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contact angle and high adhesion. Fabrication on a glass surface with low water adhesion can
minimize the droplet's adhesion conduct self-cleaning, and improve the cleanliness of the glass
surface. This paper presents surface texturing of the soda-lime glass surface by laser processing
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three different patterns to improve water contact angle with low water adhesion on the modified KEYWORDS
glass surface. A design experiment method was developed to determine the effects of laser Laser texturing
parameters on the glass surfaces. The laser parameters used are laser power between 0.45 and Hydrophobic

1.05W and scanning speeds of 210, 420, and 600 mm/min. The effects of laser parameters on
surface morphology, water contact angle measurement, and average surface roughness, Ra were
investigated. The characterization was conducted for surface morphology, two-dimensional surface
roughness profile, and water contact angle. The results show that the highest water contact angle
obtained after laser texturing is up to 125.29° compared to the as-received surface with a contact
angle of 32.35°. The highest water contact angle resulted from 420 mm/min scanning speed and
0.45 W of laser power, responding to the surface with a minimum range of Rax and Ray of 0.96 and
1.5 ym. These findings are significant for designing surface modification of self-cleaning glass
surface applications like the automotive windscreens, and window panels for high-rise buildings.

Soda-lime glass
Water contact angle
Wenzel state

1.0 INTRODUCTION

Hydrophobic and superhydrophobic properties achieved on various material surfaces such as metals, glass, ceramics,
polymers, and composites can be fabricated with various methods, either chemically treated or modified physically [1] -
[3]. Application of modified hydrophobic surfaces is being applied for various industries and research-based scenarios
that require hydrophobic surfaces for better quality and results. Incredible improvement and functional performance of
hydrophobic surfaces led to more discovery and research [4]. Applications of glass surfaces like solar cells, car
windshields, mirrors, and window glasses for outdoor applications experienced water contact and exposure to sunlight
[5]. The surface is easily contaminated with dust particles along the glass surface during the rainy season [6]. Hydrophobic
properties have a self-cleaning effect when water contact is rolled off instead of pinned to the surface. The roll-off water
droplets collect dust particles attached to the surface thus improving the cleanliness of the glass surface [7]. Besides glass
surfaces, this property can be applied on various surfaces that require self-cleaning properties. This application can reduce
the cost of cleaning while maintaining less fouling on the surface [8].

Surface modification is a useful method to improve materials such as adhesion properties, hydrophobicity,
hydrophilicity, roughness, surface tension, and surface energy [9], [10]. Surface morphology is one of the important
properties of a material, along with the composition and structure of the material surface [11]. Surface composition and
structure are usually different from the bulk composition, where the surface atoms are surrounded by other atoms in all
directions, and then bonded to other atoms from one side, which results in surface energy [12]. Surface texturing is widely
used to provide beneficial functions by modifying the outermost layer [13]. Surface textured material can alter the surface
wettability by inducing roughness to attain hydrophobic, superhydrophobic, and omniphobic surfaces [14]. A
superhydrophobic surface can repel water at a larger contact angle of >150° [15] - [18]. Functional needs for automotive,
aerospace, marine, medical, nuclear reactor, textile, clinical diagnostic, and sensing applications drive the majority of
hydrophobic and superhydrophobic surfaces and coatings [19]. In nature, the lotus leaf is an icon of superhydrophobicity
with self-cleaning properties, as it is covered with wax and an abundance of micro-sized papillae that lead to surface
roughness [20]. The superhydrophobic metal surface has self-cleaning characteristics to prevent dust, rain, and fog
adhesion and excellent anti-fouling properties in textile industries. Because the adhesive forces between water and glass
are strong enough to pull water molecules out of their spherical configuration, water on clean glass tends to spread and
form a thin film over the glass surface. Thus, glass becomes hydrophilic toward water [21], [22]. A combination of
femtosecond laser irradiation and chemical treatment with a salinization solution has been shown in previous studies on
the hydrophobicity of soda-lime-silica glass surfaces to be able to change the surface from hydrophilic to superhydrophilic
and to hydrophobic, with contact angles ranging from below 20° to approaching 125° [23].
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Changes in surface roughness have been studied, and several methods have been used. When glass is textured at the
microscale, it creates a rough surface with features such as pillars, bumps, or ridges. These microfeatures alter the surface
topography, increasing the surface area and reducing the solid-liquid contact, thereby enhancing the hydrophobic
behavior. The presence of microfeatures on the glass surface can lead to the following effects such as surface roughness.
Researchers discovered that after texturing, the grooves' roughness varies depending on the laser settings. In turn, this
roughness affects wettability [23]. There are two processes used to generate hydrophobic surfaces, which are single-step
processes and multi-step processes [24]. Single-step processes create surface roughness and deposition of low surface
energy material in one step, while the multi-step processes have at least two steps which include surface roughening by
different fabrication methods and follow-up by modification of the roughened surface using low surface energy coatings.
The behavior of water droplets on a surface is affected by surface energies and wettability. A higher energy state of the
surface usually exhibits hydrophilic properties with a smaller contact angle, while lower surface energy results in a
hydrophobic surface with a higher contact angle [20]. Additionally, hydrophobic properties can be used as a preventative
step to reduce corrosion due to water. An experiment by Liu et al shows a reduction in the corrosion rate of the copper

surface by constructing microscale structures with superhydrophobic properties on the surface [25].

Various laser types have been reported in the laser texturing of glass surfaces for hydrophobic properties. Lin et al.
used a femtosecond laser with a wavelength of 1030 nm and a maximum average power of 40 W [26]. The parameter of
laser pulse varied from 20 pJ to 100 pJ, single pulse per point, and repeated 2 — 5 times with identical gradient on silica
glass surface with 99.99% purity. Multiple ultrafast laser pulse ablation processes produced micro-pit array with self—
organized nanostructures. Bing et al. used an amplified Nd: YVO, laser system with a wavelength of 1064 nm, output
power of 14 W, average pulse energy of 35 pJ, and spot size of 20um to produce periodic microgrooves [27]. Silica glass,
soda-lime glass, and solar glass have been reported for hydrophobic surface study. The contact angle of the as-received
glass surface is 57° which indicates hydrophilicity [28]. Using the laser irradiation process, the glass surface can be
modified into superhydrophilic or superhydrophobic. In this study, the soda lime glass surface was textured using a 450
nm wavelength laser for enhanced contact angle. The effects of laser parameters on textured soda-lime glass surface

roughness, morphology, and water contact angle (WCA) were investigated.

20 METHODOLOGY

The material used in this study is soda-lime glass, with a thickness of 1.0 mm and a dimension of 76x26 mm, with the
chemical composition given in Table 1. Sample processing was designed at four parameters, line distance, patterns,
scanning speed, and laser power. Patterns were selected as categorical factors compared to others that were set as
numerical; 3 levels were selected for numerical factor, line distance (in mm), laser power (in Watts), and scanning speed
(in unit mm/min), while the responses are WCA (in degree), and average surface roughness, Ra (in um). The glass surface
was textured with three different patterns as shown in Figure 1 where the perpendicular line distance between the patterns
differed as, in pattern 1 the line distance varies between 0 and 1.0 mm, whereas in patterns 2 and 3, the line distance is

fixed at 0.5 mm and 1.0 mm respectively.

Table 1. Chemical composition of glass
Si0, Na, O K, O Ca0 MgO Al O,

Fe,0, S0,

Oxides
wt.% 72.20 14.30 1.20 6.40 4.30 1.20 0.03 0.30
> 0.5 mm
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Figure 1. Laser textured soda-lime glass surface for (a) pattern 1, (b) pattern 2, and (c) pattern 3

Surface texturing of glass surface was conducted using a blue diode laser machine with continuous wave processing
mode, a laser wavelength of 450 nm, a maximum output power of 15 W, a laser spot area of 0.08 mm x 0.1 mm, and a
focal length of approximately 18 mm. The laser texturing setup is shown in Figure 2. A precise sample thickness is
required to ensure that the laser spot is focusing on the glass surface. Unprocessed soda-lime glass Will undergo a standard
clearing process [28] with ethanol and deionized water cleaning before furthering up for laser processing with the range
of parameters tabulated in Table 2 using the direct method of texturing as in Figure 2.

The WCA of the textured glass surface is measured using the sessile drop technique setup. The reagent used in this
experiment was Type Il reagent water (distilled) by ASTM D1193. The measured contact angles of water on the samples
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were conducted according to the Practice of ASTM D7334 using a Hamilton microliter syringe [29]. A water droplet
volume of 3.3 pl was deposited on the laser-textured glass surface and was measured rapidly (within 30 s of depositing
the drop) to avoid changes in angle as the water evaporated [30]. The water droplet images were captured and converted
to grayscale mode and then transferred to ImageJ software. Further analysis of water contact angle in ImageJ software
was carried out using the Low Bond Axisymmetric Drop Shape Analysis (LB-ADSA) plugin. The interface of Drop
Analysis software is shown in Figure 3(b).

Table 2. Design of experiment for laser texturing of glass surface
Standard Speed

Order (mm/min) Power (W)
1 210 0.45
2 210 0.75
3 210 1.05
4 420 0.45
5 420 0.75
6 420 1.05
7 600 0.45
8 600 0.75
9 600 0.75

Diode Laser
Laser beam

Glass E

Figure 2. Schematic diagram of laser texturing of glass set-up

Syringe

Light
s Modified
Class
Ta —

(@)

Figure 3. (a) Schematic setup of sessile drop test

Microscope USB
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Figure 3. (cont.) (b) The interface of Drop Shape Analysis for calculating water contact angle

The surface morphology and average surface roughness of textured glass were measured using a laser confocal
microscope according to the international standard 1SO 25178. The Olympus laser confocal microscope from the LEXT
line-OLS 5000 by Japanese Olympus was used to investigate the effects of laser parameters on crack formation for
different patterns and line distances. The surface profile was taken at three different sections along the x-axis which is
parallel with the laser direction and in the y-axis, which is perpendicular to the laser process direction, as shown in Figure
4. The grooves on the glass were measured using the Olympus BX53 upright microscope, it is an upright metallurgical
microscope with superior image clarity at 5%, 10x, 20x, 50x and 100x magnifications and for the glass sample, a 20x
magnification was used.

—_————* X

Figure 4. Surface profile measurement (x) parallel and (y) perpendicular to the laser direction

3.0 RESULTS AND DISCUSSION
3.1  Water Contact Angle

Laser-textured glass surface exhibits different WCA at different laser power and scanning speed. The resulting contact
angles can be seen in Table 3 where the flat unmodified glass surface has hydrophilic properties with a 32.35° WCA.
After texturing, the contact angle for each pattern increased up to 125.29°, 116.12°, and 101.18°, respectively. Overall,
the WCA increases after laser surface texturing, where the hydrophilicity of the glass surface is reduced, approaching
hydrophobic. Apart from laser parameters, the WCA was affected by the line distance between the patterns. The highest
WCA is in pattern 1 where the line distance varies between 0 and 1 mm. Whereas, in pattern 2, the WCA is lower as the
line distance is fixed at 0.5 mm. The lowest contact angle is in pattern 3 with a line distance of 1 mm.
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Table 3. Water contact angle of (a) unmodified glass surface, (b) laser textured glass at 0.45 W, (c) laser textured glass
at 1.05 W, and (d) laser textured glass at 1.05 W

(@) Unmodified Glass (b) Pattern 1 (c) Pattern 2 (d) Pattern 3

[

Lt e h 1 £ &
32.35° 125.29° 116.12° 101.18°

A relationship between WCA and laser power to scanning speed ratio is shown in Figure 5; the graph shows the value
of the ratio at the highest WCA for each pattern, for pattern 1 the highest WCA was at 1.07 ratio and the R? was at 0.9947
and for pattern 2 the highest WCA was at 1.75 ratios and recorded the 0.3677 R? value and at ratio 5.0 for pattern 3 had
the lowest value R?with 0.0428. R%value. R?also known as the coefficient of determination is a measure for measuring
linear regression models, it also indicates the percentage and measures the strength of ratio and WCA collectively on a
convenient 0 — 100% scale. As shown in Figure 5, pattern 1 explains 99% of the relationship while pattern 2 is 37%, and
pattern 3 with 0% represents the relationship but does not explain any of the variation of WCA and laser power to scanning
speed ratio.

The trend for patterns 1 and 2 is slightly similar because it recorded the lower ratio and indicated the highest WCA
and pattern 3 observed the higher ratio of the relationship with the highest WCA.. Varying laser power and scanning speed
significantly alter the water contact angle measurement, however, lower laser power may offer a greater water contact
angle. In Song et al. surfaces treated by the low-energy laser become more hydrophobic while at high energy laser,
resulting in more hydrophilic properties. It is proven by Song et al that the surfaces treated by the low-energy laser become
more hydrophobic while high energy laser results in more hydrophilic properties. The study shows that the energy affected
by the laser power and surface structure affected by the scanning speed, and the parameter of laser power had a larger
impact on the wettability compared to the scanning speed [31]. As laser power increases, the water contact angle decreases
compared to the as-received material as the work of adhesion energy increases when laser power density increases [32].

140
120 y =3.275x + 82.413 e Pattern 1
R2=0.0428
100 e Pattern 2
s e TR y =-30.67x + 154.67 Pattern 3
=5 T TN R2=0.9947
S TN
; 60 N Linear
(Pattern 1)
40 y=-4734x+ 147 e Linear
R2=0.3677 (Pattern 2)
20 Linear
(Pattern 3)
0

1.07 1.75 5.00
Power/Speed [ J/min ] (x107-3)

Figure 5. Water contact angle trend as a function of laser power to scanning speed ratio

Referring to pattern 1 in Figure 6(a), the WCA ranges from 63.95° to 125.29°. At 210 mm/min and 420 mm/min
scanning speed, the decreasing trend of WCA is observed as the laser power increases, while at 600 mm/min scanning
speed the WCA ranges between 76.19° (in sample 8) and 90.74° (in sample 9). A similar result was reported by Jing et
al. Factors like surface roughness, line distance, and pattern affect the wettability of laser-modified glass [33]. Sample 4
records the highest WCA of 125.29° at a laser power of 0.45 W and scanning speed of 420 mm/s. Sample 3 recorded the
lowest WCA of 63.95° at 1.05 W and 210 mm/s laser power and scanning speed respectively.
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Figure 6. Water contact angles of laser-textured glass surface corresponding to laser parameters, (a) Pattern 1, (b)
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For pattern 2 in Figure 6(b), the WCA range is between 43.65° and 116.12°. the WCA increases significantly with the
laser power at 600 mm/min scanning speed. At 210 mm/min and 420 mm/min scanning speeds, the WCA range is 43.65°-
101.24°. Samples with a lower WCA of less than 90° indicate that the laser-textured surface is in a hydrophilic state.
Sample 9 recorded the highest WCA at 116.12° with 600 mm/s and 1.05 W.

In Figure 6(c), the WCA for pattern 3 ranges between 65.87° and 101.18°. The laser-textured glass surface with pattern
3 shows an increasing WCA trend as the laser power increases when processed at 210 mm/min. Sample 3 records the
highest WCA of 101.18° at the highest laser power of 1.05 W. At 600 mm/s all samples are in a hydrophilic state as the
WCA <90°.

3.2 Surface Morphology

The surface morphology of laser-textured glass indicates the propagation of cracks due to laser parameters. Generally,
the higher laser power and low scanning speed produced maximum crack length, while at the lower power and higher
scanning speed exposure, the crack length range on the glass surface is minimal. Figure 7 shows the textured glass surfaces
at different laser powers at 0.45, 0.75, and 1.05W with scanning speeds of 210, 420, and 600 mm/min. The micrographs
were captured at 20x magnification to identify the effects of laser parameters on the glass surface, as shown by pattern 1,
pattern 2, and pattern 3 morphology in Figures 7(a) to 7(c), respectively. The crack formation was observed on the glass
surface; as the laser power increases, the finer crack lines propagate, and the glass is susceptible to cracking. In pattern 1,
a narrow crack length range of 170.29-194.40 um was measured at 0.45 W laser power; while for pattern 2, the crack
length ranges between 160.0 and 246.25 um. A wide range was measured in pattern 3 samples, where the crack length is
from 143.89 to 262.03 um. The maximum crack length range at the highest laser power varied in each pattern. Pattern 1
produced a maximum crack length range of 213.4-272.0 um. In patterns 2 and 3, the respective range is 172.5-306.3 um
and 227.5-268.03 pum. The results suggest that the cracks spread and increase in length to reduce the surface's overall
energy. Similar to previous studies shows that the crack formation was due to thermal stress during laser-surface
interaction. Higher power leads to thermal shock while lower speed enhances the crack propagation due to compressive
stress developed on the glass surface and tensile stress at the subsurface [34], [35].

The laser texturing produced grooves with varied widths; The heat-affected zone (HAZ) width is quite limited at low
laser power, as Figure 7(a) illustrates. However, as laser power increases, so do the HAZ breadth and fracture propagation.
All of the glass sample cracks have a seagull form, and one end of the crack propagates across the scanning direction;
samples 5 and 6 show a significant increase in cracks, but the cracks are connected like a chain. The long crack of a line
shape finally forms along the path of scanning at 0.75W, 1.05W, and 420 mm/min. Through laser processing, the
morphology of the glass surface is transformed into a groove shape as the scanning speed increases and the laser intensity
decreases. It is discovered that using a relatively modest scanning speed results in the groove having a very smooth
surface. The groove created has a highly rough morphology as the scanning speed is increased further, however, this
process condition does not nearly cause cracks around the groove [36]. Sample 4 shows burning at the groove and micron-
size bubbles are seen in sample 3. The burning reaction starts at the ignition temperature on the top, at the lowest
temperature at which an explosive atmosphere can ignite; thermal energy within the glass may cause thermal dissociation
and other chemical reactions involving the elements listed in Table 1 when the laser beam interacts with it. This could
produce oxygen gas, which could be the cause of the bubbles in the glass [36].

1

sasearom (sey)) 2amog

l Scanning Speed (mm/min) increases >

(a) Pattern 1

Radial crack

Figure 7. Surface morphology of laser textured glass surface at different laser parameters with various crack density
occurrence
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Figure 7(b) shows that the width of the HAZ at low power and speed has a high width compared to high power and
scanning speed. The degree of thermal diffusivity, which is based on a substance's thermal conductivity, density, and
specific heat in addition to the quantity of heat entering the material, affects the size of a HAZ. High thermal diffusivity
materials may transport heat fluctuations more quickly, which causes them to cool more quickly and reduces the HAZ
width. However, materials having a lower coefficient of thermal conductivity store heat, resulting in a wider HAZ. The
quantity of heat applied, the length of time exposed to heat, and the characteristics of the material itself all affect how far
the HAZ is extended. A material's HAZ is increased when it is exposed to more energy for a longer length of time [36].
All of the glass surfaces are prone to cracking; samples 1, 5, and 8 exhibit this with a seagull-shaped pattern, where tiny
cracks develop, while the other sample has massive growths of cracks that are connected like a chain and reach several
micrometers in size. As shown in the figure, sample 3 has an occurence of bubbles inside the glass after laser processing;
The diameter of the laser beam is significantly larger than the size of the ablation craters or bubbles. According to the
table, both the height and diameter of the bubbles grow as the incident laser intensity increases. However, there are minor
variations in the size of the bubbles because of the soda-lime glass's surface [36].

e Sih SRR

entric cracks

Radial and conc

sasearom (spey)) ranog

3) ) ®)

| Scanning Speed (mm/min) increases

(b) Pattern 2

~18, ak 2
Concentric cracks

Figure 7. (cont.)

Figure 7(c), as the laser power decreases and scan speed increases, the morphology of the glass surface is turned into
a groove shape through the material removal process, as shown in the figure. It is discovered that using a relatively modest
scanning speed results in the groove having a very smooth surface. As demonstrated in samples 6 and 7, under these
process conditions, a groove including thermal cracks is created. The groove created has a highly rough morphology as
the scanning speed is increased further, however, this process condition does not nearly cause cracks to form surrounding
the groove. Compared to other laser powers, low laser power had reduced HAZ. The microstructure and characteristics
of this region change and become different from those of the underlying material as a result of the heating that occurs
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within the HAZ. Depending on the material, these alterations may result in increased or decreased toughness, reduced
corrosion resistance, higher or lower strength, or a susceptibility to cracking. These changes are typically undesired.
Because of this, the HAZ is frequently a place where failures can happen [37]. Samples 6 and 7 both exhibit thermal
cracks, and the crack propagation for this pattern exhibits a similar seagull-shaped crack form for all samples.

saseandw (suey)) samod

@ ® ®)

© ®

[ 210 mm/min ] [420mmmi.u ]

| Scanning Speed (mm/min) increases >

(c) Pattern 3

Radial crack
Figure 7. (cont.)

3.3 Surface Roughness

The laser-textured glass surface is characterized by its average surface roughness, Ra. The range of profile parameters
obtained and the average value calculated are plotted on the graph of Figure 8. Surface roughness average, Ra measures
the average length between the peaks and valleys and the deviation from the mean line on the entire surface within the
sampling length. Rax represents the surface roughness average value parallel to the laser line direction, while Ray is the
value of the surface roughness average perpendicular to the laser line direction.

The R? range for pattern 1 was 0.2433 and 0.2475 representing only 24% of the relationship, and the range for pattern
2 was 0.0861 and 0.2513; from these values, the surface roughness is insignificant to WCA. The range for pattern 3 was
0.5685 and 0.6171; this represents that around 50 to 60% of the roughness slightly influences the WCA. Therefore, the
value of roughness observed in this experiment was inconsistent and did not affect the WCA because a surface that is too
rough can result in increased friction and premature failure of a part. The results show that surface roughness can be
related to the achieved wettability. The roughness of the specimen's surface improved its wettability. The hydrophilic
surface grows more hydrophilic as surface roughness increases, whereas the hydrophobic section becomes more
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hydrophobic as surface roughness increases [38]. This suggests the laser-textured glass surface is in a Wenzel state as the
droplets spread out within the rough surface. A study by Indira et al. also presented the same trend, where higher roughness
of the surface reduces the value of the WCA on the modified surface [39]. The trend of the WCA shows decrement
indicating that the adhesion work increases causing the WCA to become smaller. Increasing surface roughness allows a
larger solid-liquid interface which enhances the spreading work on the modified surface [40]. As scanning speed
increases, surface roughness diminishes, reaching maximum Ra values below 6 um. At low scanning speeds, the
discrepancies were more noticeable, while at high scanning speeds, the roughness stabilized at minimal levels.
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100.00 390
' 300 §
& 80.00 250 @
3 g
= 60.00 2.00 -§,
o
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(c) Pattern 3
Figure 8. Graph of WCA with surface roughness, (a) Pattern 1, (b) Pattern 2, (c) Pattern 3
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Figure 8(a) shows the plotted graph of WCA, and surface roughness in parallel and perpendicular to the laser line
direction against the laser parameter. The highest WCA is in sample 4 at a scanning speed of 420 mm/min and laser power
at 0.45 W has the lowest value of surface roughness Rax and Ray at 0.96 and 1.5 um. The lowest WCA at a scanning
speed of 210 mm/min and the highest laser power at 1.05 W show a vast gap between Rax and Ray values. Ray for sample
3 had the highest value at 3.84 um while for Rax at 2.26 pm. The smallest difference between the surface profile value
of parallel and perpendicular direction produces a higher WCA.

Figure 8(b) shows the relationship between WCA and roughness profile for pattern 2. At the lower scanning speed of
210 mm/min, the values of Rax and Ray are higher than 420 and 600 mm/min. Sample 3 recorded the highest value of
Rax and Ray at 2.72 and 5.03 um and the lowest WCA at 43.65°. For samples 5, 8, and 9 (sample processing conditions
at higher laser power and scanning speed), higher WCAs of 101.24°, 102.45°, and 116.12° were achieved, but lower
values of Rax and Ray compared to sample 3. The trend of Ra shows decreasing profile roughness as it approaches the
higher scanning speed and produces higher WCA.

The relationship between WCA and roughness profile for pattern 3 in Figure 8(c) shows sample 1 with the highest
value of Ray at 5.21 um and the lowest WCA at 63.87°. Sample 3 processed at a lower scanning speed and a high laser
power, has a slight decrease in Ray at 4.25 um and the highest WCA at 101.18°. The trend of Ra values shows an irregular
pattern with no correlation with the water contact angle measured. Therefore, the profile does not influence the WCA
measurement on the modified surface.

40 CONCLUSIONS

This experimental work and study investigated the effect of laser processing parameters on the surface wettability of
soda lime glass. According to our findings, the surface can change from hydrophilic to hydrophobic with a contact angle
of up to 125.29°. The highest WCA was measured on the glass surface that was textured with pattern 1 consisting of a
range of line distances between 0.14 and 1.00 mm. The respective line distance in patterns 2 and 3 was 0.5 and 1.0 mm.
These patterns produced the highest WCA of 116.12° and 101.18°, which is contributed by the line distance difference.
Patterns 1 and 2 produced a similar trend with increasing WCA at the highest scanning speed. During surface
modification, the effects of laser power and scan speed were examined. Upon observing the micrographs of the modified
glass surface, defects like bubbles and radial and concentric line cracks were observed on the laser-textured glass surface.
In addition, the crack length increases as the laser power increases. Also, the irregular surface profile of laser-textured
glass indicates the samples are in a Wenzel state, where higher surface roughness enhanced wettability that reduced the
WCA. To design possible engineering applications, like self-cleaning glass, this paper offers parameter recommendations
and a solid foundation for modifying the hydrophobicity of soda-lime glass surfaces with the use of laser texture
parameters. Therefore, choosing appropriate and optimal laser processing parameters is essential to determine whether
the result will be an improvement in surface wettability or the opposite. Future research will need to examine additional
variables that affect surface wettability, such as chemical composition and surface energy. However, surface wettability
can be transformed and changed by utilizing laser processing methodology to regulate the surface texture.
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