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Abstract

Super-hydrophobic is the tendency of a surface to spit out water droplets.
Only a surface with high apparent contact angle (>1500), low contact angle
hysteresis (<100), low sliding angle (<50), and strong Cassie model state
stability is considered a super-hydrophobic surface. In an attempt to create
highly hydrophobic synthetic surfaces suitable for a range of uses, attempts
have been made to mimic the super-hydrophobicity found in natural materials
(such as lotus leaves). Due to its wide range of applications including
waterproof, anti-fog, anti-ice and anti-corrosion surface, the laser processing
process achieved the use of process parameters which had a significant impact
on the roughness factor. High roughness factor F. At constant values of p = 3
mW and w = 10 um, at scanning speeds of 6000 mm/s.
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1. Introduction

Since the discovery of laser-induced periodic
surface structures (LIPSS), commonly referred to as
ripples by Birnbaum [1]. sometimes called surface
ripples, have been extensively researched since they
were initially identified in science almost as long as the
first laser was discovered. There was a surge in laser
development following the first generation of gas-
based lasers, such as CO2 or He-Ne, and soon after
the solid-state laser Nd: YAG.[2] A nanosecond (fiber,
Nd: YAG), laser parameters: wavelength A = 1064
since  then, Continuous  development and
diversification into a wide range of application
domains, including industrial, medical, military, and
scientific, among others, have demonstrated the great
potential of laser technology [3]. Many types of lasers
have been produced with not only advanced gain
medium but also innovative optical elements or
pumping techniques [4].

LIPSS is a phenomenon that can occur when
intense laser pulses are used to illuminate solid objects.
It develops as a result of the scattering or diffracted
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light near the surface interfering with the incident or
refracted laser light. The periodicities of the generated
formations exhibit a strong relationship with the
wavelength of the irradiating laser. With lasers of
various pulse durations such as nanosecond (ns), and
with various wavelengths from Ultraviolet (UV) to
Infrared IR [5] subject has become a perennial favorite
among scientists.

Numerous researchers were drawn to LIPSS
because of the widespread availability of laser pulses
and their capacity to produce periodic surface
structures with dimensions as small as the sub-100 nm
range. Alternatively, they were interested in LIPSS
because it allowed them to push the maximum size of
the periods, they could achieve to ever smaller
dimensions [6]. presented Separately, LIPSS industrial
applications have begun to take shape, capitalizing on
the technology's adaptability to create these surface
structures on  virtually any material (metals,
semiconductors, dielectrics, polymers, etc.) by using
moderately straightforward yet sufficiently reliable
processing setups [7].
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The wide range of functional responses that can be
"imprinted" on this technology is another, even more,
significant factor in the researcher’s and industry's
ongoing interest in It [8]. Due to the extraordinarily
high volume of scholatly publications on the subject,
we here refer to recently released reviews. demonstrate
how a material's ability to create a well-defined LIPSS
can differ significantly [9], even between materials that
belong to the same material class, Gnilitskyi et al [10].
said that after being exposed to linearly polarized laser
beams, practically any material can exhibit the
ubiquitous phenomena known as laser-induced
periodic surface structures, or ripples (LIPSS). A
summary of a few chosen LIPSS applications in the
domains of fluidics, mechanical engineering,
biomedicine, optics, and chemistry is provided Jérn
Bonse et al [11].

We investigated, examined, and contrasted the
surface characteristics of picosecond laser surface
compositions in water and air. Using a picosecond
laser, the substrates made of 316L stainless steel were
mounted [12]. In actuality, a high-power PS laser might
be used as a synthesis tool to create various structures
with various properties that could be modified for
various applications Fatema H. Rajab et al [13]. Three
techniques exist for laser engraving. These techniques
can be applied to different materials to modify their
geometry to create super-hydrophobic surfaces
Monan Liu et al [14]. Examination of the interface
qualities between the polymer composite and the steel
mold material, such as undesired adhesion. They
discovered that the recorded periodic surface patterns
were a function of the effective number of pulses,
pulse spacing, and cumulative flux M. Feinacuglea et
al. [15].

This research aims to study the effect of the
roughness factor at different levels of super-
hydrophilicity and  super-hydrophobicity. ~Some
working parameters were used for operations with a
small spot size ranging from 10 microns and a high-
speed fiber laser up to 6000 mm/s, and power 3 mW.

2.Experimental Work
2.1 Material Properties and Sample
Preparations

Forward 304L stainless steel sheets with

dimensions of 3cm x 3cm x 3mm (length x width x
thickness) are used in this work. Samples were dried in
the air and cleaned with ethanol and water before
being subjected to laser therapy. Table 1 shows the
results of the chemical composition test conducted in
the laboratory of the Central Organization for
Standardization and Quality Control (COSQC)
Baghdadai: (link length) is the distance between zi-1
and zi axes along the xi axis.
Table (1): The chemical composition of employed
stainless sheets

C% | Mn % (Si%| Cu% [P % | S% |Cr % [Ni%|N % Mo %| Al %

17.5-

0.07 | 2.00 |0.75| 0.131 |0.045| 0.030 195

8-10.5 0.10 | ----- | 97.2
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2.2 Laser Texture

A Q-switched fiber laser of type RFL-P (China)
with 1064um wavelength, 81ns pulse duration, 104W
max power, and frequency ranged between 20-80 kHz,
was used for the experiments (Figure 1).

Qawitching NOIYVAG
Inser

Laser beam
- Focusing lens

| |

| I-. Sample

Figure (1): The used system sketch

2.2 Experiments with different fluencies

A line scan is used for laser texturing. The lasers
were pointed towards a Theta fat field lens with a focal
length F = 100 mm then focused the sample onto a set
of x-y galvo. at different scanning speeds ranging from
(500-1000-2000-4000-6000) mm/s with the number of
passes ranging from 1 to 100. To increase overlapping
and investigate the effects of scanning speed and the
scanning periods on micro- and nano-structures, a
hatch distance of 10um was used. The impact of
process factors on the alloy's roughness characteristics
was examined by the use of one factor at a time
technique experiments. Table 2 lists the ranges of the
process parameters: power, spot size (w), and scanning
speed (v).

Table (2): parameters ranges.

Process Range Limits
Parameters low High
Power (mw) 0.5 5

® (mm) 10 100

v (mm/s) 500 6000

2.3 Optical measurement

Many tests were applied to characterize the
mechanical and structural characteristic of specimens
before and after process. Energy dispersive
spectroscopy  (AFM) and  scanning electron
microscopy (SEM) tests were used to analyze the
specimen's surface using the SEM and AFM
equipment were from InspectTM, Netherlands.

3. Design of Experiments

The Design Response Surface Methodology
(RSM) is a statistical and mathematical technique that
relies on the ability of the Design of Experiments
(DOE) to model and investigate any process in which
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the response is affected by input factors [16]. By
determining the values of the variables that result in
the optimal desired state of response, RSM can both
optimize and forecast the response in many process
vatiables [17-20].

In this work, DOE, data analysis, RSM model
construction, and process optimization through Box-
Behnken design (BBD) were all carried out using the
Design-expert  v13  software  package.  The
optimization makes it feasible to predict the optimal
process variables that provide the best rough surface.
The second-order generic polynomial model provided
a functional connection between the response surface
and the independent wvariables in RSM [21]:

Y=Ao+z B,-,-x,z
i=1 n

n
+Z- Z CijXiXjte. (1)

i=1 j=it+1

Where x; and xj are the independent variables, e is
the experimental/residual error, Y is the response, and
the sets Ao, Bii, and Cij are the linear, quadratic, and
interaction regression coefficients. BBD was applied.
It makes use of three independent input factors on the
surface roughness: power (P), laser spot size (w), and
scanning speed (v). The range of the input variable
needs to be prepared and established in order for the
program to suggest the quantity and group of input
variables for each trial. Table 3 shows the proper
coding levels together with the lower and higher limits
for each input variable. Experiments were carried out
to get response values that were later put in the
software. To visualize experimental data and detect
symmetry, outliers, heterogeneity, or dispersion,
perturbation graphs were employed.

The Perturbation chart in Figure 3 shows how the
three levels of each input parameter affect the
distribution and characteristics of the data. As
observed in Figure 3a, a high level of w shows more
variation in the quantities compared to the other two
parameters, P and v. However, the other two levels
show no effect of shorter whiskers or response
variability. As shown in Figure 3b, the most
pronounced variation of the wider whiskers and
roughness data can be distinguished for at least two
levels of v-parameters.

The values Roughness, which are denoted by the,
represent the responses. The retrieved experimental
findings for roughness were then loaded into DOE to
finish the data insertion procedure. The experimental
design  took three stages, three
independent input parameters (P, w, and v), and
seventeen experiments. Table 3 shows the results
show that experiments 7 and 10 are real. P of 5 mW
and ©010 um mm are the optimal operating parameters
for V values of 3250 mm/s for scanning, according to
the findings of both trials. speed. For these two sets of
experiment conditions, there was a documented
percentage increase in roughness of 70% and 69% in
comparison to the raw samples. correspondingly, 7
and 10.

into account
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Figure (2): The Perturbation graphs
Table (3): Roughness obtained at each input

parameter.
Factor A | Factor B | Factor C | Response 1
Run | A:Speed | B:Power |C:spotsize | Roughness

mm/s Mw pm Mm
1 6000 1 55 2.98
2 3250 1 10 3.22
3 500 3 10 3.82
4 3250 3 55 0.933
5 6000 3 100 0.75
6 6000 5 55 1.02
7 3250 5 10 4.107
8 3250 3 55 1.022
9 3250 3 55 1.021
10 6000 3 10 4.24
11 500 5 55 1.477
12 500 1 55 222
13 3250 3 55 0.911
14 3250 3 55 1
15 3250 5 100 0.667
16 3250 1 100 0.51
17 500 3 100 0.527

4.Results and Discussions:
4.1 Model Analysis

The Design Expert statistical software package was
used to build the statistical model and evaluate the
experimental data that resulted from it. Using BBD
based on RSM and three independent factors as input
variables and their interactions, response surface
models and their interactions were created. The
response surface was modified to reflect the findings
of the conducted tests. The models predict the
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responses noc for various permutations of the 4.2. ANOVA for Quadratic model
operating parameters P, w, and v. After removing a few Table (4): ANOVA for Quadratic model.
odd word and nominal word combinations, the Source | Sumof | df | Mean | F- -
appropriate model was created without aliased terms. Squares Square | value | value |
The A polynomial equation was computed to model Model RGN 2N I TIAT | 00020 | et
the response noc a function of the independent input ASpeed | 01779 | 1| 01119 | 04273 | 0.5540
parameters P, © and v: B-Pouer 03440 | 1| 03440 | 132 02890
Roughness = 0.9774 + 0.11825 A — 0.207375 B EE s I I s Il I

+ —1.616625C — 0.30425 AB AB 03705 | 1| 03703 | 142 0.2728

—0.04925 AC - 0.1825 BC

5 5 AC 0.0097 | 7| 00097 | 0.05771 | 0.8527
+ 0.57755A4° + 0.3693B
—0.7793 C? v s o (2) BC 01352 | 1| 01332 03095 | 0.4985
Using the one-way analysis of variance (ANOVA) A 40| 7| 140| 537 00536
test for the s1mph.ﬁed cubic model shown in Table 5, = T T s 220 aiae
the null hypothesis was evaluated and the statistically
. . . fad 256 | 1| 256| 978] 00167
significant differences between the variable means
were investigated. The created model's F value of Residual 183 7| 02615
11.42 suggests that it is a notable model. The Lack of 182 3| 06065 | 225,05 < | significant
likelihood that noise is the source of this high F value Ll 0.0001
. 0 . DPare 0.0105 | 4| 0.0027
is merely 0.01%. Both model terms are substantial Eror
based on the observed w value of 0.0001. Similar to Cor 2872 ] 16
this, combinations of input parameters were Total
determined to be inconsequential where the V values

were more than 0.5 for each of the three input
parameter durations. With a misfit F value of 0.42, the
misfit is not statistically significant in comparison to
the pure error. A fall in F value of this size has an
88.73% probability of being due to noise. A decent
model fit value is a non-significant lack of fit. The
modified R2 value of 2.98 has an excellent fit with an
R2 value of 0.26, which is near to unity, according to
experimental results and statistical analysis, RSM plots
3D graphs of the noc response as a function of two or
more input parameters. Figure 4 in the 3D histogram C: spotsize
and contour plot defines the Roughness values at a
combination of two input parameters for a given fixed s |
value of the third parameter. s
The effect of P, w, and V on the roughness factor
has been clarified. We notice from the drawings the
relationship of P and w, where we notice that as
decreases, it is about 10 micrometers. With the
decrease of P, we get the highest value with the
roughness, which is 5.4 micrometers. Regarding the 4900
relationship of w and V, we notice from Figure 3D that g
the more it increases. The speed v reached about 6000 o
mm/s with @ = 10 micro. We get the highest value
with the roughness of 5.4 The third figure shows the
relationship of P and V with almost a little influence
on the roughness factor, and this is what the statistical
analysis showed that the strongest factor affecting
roughness is w, where it was Giving it a lower value <
0.01 while the values of the two parameters P and V
were greater than > 0.01.

Roughness (mm)

B: Power (mw)

Roughness (mm)

Roughness (mm)

Figure (4): At scanning speed v is at its highest or
lowest points at » of 10 um, P of 3 mW, and » of
6000 mm/s.
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4.3. SEM and AFM

SEM images, AFM examinations, and microscopic
cameras were used to examine the morphology,
topography, and the water contact angle of the 304L
stainless steel sheets sutrface, respectively. The SEM,
AFM and the contact angle images of three different
behaviors are presented in Fig. 5, which presents that
the results give three types of laser-induced periodic
surface structures; interlocking, pitted, and flat
structures.

In Fig. 5a the surface appears pitted during 1W
power, 100 um spot size and 3250 mm/s speed, which
gives lowest surface roughness. On contrary, Fig.5b
presents highest surface roughness while irradiated
with 3W, 10 pm and 6000 mm/s traverse speed. On
other hand the 5W power, 55 um spot size and 3250
mm/s speed gives the middle surface roughness (Fig
5¢).

On the side of water drop stacking the first
parameters gives super-hydrophilic surface (Fig. 5a),
while super-hydrophobic surface appears in Fig. 5b,
and hydrophobic surface presented for the ¢ part of
Fig.5.

P=1W

»=100pum

v=3250
mm/s

()

P=3W
2 0=10pm
v=6000
mm/s

(b)

P=5W
®=55pum
v=3250

mm/s

©
Figure 5: SEM, AFM, and microscopic images
examination of the surfaces of three different
specimens: (a) P=1W, ©=100pm, v=3250 mm/s;
(b) P=3W, v=10p.m, v=6000 mm/s; and (c)
P=5W, w=55pm, v=3250 mm/s.

5.Conclusions

The following concluding observations are taken
from the present investigation:

The combination of process parameters has a
significant influence on the roughness factor. High
roughness factor in this research. At constant values of
p =3 mW and v = 10 um, at scanning speeds of 6000
mm/s. where Practical applications were performed
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on the samples after laser processing, and three
samples were selected out of 7 samples. After
examining the contact angle in the examination, it was
found that sample No. 7, which had the highest
roughness, was the representative. Super rabid either
3. Sample No. 12, which is less rough, and after
examining the contact angle with the water drop, it was
found that this surface is hydrophobic. 4. SEM and
AFM microscopic examinations were conducted on
three samples.

The results indicated that there were changes in the
roughness factor on the surface treated using the
process parameters and that the process was
completely cold without changing the phase.
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