis revealed that oxygen content 

increased and carbon content was reduced because of the etching power of the laser 

beam. 

 

Although tensile properties were reduced by laser treatment, the desired laser effect 

can be obtained by adjusting resolution and pixel time. Laser irradiation gave 

positive results in terms of wetting properties of cotton; contact angle values, 
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wetting diameter and wickability were highly improved by laser. Due to the 

roughness created by the laser, treated fabric samples had a fuller hand feel. 

 

Results of dyeing tests showed that laser treatment can be used for fading of colour 

in a more precise and systematic way, providing the desired fading effect and more 

flexible results compared to conventional technologies. 

 

In conclusion, pulsed CO2 laser irradiation is a valuable technique to modify surface 

properties of textile materials. Besides, laser treatment is a dry process that does not 

require any chemical solvents or water and thus the environmental problem can be 

reduced.  

 

6.4 RECOMMENDATIONS FOR FUTURE WORK 

The major objectives of this research have been achieved. However, further work is 

necessary to improve and further develop effective techniques for new industrial 

applications. 

 

In this thesis, the effect of laser treatment on cotton has been studied. It is possible to 

evaluate different kinds of textile materials, such as wool and blended fabrics, which 
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are also commonly used in the industry. Furthermore, an advanced study of laser 

treatment on different types of fabric structures, such as knitted and non-woven 

fabrics and even different kinds of weaves is highly recommended.  

 

The chemical modification caused by laser was investigated through FTIR and XPS 

analysis. In order to get comprehensive understanding of the laser effect, evaluation 

methods such as differential scanning calorimetry (DSC) and x-ray diffraction 

crystallinity can be used to have a deeper understanding of chemical changes caused 

by laser. 

 

This work shows that different effects of laser on fabric can be obtained by varying 

the parameters; it is possible to examine the effect of laser on different properties, 

such as dimensional stability, pilling and abrasion resistance. Thus, a more 

comprehensive investigation of laser effects on textile materials can be achieved. 

 

Last but not least, only direct dye on cotton has been examined. It is recommended 

to evaluate dyeing properties of laser treated materials with different types of dyes, 

such as reactive dyes, sulphur dyes and vat dyes, so as to have a more 

comprehensive understanding of laser’s impact on textile materials. 
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Appendix Ia 
 
Standard deviation of the tensile strength test of the laser treated grey cotton 
fabric 

Samples (n=5) 
Average of Tensile 

Strength (N) 
Standard 
Deviation 

Untreated grey cotton 358.96  3.93  
Laser Treatment with varied resolution 
and pixel time  

  

40 dpi, 100 µs 297.94  2.64  
40 dpi, 110 µs 288.86  4.76  
40 dpi, 120 µs 268.32  2.88  
40 dpi, 130 µs 260.04  2.88  
40 dpi, 140 µs 234.80  3.85  
40 dpi, 150 µs 224.92  3.34  
50 dpi, 100 µs 248.18  5.02  
50 dpi, 110 µs 238.78  3.67  
50 dpi, 120 µs 210.28  4.78  
50 dpi, 130 µs 193.82  4.81  
50 dpi, 140 µs 166.39  3.86  
50 dpi, 150 µs 160.02  3.58  
60 dpi, 100 µs 167.69  3.93  
60 dpi, 110 µs 160.58  3.98  
60 dpi, 120 µs 132.48  2.01  
60 dpi, 130 µs 115.80  4.56  
60 dpi, 140 µs 93.46  3.56  
60 dpi, 150 µs 86.48  2.09  
70 dpi, 100 µs 129.75  4.77  
70 dpi, 110 µs 112.39  2.56  
70 dpi, 120 µs 80.98  4.08  
70 dpi, 130 µs 60.85  3.12  
70 dpi, 140 µs 36.01  3.18  
70 dpi, 150 µs 34.79  3.91  
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Appendix Ib 
 
Standard deviation of the tensile strength test of the laser treated grey cotton 
fabric after desizing 

Samples (n=5) 
Average of Tensile 

Strength (N) 
Standard 
Deviation 

Untreated grey cotton after desizing 340.80  3.01 
Laser Treatment with varied resolution 
and pixel time  

  

40 dpi, 100 µs 294.49  4.17 
40 dpi, 110 µs 265.63  4.94 
40 dpi, 120 µs 213.75  3.12 
40 dpi, 130 µs 199.81  2.93 
40 dpi, 140 µs 184.16  2.96 
40 dpi, 150 µs 179.95  3.68 
50 dpi, 100 µs 217.04  3.25 
50 dpi, 110 µs 198.38  4.67 
50 dpi, 120 µs 164.42  4.31 
50 dpi, 130 µs 126.57  2.60 
50 dpi, 140 µs 121.00  2.58 
50 dpi, 150 µs 119.59  3.72 
60 dpi, 100 µs 134.22  4.87 
60 dpi, 110 µs 115.69  2.25 
60 dpi, 120 µs 82.28  5.04 
60 dpi, 130 µs 62.71  4.95 
60 dpi, 140 µs 36.10  4.51 
60 dpi, 150 µs 31.94  3.91 
70 dpi, 100 µs 67.51  2.78 
70 dpi, 110 µs 44.83  3.23 
70 dpi, 120 µs 32.81  2.70 
70 dpi, 130 µs 24.22  4.76 
70 dpi, 140 µs 21.74  3.61 
70 dpi, 150 µs 18.59  4.56 
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Appendix Ic 
 
Standard deviation of the tensile strength test of the laser treated grey cotton 
fabric after desizing and scouring 

Samples (n=5) 
Average of Tensile 

Strength (N) 
Standard 
Deviation 

Untreated grey cotton after desizing and 
scouring   

312.34  3.24 

Laser Treatment with varied resolution 
and pixel time  

  

40 dpi, 100 µs 310.34  3.25 
40 dpi, 110 µs 299.46  4.65 
40 dpi, 120 µs 289.53  2.93 
40 dpi, 130 µs 265.23  4.26 
40 dpi, 140 µs 241.74  2.69 
40 dpi, 150 µs 210.73  4.43 
50 dpi, 100 µs 254.36  3.70 
50 dpi, 110 µs 237.58  2.52 
50 dpi, 120 µs 188.99  4.34 
50 dpi, 130 µs 170.87  4.87 
50 dpi, 140 µs 150.46  3.71 
50 dpi, 150 µs 146.30  2.01 
60 dpi, 100 µs 197.04  4.96 
60 dpi, 110 µs 167.78  4.87 
60 dpi, 120 µs 145.95  2.18 
60 dpi, 130 µs 109.26  4.56 
60 dpi, 140 µs 75.43  4.61 
60 dpi, 150 µs 41.34  3.76 
70 dpi, 100 µs 126.97  5.77 
70 dpi, 110 µs 89.66  2.28 
70 dpi, 120 µs 42.28  2.04 
70 dpi, 130 µs 30.46  3.60 
70 dpi, 140 µs 18.92  3.72 
70 dpi, 150 µs 13.69  4.71 
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Appendix Id 
 
Standard deviation of the tensile strength test of the laser treated grey cotton 
fabric after desizing, scouring and bleaching 

Samples (n=5) 
Average of Tensile 

Strength (N) 
Standard 
Deviation 

Untreated grey cotton after desizing, 
scouring and bleaching 

327.71  4.07 

Laser Treatment with varied resolution 
and pixel time  

  

40 dpi, 100 µs 319.12  3.84 
40 dpi, 110 µs 310.14  3.18 
40 dpi, 120 µs 300.46  2.91 
40 dpi, 130 µs 280.28  2.42 
40 dpi, 140 µs 270.98  3.90 
40 dpi, 150 µs 255.57  3.74 
50 dpi, 100 µs 291.40  3.76 
50 dpi, 110 µs 280.28  4.61 
50 dpi, 120 µs 237.31  2.23 
50 dpi, 130 µs 206.71  2.85 
50 dpi, 140 µs 192.34  4.19 
50 dpi, 150 µs 177.18  4.78 
60 dpi, 100 µs 205.50  3.32 
60 dpi, 110 µs 189.93  4.37 
60 dpi, 120 µs 156.10  2.34 
60 dpi, 130 µs 114.09  4.18 
60 dpi, 140 µs 69.93  4.84 
60 dpi, 150 µs 63.48  3.43 
70 dpi, 100 µs 131.67  4.43 
70 dpi, 110 µs 107.24  3.59 
70 dpi, 120 µs 74.49  3.35 
70 dpi, 130 µs 46.71  3.81 
70 dpi, 140 µs 44.83  4.97 
70 dpi, 150 µs 35.16  3.08 
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Appendix Ie 
 
Standard deviation of the tensile strength test of the laser treated white cotton 
fabric 

Samples (n=5) 
Average of Tensile 

Strength (N) 
Standard 
Deviation 

Untreated Cotton 223.22  3.11  
Laser Treatment with varied resolution 
and pixel time 

    

40 dpi, 100 µs 193.39  4.60  
40 dpi, 110 µs 173.54  2.68  
40 dpi, 120 µs 158.12  3.62  
50 dpi, 100 µs 123.32  3.41  
50 dpi, 110 µs 119.97  4.19  
50 dpi, 120 µs 115.48  3.63  
60 dpi, 100 µs 99.75  3.78  
60 dpi, 110 µs 82.09  2.14  
60 dpi, 120 µs 70.92  4.12  

 
Standard deviation of the tearing strength test of the laser treated white cotton 
fabric 

Samples (n=5) 
Average of 

Tearing Force (N) 
Standard 
Deviation 

Untreated Cotton 7.81  0.41  
Laser Treatment with varied resolution 
and pixel time 

    

40 dpi, 100 µs 6.25  0.20  
40 dpi, 110 µs 5.90  0.13  
40 dpi, 120 µs 5.77  0.47  
50 dpi, 100 µs 5.16  0.31  
50 dpi, 110 µs 4.71  0.27  
50 dpi, 120 µs 3.89  0.50  
60 dpi, 100 µs 3.28  0.29  
60 dpi, 110 µs 3.05  0.28  
60 dpi, 120 µs 2.44  0.30  
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