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Abstract

Laser technology is one of the most important modern technologies in the field of industry, which achieve the concept of
sustainability. It is considered one of cleanest industrial methods especially in the field of clothing and textile industry.

This study uses the carbon dioxide laser (CO2) as the most common using in clothing applications which applied by using
engraving technique on the fabrics were produced using 3 different types of fibres (100% cotton, 74%cotton/25%polyester/1%
lycra and 100% polyester). The COz2 laser parameters used was power (20, 40 & 60 w), speed (300,400 & 500 mm/s) and step
(0.1,0.2,0.3 & 0.5 mm).

In this paper, the effects of engraving parameters on three different fabrics used in the search were investigated to determine the
optimum parameters to apply it. Therefore, the impacts of these parameters selected on crease recovery, tensile strength, tearing
strength properties, colour change and surface morphology on these fabrics were investigated.

The low laser power and high-speed parameters was the best results applied on engraving the research fabrics. The rate of
yellowing and change in colour increases as the speed decreases. On the other hand, the variable steps of laser were as applied

to reach the best application of laboratory tests to engraving fabric surface.

Keywords: Coz laser ; engraving parameters; textiles; sustainability.

1. Introduction

Laser technology is one of the most important modern
technologies in the industry, especially in clothing and
textile. A laser beam is continuous, intense, with
highly focused energy, and can create unique,
innovative, and accurate designs. Laser technology is
the most widely used technology in the field of textiles
because of the many techniques it offers that support
the concept of sustainability [1]. Therefore, it is
considered one of the cleanest industrial methods in
the field of textiles [2].

Applications of laser technology in the textile industry
include fabric fault detection, laser cutting, welded
garment production, laser marking, barcode scanning,
laser fading, and laser engraving, in addition to
modifying the surface properties of the fibre to
improve its properties such as wetting behavior,
friction, adsorption ability, and adhesion of dyestuff
pigment in the dyeing process [1,3,4].

Depending on the physical nature of the active
medium, the lasers are divided into Gas Lasers, ex:
Helium-Neon Laser, Argon and Krypton lon Lasers,
and Carbon Lasers (CO2 laser). Solid-state lasers
include Ruby Laser, Nd: YAG, and Titanium Sapphire

(Ti: sapphire). Semiconducting lasers, also known as
laser diodes [5].

Using carbon dioxide gas laser in the clothing industry
globally in 1960, as it is considered the most widely
used type of laser gas and the best in most industries
in general [6]. It uses infrared light with a wavelength
of 10.6 micrometers, allowing it to absorb through
nonmetallic materials such as wood, plastic, paper,
leather, and textiles [7]. A CO- laser can be worked in
a continuous wave or pulse [8,9]. The carbon dioxide
laser is more suitable and efficient for engraving
materials because they are not good conductors of
electricity and heat [10]. So, it is the most common in
clothing applications due to its low price and non-
toxicity [7,11,12]. As well as, it has found solutions to
reduce the environmental problems caused by the
traditional processes of fabric, including physical
processes for example sanding, sand spraying,
embroidering brushing, and chemical processes, for
example, stone washing with enzymes, snow
washing, rinsing, pre-washing bleaching, by saving
energy and reducing water and harmful chemicals
caused by these processes, as well as creating designs
that are easy to modify and apply to the material with
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less damage in addition to the ability to achieve
sustainable design [2,8,13].

There are many advantages of the engraving
process on fabric materials, including the stability and
management of the laser source led to high quality,
treatment of most textile materials, speed, high
accuracy, and clarity of design details on the material,
environmentally friendly operations; it does not need
to use chemicals to complete the process, increased
productivity, and accuracy [14]. Vector, raster, and
projection are ways of laser engraving operations [15].
The effect of CO, laser beam, can also produce
various engraving effects on the fabri¢ s surface by
changing the operating conditions, and among these
fabrics are jeans, where the engraving process can
remove a layer from the surface of the fabric at
different depths or remove the surface dye based on
the final use, the executed design, and the control of
the laser variables used(Kan et al., 2010) [16]. With
the help of computer-aided design, designs can be
created on jeans fabrics for the ability to control the
variables to get a change in colour without damage to
the fabric, as it is considered the easiest and fastest
way to etch on jeans for accuracy and ease of operation
compared to traditional processes [3,14]. Controlling
the variables of the engraving process is very
important to reduce damage to the fabric and avoid
adverse physical changes to the fabric [17,18].
Therefore, Laser technology achieves sustainability by
achieving high quality through its different
technology. It is also called a clean and dry process
because it is free from wastewater and chemicals
harmful to the environment [15].

In this study, the laser Co, will be used to engraving
(100%cotton, 74%cotton/25%polyester/1%lycra,100
%polyester) fabrics to investigate the optimum
condition of laser variables (power/speed& step)
which suitable to applied with these fabrics. As well as
study the fabrics crease recovery, tensile strength,
tearing strength properties, colour change and surface
morphology on these.

2. Materials and methods

2.1. Fabrics

Specification of fabrics used in the study are described
in table (1) were obtained from Al-Robaiah Textile
Factory, Gesr Al-Suez, Cairo.

2.2. Laser machine specification

The laser machine used in experimental work was CO>
Laser machine which is described in the (table 2) that
is used for cutting and engraving on different
materials, including cloth, wood and leather, paper,
and others. The laser operations were carried out at the
CNC Al-Obour Center, Cairo Governorate.
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Table 1: Fabric specifications used in engraving
techniques.

Sample No 1 2 3
Weight 398 g/m? 343 g/m? 371 g/m?
Fabric 100% 74%cotton 100%Polyester
composition cotton 25%
polyester
1%lycra
Weave Twill 3/1 | Twill3/1Z Plain 1/1
structure Y4
No. warp 26 39 32
thread in cm
No. weft 17 26 27
thread in cm
Colour Ocean (Indigo dye) Dark brown
blue/75
(Indigo
dye)
Table 2: CO; laser specification machine.
Model SA1610
Laser Type CO2 Class IV
Laser Power 100 W
Processing Area 100X100 mm
Power Supply AC 220 V+10% 50Hz\60Hz
Total Power 1250 w

2.3. Laser process

2.3.1. design Preparation

The design used in the research was created by the
Adobe Illustrator software for the ability of the
program to create vector-based designs for the
possibility of communicating the design with the laser
software machine's program (RuiDa ACs work) to
adjust the technology variables according to the
techniques and used material.

2.3.2. Laser engraving technique parameters

Laser engraving parameters include step (distance
between two consecutive passes of a laser beam),
power (output power of laser) [3] and speed (the
passage of laser head) [19]. The engraving process was
carried out using the raster method at constant height
of the laser machine's head (0. 6mm). Table 3. shows
the used laser parameters.

Table 3: laser engraving parameters.

Parameter* Value

Power (w) 20 40 60 -
Speed (mm\s) 300 400 500 -

Step (mm) 0.1 0.2 0.3 0.5

*W= watt, mm=millimeter, s= second

The process was carried out by constant speed
(300mm/s) and the lowest step (0.1mm) and gradually
changing the power(20-40-60W) from low to high and
then gradually increasing the speed(400-500mm/s)
with changing the power to reach the best variable
from power and speed on the material used. Applying
the variable steps (0.2-0.3-0.5mm) at the optimum
parameters of speed and power to reach the best
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variable through the application of laboratory tests to
engraving fabric surfaces.

2.3.3. Laboratory methods of inspecting fabrics
2.3.3.1. Crease recovery test

The test is to be administered according to the
Standard Test Method (M&S P22) [17]. The test was
conducted in the physical testing lab of Golden Tex
Factory, 10th of Ramadan.

2.3.3.2. Tensile Strength and elongation test

The tensile and elongation strength was measured
according to (ASTM D76-93) [18]. The test was
carried out at the chemical laboratories of the armed
forces, Nasr City, Cairo Governorate.

2.3.3.3. Tearing strength test

The tearing strength was measured by (ASTM D2261-
96) [19]. The test was carried out at the chemical
laboratories of the armed forces, Nasr City, Cairo
Governorate.

2.3.3.4. Scanning Electron Microscopy Analysis
Morphological analysis was examined using a
Scanning Electron Microscope type FEI Czec. which
consists of high vacuum sample chamber of 60 P,
accelerating voltage 20.0 kV, Backscatter electron
detector (BSED), Working distance of 10 mm, Spot
size 5 and Magnification for the analysis was 2,000X.
2.3.3.5. Investigation colour change by gray scale
AATCC gray scale for colour change procedure is
used to determine the colour change and rate of
yellowing induced for fabrics after laser engraving to
investigate the quality and optimum parameters for
fabrics engraving technique [23]. According to the
Grayscale test, the untreated sample, and the treated
sample with the variables of the laser study are placed,
side to side, in comparison with the Standard Gray
Scale panel with a rating from (1-5) under its
illumination D65.

3. Results and discussion

3.1. Effect of laser parameters on fabrics engraving
properties

laser beam parameters as (power, speed, and step)
described in table (3) were applied to the research
samples 100% Cotton, Cotton /Polyester/Lycra, and
100%Polyester fabrics that were previously described.
Visual examinations and, mechanical tests were done.
3.1.1 The effect of laser speed and power
parameters on 100% cotton fabric

Research parameters started at a constant speed (300
mm/s) and step (0.1mm) and gradually change the
power (20,40,60 W) respectively. As shown in (Fig.1
a-b-c) represent the effect of speed parameter at
different power values.

Yellowing and weakness in fabrics are detected at
power (20 W), (Fig. 1a). Complete burn and dissolve
of cotton fibres at power (40&60W), (Fig. 1b, c). At
constant speed (400mm/s) as shown in (Fig. 1 d-e-f)
for laser power (20W) the material surface is slightly
change to yellow and weakness occurs with partial
dissolve at power (40W) and complete dissolve of
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cotton fibres at power (60W). This is due to prolonged
exposure period to laser beam power. For speed (500
mm/s) at power (20W) the surface of fabric is clear
from any thermal effects as shown (Fig. 1g) compared
to same power at low speed (Fig. 1 a-d). Due to short
period that fabric exposed to laser power and its
thermal effect. Also (Fig.1 1h-i).100%cotton fabric is
affected greatly at speed (500 mm/s) and power (40W)
as fabric was burn the engraved surface with erosion
of cotton fabric surface and partially dissolve cotton
fibre surface at power (60W) occurred.

Figure 1: Effect of laser power parameters at constant
step 0.1mm for 100%Cotton fabric. Samples (a-b-c)
represent power 20,40&60 W respectively at constant
speed (300mm/s). Samples(d-e-f) at constant speed
(400mm/s). Samples  (g-h-i) at  constant
speed(500mm/s).

As previously shown in (Fig. 1), it can be concluded
that by increasing the laser beam power, the more
damage of cotton fabric is occurred. Cotton fabric start
to be affected by thermal effect of laser irradiation
from yellowing phenomenon to degradation and
complete dissolve due to the absorption of the thermal
energy resulting from the power of the laser beam on
the cellulose fibres, which causes drying of the
cellulose fibres and thus cracks and decomposes of the
cellulose fibres upon swelling and bursting due to the
absorption of high thermal energy through the power
of the laser beam as reported in [24]. Therefore, the
low power (20W) and high speed (500 mm/s) is giving
the optimum conditions for engraving results for 100%
cotton fabric, so variables of step parameters (0.2-0.3-
0.5mm) are applied to be tested to ensure the quality
of fabric after laser treatment.

3.1.2. The effect of laser speed and power
parameters on cotton/polyester/lycra blended
fabric

As revealed in (Fig. 2), the effect of speed parameters
at blended polyester, Lycra, cotton fabric is shown at
speed (300-400mm/s) for power (20W) (Fig. 2 a, d)
the fabrics are subjected to yellowing and weakness.
Complete dissolve and burn at fabric laser treated parts
at power (40 and 60W) as shown in (Fig. 2 b, ¢, e and
f) due to long period of exposure for power laser ray
which causes high thermal energy. At speed
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(500mm/s) sample (Fig. 29) are clear from any defects
and give optimum engraving result. For sample (Fig.
2b) the fabric is subjected to yellowing and burn at
treated areas but for sample (Fig. 2i) fibres are
damaged completely with remaining residues burning
fibre at treated surfaces. The sample at speed (500
mm/s) at same power have less effect compared with
low speed due to the short period that fabric was
exposed to laser power ray.

Figure 2: Effect of laser power parameters at constant
step (0.1mm) for Cotton, Cotton/polyester/ Lycra
blended fabric. Samples (a-b-c) represent power (20,
40 &60 W) respectively at constant speed (300mm/s).
Samples (d-e-f) at constant speed (400mm/s). Samples
(g-h-i) at constant speed (500mm/s).

Low power (20W) has fewer adverse effects on
samples compared with high power (40 and 60W) as
shown in (Fig. 2). The fabric material started to be
affected by the laser thermal energy effect at power
(20W) and that increase in power with consider speed
parameter. Power (40&60W) have intensive, damaged
effects on material due to the energy emitted by laser
rays was very strong and therefore this power not
suitable for blended fabrics. Lower power (20W) and
high speed (500mm/s) are suitable for sample fabric
and are considered as the optimum laser for Cotton,
Cotton/polyester/ Lycra fabric engraving effects.

3.1.3.The effect of laser speed and power
parameters on 100%polyester fabric

Laser Speed (300mm/s) and power (20W) that shown
in (Fig. 3a )has a deep engraving effect compared to
sample at speed (400 and 500 mm/s) as shown in (Fig.
3d, g) due to long period that fabric exposed to laser
power rays. Also, adverse effects of speed occurred in
power (40 and 60W) by remove and dissolve large
ratio of synthetic fibres that form fragile layer of
dissolve fibres as shown in (Fig. 3 e-h). Remain
residual dissolve fibres at engraved parts according to
the amount of laser power that absorbed by fibre that
depend on the period that fabric expose to laser rays.
(Fig. 3¢, f, and i) are excluded as the effect of laser
reaches to cutting effect.
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As shown in (Fig. 3) it can be concluded that the effect
of high laser power on synthetic fabrics are caused
high percentage of dissolved fibres related to the high
energy emitted from power laser rays. When
compared with subjecting fabric surface to different
speed ratios, it can be observing the damage of fabric.
Low power (20W) at speed (400 and 500mm/s) are the
suitable for polyester fabric. As it gives engraved
surface free from damage as deep engrave reaching to
cutting fabric or weak dissolve fibre layer. Therefore,
the best optimum laser speed condition at (500 mm/s)
was chosen to save time and best engraving quality for
100%polyester fabric surface.

Figure 3: Effect of laser power parameters at constant
step (0.lmm) for 100% polyester fabric. (a-b-c)
represent power (20,40& 60 W) respectively at
constant speed (300mm/s). (d-e-f) at constant speed
(400mm/s). (g-h-i) at constant speed (500mmy/s).

3.2. Effect of laser engraving parameters on colour
change by gray scale for different research fabrics

The Grayscale test was applied to evaluate fabrics
appearance and quality treated with laser rays.
Treatments with a low laser power as (20W) at
different speeds (300,400 and 500mm/s) is suitable
with less adverse effects as discolouring, although the
higher power (40 and 60W) caused the burning and
melting of the research fabrics. Grayscale is used to
determine the optimum parameter by measuring the
thermal effect from colour shade change and
yellowing rate in range from (1-5) which (5)
representing no colour change.

Table (4) shows that the speed parameter of
(500mm/s) achieves the best results on the research
samples. The Cotton, Cotton/polyester/ Lycra blended
fabrics were obtained (3-4) for the clarity of the
engraved places without signs of burns or yellowing
resulting from the thermal laser effect. The polyester
fabric also represented an acceptable degree (4-5)
compared with the lower speeds. This indicates that a
speed parameter of (500mm/s) at a power of (20W) is
suitable for the research fabrics. The lower the speed,
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the greater the fabrics yellowing for the 100%cotton
and Cotton, Cotton/polyester/ Lycra blended fabric,
while the colour change increase for the polyester
fabric.

Colour change evaluated by comparison of untreated
sample and the samples after laser step variable at
power (20W) &speed (500mm/s) through gray scale
grade (5), which represented no colour change and so
good engraving effect. Table (4) shows that the speed
parameter has a significant effect on the colour
change, at step parameter (0.1mm), speed 500 mm/s
which is an optimal parameter on all research fabrics
(cotton and cotton/polyester/Lycra blend fabric and
polyester fabric).

Table 4: Colour change for  (cotton,
cotton/polyester/Lycra and polyester fabric) at step
(0.1) and speed parameters at constant power 20W.

Fabrics Cotton Cotton/polyester/ Polyester
Lycra
Colour change at speed parameter
300mm/s 1 1 4-3
400mm/s 3 2 4
500mm/s | 3-4 3-4 4-5

*1 means high change, while 5 means no change

Because of the laser effect focused on the treated
surface area, and therefore a larger percentage of
colour fading effect occurred as the dye was removed
on the surface of the fabric, thus increasing the clarity
and impact of engraving on the surface of the fabric.
On the contrary, the polyester fabric acquires a degree
of darkening when exposed to heat due to the
dissolving and re-hardening of the fibres, which makes
the treated areas darker [25].

3.4. Effect of laser engraving parameters at tensile
strength and elongation on research fabrics

Tensile strength is measured for laser treated samples
at speed (500mm\s), power (20W) and different step
parameters. The tensile strength values are decreased
in general at step parameters than untreated fabrics as

shown in (Fig. 4).
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Figure 4: Tensile strength value (a) Untreated fabrics
(100%cotton, cotton \polyester\Lycra blend and
polyester fabrics) (b)Treated laser at speed (500mm\s),
power(20W) and different step parameters.

As shown in (Fig. 4), in laser step value (0.1mm) there
is high degree of decrease of tensile strength values for
both warp and weft direction than other step values
(0.2-0.3-0.5mm), due to number of engraved lines in
(0.1mm) step parameter is high than other step value
S0, it induced great decrease in tensile strength values.
100% Cotton fabric was significantly affected when
exposed to the lowest step variable due to the passage
of the laser rays closer and thus a higher degree of the
laser beam existence on the surface of the fabric,
which means the effect of its composition and the
weakness of the material. The decreases due to the
formation of pores on the surface of the fibres. Many
pores mean greater weak points on the fibres, which
means a lower tensile strength value [26].

In Cotton/polyester/ Lycra blended fabric also the
tensile strength decreases in both directions which
warp yarns represent cotton while weft yarns are
polyester and Lycra. The presence of thermoplastic
fibres as polyester and Lycra fibres that caused the
cotton fibres to be merged because of their melting and
hardening. Due to the melting of polyester fibres and
the presence of pores and cracks on the cotton fibres
[27]. Also, the weave structure (twill 3/1) is a factor in
decreasing the tensile strength in the direction of the
warp, so that most of the cotton fibres are in the
direction of the warp, making it more effective with
laser rays due to its float on the surface of the fabric,
so that the polyester & Lycra fibres have fewer
intersections, which makes the warp threads slide
easily because it contains fewer weak points that it
consists of polyester and Lycra fibres, in which the
dissolution of the fibres is much higher. Decrease in
the value of the tensile strength in the two directions
of warp and weft, which indicates damage to the fabric
structure and the percentage of different the decrease
in tensile strength depends on the material used. [13]
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As aresult of preserving the durability of the fabric for
tensile strength when compared to the untreated
samples as clear in the (Table.5) and achieving an
optimal engraving quality at closer radius distances,
the step variable (0.2 mm) is optimal on 100%cotton
which caused the less tensile strength reduction that
reaches up to (16.85%) in warp and (66.09%) in the
weft direction and Cotton/polyester/ Lycra blended
fabrics which up to (64%) in warp and (69.25%) in
weft direction.

From the previous (Fig. 4 a-b), when
comparing the untreated fabric with the laser step
parameters of the polyester fabric, the reason for the
decrease in the tensile strength value of the warp and
weft directions is the lower the step parameter, given
that the focus of the laser beam is greater, and thus,
when some polyester fibres are dissolved, the fibres
merge because of their melting and rehardens, and
weakens the fabric because of the restriction of the
movement of the threads. From the previous, step
parameter (0.3mm) is the most durable for tensile
strength and a good engraving result, so it is
considered the optimal variable for polyester fabric
which caused the tensile strength reduction that
reaches up to (6.56%) in warp and (12.39%) in the
weft direction.

As shown in (Fig.5 a-b) &(Table.6), the elongation
values of the untreated samples compared with treated
fabrics, at the optimal step variable for each fabric,
100%cotton fabric was not affected much and
elongation is reduced to (26%) in the direction of the
weft threads due to the formation of pores and cracks
on the surface of the fibres [26]. On the other hand, the
friction force between the warp threads is less due to
the distance between the threads in the weaving
structure (Twill3/1) of the fabric and thus the ease of
pulling them.

The ratio of the elongation is decrease to (40%) in
warp and to (27%) in weft direction due to the cracks
and re-Harding polyester and Lycra fibres [26]. The
decrease in warp direction is due to more affect by
laser beam because the weave structure (twill 3/1)
where most of the warp threads are located on the face
of the fabric. For 100%polyester fabric indicate to
optimum step (0.3) the elongation not greatly effect
where compared with untreated fabric as shown in
(Fig. 5 a-b), the increased in warp direction about
(11.53%) due to increasing its density.

Table (5). Effect of laser step parameter on the tensile
strength(N) of research fabrics.

Treatin Cotton/polyester
/Lycra

Cotton Polyester

conditio | war | Wef
n p t
control | 439 | 870 | 735 722 396 1678
0.1mm 144 183 | 106 175 213 782
0.2mm | 365 | 295 | 264 222 311 1147
0.3mm 444 274 | 225 210 370 1470
0.5mm 355 316 | 369 450 457 1656

warp weft warp | weft
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Figure 5: Elongation ratio (a)untreated fabric (Cotton,
Cotton/polyester/ Lycra, and Polyester) (b) laser
treated fabrics at optimum conditions. speed
(500mm/s), power(20W) and step (0.2mm) for cotton
& Cotton, Cotton/polyester/ Lycra, and Polyester, and
(0.3mm) for polyester fabric.

The fusion of the synthetic fibres could also
be looser and re-hardening again, giving stiffness to
the fabric with the presence of the weave structure
factor, which is plain 1/1, meaning that all the threads
are compact, so that the movement of the threads is
more difficult to move. The elongation decreased
about (8.9%) in general because of removing part of
the material and thus the weakness of the material,
which means that there was damage to the fabric so,
percentage of damage is lower at parameter (0.3mm).

Table (6). Effect of laser optimum parameters on the
elongation ratio (MM) of research fabrics.

Laser treated

Blank fabrics at optimum
Treating condition | (untreated) conditions

Warp | Weft | Warp Weft
100%Cotton 25 68 26 50
Cotton/polyester/ 150 61 % a4
Lycra
100%Polyester 54 104 59 75
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3.5. Effect of laser engraving parameters on the
Tearing strength property for different research
fabrics
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Figure 6: Tearing strength value (a) untreated fabrics
(100%cotton-cotton \polyester\Lycra-polyester), (b)
Optimum treated fabrics at speed (500mmi\s),
power(20W) and step (0.2mm).

As shown in (Fig. 6) the tearing strength value of
treated and untreated 100% cotton fabric are
measured, the fabric maintains its resistance to the
tearing force in both directions, so that it decreases to
about (7.31%) from its original value in weft direction
as a result of the fibre damage, due to the thermal
effect resulting from the laser beam treatment, as
indicated in studies [13,17] Where the fibres are
affected by formation of pores on cotton fibre that
weak fabric to resist tearing strength.

Also, the value of the tear strength decreased in warp
about (13.15%), and weft about (6.6%) for the
Cotton/polyester/ Lycra blended fabrics, due to the
exposure of the fibres to the thermal effect resulting
from the laser beam. The fusion of polyester fibres and
Lycra fibres make the fabric more rigid due to their
merging and covering the cotton fibres, and reduced
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the movement of the fibres, and this led to the
hardness.

The value of the tear strength of the polyester fabric
differs in the direction of the warp than the weft, where
its value increased in the direction of the warp about
(11.53%) due to the density of the warp threads and
thus the increase in the stiffness of the fabric after
melting. On the other hand, weave structure (plain 1/1)
has effect on the resistance of the broad fabric to
tearing strength, as the intersections between the
threads are many and give it special strength when
exposed to laser beams, as the polyester fibres, which
are characterized by their strength, melt and re-harden
again, and thus the fusion of the fibres more, which
means an increase in the strength of the fabric.
Decreased value of the tear in the direction of the weft
about (15.15%), so, this confirms that the fabric has
acquired hardness and cohesion of the fibres after the
laser engraving process.

3.6. Effect of laser engraving parameters on the
crease recovery on different research fabrics

—_
Q
~—

Untreated fabrics

CREASE ANGLE

control warp control weft

BLANK WARP &WEFT

100%cotton M Polyester\cotton\lycra M Polyester

O
—

Treated fabrics

CREASE ANGLE

warp 0.2 weft0.2 warp0.3 weft0.3

OPTIMUM PARAMETER

100%Cotton M cotton \polyester\lycra m Polyester

Figure 7: Crease recovery (a)untreated (Cotton -
Cotton/Polyester/Lycra and Polyester) (b) Optimum
treated fabrics at speed (500mm/s), power(20W) and
step (0.2mm) for 100%cotton
&Cotton/Polyester/Lycra and (0.3mm) for polyester
fabric.
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As shown in (Fig. 7), the value of crease resistance
angle decreased for 100% cotton in both directions in
the warp to (26.5%) and weft to (19.57%) when
compared with untreated which means fabric become
softer and more prone to crease as indicated by [17].
For Cotton/polyester/ Lycra blended fabric crease
angle increase at both warp direction to (41.2%) and
weft direction to (6.64%) directions after applying
laser engraving process fusion of polyester fibres and
Lycra fibres, which leads to the encapsulation of the
cotton fibres, making them more resistant to crease.
Lycra fibres are also another reason in fabric gaining
crease resistance because of its elastic properties.
Thus, when fused with polyester fibres, cotton fibres
gain greater resistance to crease, and thus improve the
properties of the fabric. as the study [28]. Polyester
fibres have a high resistance to crease and wrinkling
due to the very high crystallinity ratio. The polyester
broadcloth fabric was characterized by its thickness
and weight. The crease angle increased in the direction
of the warp to (7.6%) compared to the control sample,
due to the density of the warp threads is greater than
the weft, which makes it give greater rigidity to the
material, especially after applying laser irradiation
beams on it due to its melting and re-hardening again.
The decrease in weft direction up to (15.15%) due to
remove and dissolve more of fibre on surface fabric,
so its weakness and inability to resist crease.

3.8. Effect of CO: laser parameters on fabric
Surface morphology by (Scanning Electron
Microscope) analysis

100%cotton

Figure 8: Microscopic images (SEM) of sample (1)
100% cotton. (a)control sample. (b) cotton fibre laser
treatment in power 40 W and speed 500 mma\s at step
0.1mm with, magnification 50 um. (c-d) effect of laser
at constant power 20 and speed 500 which (c) step
0.1mm and (d) step 0.5 mm with magnification 1mm.
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(Fig. 8 a) shows the shape of the untreated cotton
fibres with smooth fibres surface. (Fig. 8b) shows
SEM sponge-like structure that formation of pores at
(40 W) and speed (500 mm\s) for cotton fibres
absorbed thermal energy emitted by the laser beam,
due to the swelling of the cotton fibres and their
explosion, due to the evaporation of carbon dioxide
gas and the vaporization of water because of the high
energy thermal. Studies confirmed this are [4,24]. The
higher the ratio of the pores, the greater the damage to
the fabric [29]. The number of pores will increase with
the increase of laser processing parameters. which is
verified by [4]. The higher the ratio of the pores, the
greater the damage to the fabric [26]. The number of
pores will increase with the increase of laser
processing parameters. which is verified by [4]. The
higher the percentage of pores, the greater the effect of
laser radiation on the surface of the fibres, and the
greater the depth of engraving. This study [4] indicated
that the percentage of the area of the pores on the
surface of the cotton fibres reaches 31% at the highest
energy density, and therefore the engraving was not
superficial on the cotton fabrics, which led to a partial
loss of the surface of the fibres, which means a high-
impact engraving. From (Figure8b) the change of the
shape of the cotton fibres to a structure similar to
sponge-like structure as a result of the presence of a
very large percentage of pores, which means that the
effect was not superficial and resulted in a high
engraving depth may be approximately reach to 75%.
Thermal damage resulting from increased laser energy
leads to dehydration of cotton fibres (oxidation) to
produce decomposed fibres and carbonization to occur
[30]. Fibre degradation when laser power density
increase [17, 31]. The cotton fibres begin to turn
yellow as a result hydrocellulose's produced when
aldehyde and carboxylic acid groups are formed
because of chemical degradation, which occurs when
the glucosidic linkages are broken by the combined
effects of heat, moisture, and oxygen in the air. As the
temperature rises and oxidation of the cotton occurs,
the cotton turns a yellow-brown colour that gradually
darkens to a darker brown [32] . (Fig. 8 c-d) showing
the difference between effect of laser step parameters,
as step (0.1mm) have large effect on cotton fibre due
to closer rays of laser beam to each other that have
dense effects than step 0.5mm. The amount of fibre
removed in parameter (0.1mm) more than (0.5mm), so
when the step was increasing the area of the laser
effect is decrease [28].
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Cotton\Polyester\Lycra

Figure 9: Microscopic images (SEM) of sample
75%cotton 25%polyester 1%lycra. (a)control sample.
(b) fibres treated with power 40 W and speed 500
mm\s with, magnification 100 pm. (c-d) effect laser at
constant power 20 and speed 500 which (c) step
0.1mm and (d) step 0.5 mm with magnification 500

um

According to (Fig. 9 a) cotton, polyester, and Lycra
fibres without laser treatment, which cotton fibre in
warp yarn. Polyester fibres have a smooth surface
compared to cotton fibres, which have wrinkles and
grooves. In (Fig. 9 b), the effect of laser beam power
on cotton and polyester fibre which the polyester
dissolves. In contrast, cotton fibre has a sponge-like
structure to merge and fuse the fibres, making them
weak fabric points. The fusion of polyester fibres and
cotton fibres at specific parts of the fibres forms small
grains because of the melting of the polyester fibres
and re-hardening them again [4]. The high energy did
not only affect the surface of the fibres, but also
partially eroded the cotton fibres and caused the
dissolution of a large part of the polyester fibres. The
higher the energy, the greater the damage to the fibres.
A study [4] indicated that increasing the laser energy
increases the melting rate of polyester fibres to reach
56%, which means melting a large percentage of the
threads to give a smooth surface and a greater depth of
engraving. From the (Figure.9b) the effect of the
engraving was not superficial on the fabric, but rather
it was a complete melting of the surface to disappear
the vision of the less affected fibres in the treated area
to show a large percentage of the melted polyester weft
fibres and the formation of a large percentage of gaps
on the cotton fibres and the loss of a large part of the
surface of the fibres to confirm the depth of the
engraving greater that reach to approximately 75% of
the surface of the fabric.
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The difference between the (Fig. 9 c-d) had the effect
of the fibre step variable. The impact of the step
(0.1mm) was more significant because of the
increasing the effect of the laser beam on the material.
It can be observed that there is a large area affected by
the laser beam that appeared in the formation of pores
on the surface of the fibres and the dissolution of the
polyester fibres due to the passage of the beam closer,
which means an increase in its effect on the fibres. At
(0.5mm). The surface effect of the fibres exposed to
the laser beam and the simple solubility of the
polyester fibres compared to the amount present in
(0.1mm) variable. The higher the step variable, the
reduce the effect of the laser beam on the fibres [28].

Polyester

Engrave
depth

_Untreated
polyester
fibers

Figure 10: Microscopic images (SEM) of sample
100% polyester (a) not laser effected polyester fibre
and fibres affect in power 40 W and speed 500 mm\s
with, magnification 200 um. (b-c) effect laser at
constant power 20 and speed 500 which (c) step
0.1mm and (d) step 0.5 mm with magnification 1mm.

As shown in (Fig.10 a), it can be obvious polyester
fibre after and before exposure to laser rays. Polyester
fibre appears clear and smooth in two kinds of shapes
lint fibre and filament fibre in warp and weft yarn. due
to intensity of laser power formed thin a cracked block
of polyester. The porosity of fabric surface change due
to melt polyester fibres therefore laser power has
strong effect [33]. The presence of these cracks
indicates the weakness of the fabric and its fragility
caused by the sever of the power of the laser beam.
The effect of the engraving was not superficial on the
fabric, as a large percentage of the fibres were fused
compared to the untreated fibres as a result of the high
laser energy, which means an increase in the depth of
the engraving to reach depth of engraving
approximately up to 75% of the surface of the fabric,
as shown in the (Fig.10a).Carbon dioxide laser is one
of the powerful lasers, so the energy level must be
adjusted to avoid the consequences of sever thermal
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damage to the polymers [34]. The higher the amount
of energy, the higher the melting degree of the surface
of the fabric from partial fusion to full surface fusion
[35]. When polyester fibres expose to high energy of
laser beam are started to thermal degradation. The
deterioration of polyester begins at a temperature
higher than the melting point (260 C). Below that, the
decomposition is slow due to the lack of oxygen below
the melting point. Produced groups free of carboxylic
acid and vinyl ester end-groups result of the random
cleavage of the group (-CH.-O-). The carbon
monoxide, carbon dioxide or ethyne can then be
produced result to the decomposition of the vinyl ester
end-group [32]. (Fig. 10 d-c) The dissolution rate of
the fibres varied according to the close and far of the
distance laser beam. The solubility ratio of fibres and
their fusion increased in step (0.1mm) more than
(0.5mm). The clarity of the untreated fibres is greater
for a sample (Fig. 10c) due to the passage of the laser
beam at a far distance between the beam and the other,
so the lower melting rate means less damage to the
fibres and the material.

4. Conclusions

. The study revealed different effects of laser
engraving technology on different fabrics. Laser
parameters have a strong impact on different research
fabrics. These effects were verified by detecting the
mechanical properties of fabrics and colour change.
Power and speed are the parameters that most affect
the fabric's fibre. An increase in power damages the
fabric; also, a low speed has the same effect on the
fabric.

. The step parameter's impact on the research
fabrics was significant. The measurement result for the
colour change of fabric, the yellowing surface
decreased with the increased speed at (S00mm/s) and
low power (20W), while the bright and clear engraving
effect at step(0.lmm) for 100% Cotton and
Cotton/polyester/ Lycra blended fabrics and at (0.1)
step for 100%polyester fabric .

. Tensile strength values generally decrease for
fabrics research. To be the best results for durability at
quality, engrave at close laser ray' s distance for the
variable (0.2mm) in both directions warp about
(16.85%) and weft about (66.09%) for 100%cotton
and about (64.08%) in warp and (69.25%) in weft
direction for Cotton/polyester/ Lycra blended fabrics.
For polyester fabric at (0.3mm/s), it decreases about
(6. 56%) in warp and (12.39%) in the weft.

. The elongation and tear strength test results
for optimum parameters on research fabric are
acceptable. Crease angle is reduced for 100% cotton
fabric and acceptable for 100%polyester fabric.

. SEM investigates the effect of parameters on
the surface structure of fibres. Finally, five designs of
the engraving technique were implemented on models
of clothes of different fabrics. According to the results
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of the study, laser engraving technology can achieve
not only unique aesthetic effects that serve the field of
fashion design but also surpasses many traditional
methods that require a waste of time and resources,
which makes laser technology more environmentally
friendly due to its flexibility in design control and the
accuracy of choosing parameters.
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