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Superhydrophobic surfaces are widely used in various fields because of their excellent properties and 
are currently an important research hotspot. Here, we developed a simple method and successfully 
prepared a functional surface with superhydrophobic properties. The relationship between laser 
process parameters on the surface morphology and wettability properties of stainless steel mesh 
was systematically investigated, and the surface corrosion resistance, mechanical stability, and 
self‑cleaning properties of superhydrophobic stainless steel mesh were explored. The results show 
that under laser ablation with optimal process parameters, the surface of the superhydrophobic 
SSM has a large number of laser‑induced periodic micro‑nano corrugated structures, which store a 
large amount of air in the structure to form a layer of air cushion, reducing the contact between the 
surface and the corrosion solution, improving the corrosion resistance of the SSM, and also showing 
excellent performance characteristics in terms of mechanical stability, time‑sensitive, and self‑cleaning 
performance.

Introduction
Inspired by biological surfaces such as lotus leaves [1] and 
water striders [2], superhydrophobic surfaces with high Water 
Contact angles (WCA > 150°), and low sliding angles (SA < 10°) 
have received much attention from academia and industry [3, 
4]. Superhydrophobic surfaces have a wide range of potential 
applications in the fields of oil–water separation [5, 6], anti-icing 
[7, 8], and water collection [9, 10].

So far, many authors have used different methods to suc-
cessfully prepare superhydrophobic surfaces on different 
material surfaces. For the preparation of superhydrophobic 
surfaces, two basic factors play an important role: appropri-
ate micro-nanostructures and low surface energy. At present, 
the main methods for preparing superhydrophobic surfaces 
include electrochemical deposition [11, 12], chemical etching 
[13, 14], anodic oxidation [15, 16], sol–gel method [17–19], 
and laser ablation [20–22]. Some of these methods do not 

have a strong bond between the constructed microstructure 
and the substrate, and the material surface is damaged by 
external influences (including mechanical stress and chemi-
cal contamination), which limits the application of materi-
als whose surface microstructure is susceptible to wear and 
tear damage, or even fall off in. In this paper, laser ablation 
technology is used to construct micro- and nanostructures. 
Laser processing methods have gained widespread atten-
tion in recent years because of their advantages, such as high 
precision, high process flexibility, high automation, and low 
environmental pollution. Yong et al. [23] treated stainless steel 
mesh by femtosecond laser processing, and the mesh surface 
showed micro-sub-micro-nano-level structure after laser abla-
tion and successfully prepared aerobic surface. Lian et al. [24] 
prepared robust microstructure on 304 stainless steel mesh 
(SSM-WJALA) by laser ablation technique, and single-factor 
testing of different laser parameters on the surface of stainless 
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steel mesh. Wang et al. [25] established a rough oxide coating 
with micro/nanoscale structure on 304 stainless steel mesh 
(SSM) by laser ablation and investigated the effect of a single 
laser parameter on the surface morphology and wettability. A 
review of the relevant literature shows that laser ablation of 
stainless steel mesh surfaces is rarely reported, and systematic 
studies of laser parameters on surface morphology and wet-
tability are even less reported.

Superhydrophobic surfaces have excellent performance 
properties mainly including corrosion resistance [26, 27], anti-
icing [28–30], and Self-cleaning stain removal [31–38]. Super-
hydrophobic surfaces with excellent properties can be prepared 
by a simple process for mass production and application. Tan 
et al. [39] have applied superhydrophobicity to outdoor applica-
tions, such as windshields and lenses, demonstrating excellent 
self-cleaning, and anti-fogging properties of superhydropho-
bicity. R Wu et al. [40] successfully prepared aluminum alloy 
surfaces with microstructures by anodic oxidation. The CA of 
the aluminum alloy surface after coating with polypropylene 
film was 154° and the SA was 3°. The corrosion resistance of 
the modified superhydrophobic aluminum alloy was improved 
compared to the aluminum coated with unmodified film. C Hu 
et al. [41] prepared superhydrophobic coatings on carbon steel 
substrates using electrodeposition, and the surfaces showed 
good mechanical and chemical stability based on tests of knife 
scratching, tape peeling, sandpaper abrasion, and chemical 
resistance. J Zhang et al. [42] prepared superhydrophobic ice-
resistant aluminum sheets using hydrothermal method on 
aluminum sheets with anti-icing and self-cleaning surfaces. 
The need to maintain long-lasting corrosion resistance and 
mechanical stability properties of superhydrophobic surfaces 
in relevant environments is an urgent issue to be addressed.

In this paper, we propose a simple and general method 
to prepare superhydrophobic surfaces on SSM. The superhy-
drophobic surface was prepared by laser ablation of the SSM 
surface to form a large number of micro and nano corrugated 
structures and combined with stearic acid solution modifica-
tion. The effect of different laser parameters (power density, 
scanning speed, scanning interval) on the surface morphol-
ogy and wettability of the SSM was studied by the controlled 
variable method in the experiments. The reaction of the sur-
face of the SSM with stearic acid and the effect of chemical 
elements on the wettability of the surface were studied. The 
electrochemical corrosion test showed that the surface of the 
superhydrophobic SSM has excellent corrosion resistance due 
to the presence of micro-nano ripple structure on the surface. 
After 60 days of time sensitivity and self-cleaning tests, the 
WCA on the surface of the superhydrophobic SSM can still 
reach more than 150°, which indicates that the prepared supe-
rhydrophobic SSM has good stability.

Results and discussion
Surface morphology and wettability

The effect of laser power density on SSM morphology 

and wettability

To investigate the effect of laser power density on the morphol-
ogy and wettability of SSM, under the same other parameters 
(scanning speed of 150 mm/s, scanning interval of 20 μm), the 
scanning power density of 3.82 ×  106 W/cm2, 4.77 ×  106 W/cm2, 
5.73 ×  106 W/cm2, and 6.68 ×  106 W/cm2 (power selected as 
40%, 50%, 60%, 80%) of four sets of parameters was to prepare 
superhydrophobic SSM and analyze its surface morphology and 
wettability results.

Fig. 1(a–e) corresponds to the surface morphology of the 
laser power density of 3.82 ×  106 W/cm2, 4.77 ×  106 W/cm2, 
5.73 ×  106 W/cm2, and 6.68 ×  106 W/cm2 and untreated macro-
scopic SSM with a laser scan area of 1  cm2, respectively. From 
the figure can be seen that gray–white is for the original SSM 
and black belongs to the laser ablation area, which is caused 
by laser ablation of SSM after surface oxidation. Due to the 
increase in laser power density, resulting in increasing energy 
per unit area, making the depth of stainless steel mesh ablation 
increases and the color of the material surface becomes darker 
and darker. Figure 1(a1–a3), (b1–b3), (c1–c3), and (d1–d3) 
shows SEM images of the laser-ablated SSM at different magni-
fications. As shown in Fig. 1(a2–d2), with the increase of laser 
power density, the metal wire surface is covered with periodic 
micron ripple structure (PMRS) from scratch to existence, and 
the micron ripple period is about 1 μm. The PMRS is gener-
ated due to the interference between the incident laser beam 
and the scattered laser beam during laser ablation. Meanwhile, 
as shown in Fig. 1(b3–d3), on the PMRS and accompanied by 
the generation of nanoparticles. This is due to the emergence of 
nanoparticles on the PMRS by the plasma jet generated by the 
low power density spot edge ablation during spot movement 
and finally the micro-nano double-scale structure formed on 
the surface of the SSM, which increases the surface roughness 
compared to the untreated [Fig. 1(e1–e3)] surface of the SSM. 
Therefore, this micro-nano double-scale structure is formed by 
the uneven distribution of laser power density of the laser spot 
and the motion of the laser spot. When the laser power density 
is lower than 3.82 ×  106 W/cm2, only nanoparticles will appear 
on the surface of the SSM and no PMRS will appear.

In order to investigate the relationship between surface mor-
phology and wetting properties, we also measured the WCA 
and SA of the surface of SSM modified by stearic acid at differ-
ent laser power densities. Figure 1(f) shows the plot of WCA 
and SA versus laser power density. The SSM surfaces under four 
sets of laser parameter ablation and after stearic acid modifica-
tion have hydrophobic properties with WCA exceeding 145°, 
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partially reaching superhydrophobicity. With the increase in 
power density WCA increases SA decreases, when the power 
density of 5.73 ×  106 W/cm2, at this time reached the optimal 

performance, WCA of 157.5 ± 1° and SA of 4 ± 0.5°. When the 
power density is higher than 5.73 ×  106 W/cm2, as the power 
density increases the WCA decreases the SA increases. The 

Figure 1:  The relationship between 
power density and surface 
morphology and WCA. (a–e) The 
macroscopic surface morphology 
of laser-ablated SSM at different 
power densities; (a1–e1), (a2–e2), 
and (a3–e3) are the microscopic 
SEM of laser-ablated SSM at 
different power densities with 
magnifications of ×1000, ×10000, 
and ×50000, respectively.
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surface of the laser-ablated and stearic acid-modified SSM 
exhibits hydrophobicity and with the increase of power density 
leads to the generation of PMRS, which increases the rough-
ness of the surface and makes the WCA of the surface increase 
continuously. However, the laser power density is higher than 
5.73 ×  106 W/cm2, as shown in Fig. 1(d1), laser over-ablation of 
the SSM surface destroyed part of the periodic micron ripple 
double-scale structure, resulting in a decrease in the WCA on 
the surface of the SSM. The WCA on the surface is still as high 
as 155.4 ± 2° because of the micro-nano double-scale structure 
still present on the surface.

The effect of laser scanning speed on SSM morphology 

and wettability

As shown in Fig. 2, under the same parameters (power density of 
5.73 × 106 W/cm2 and scanning interval of 20 μm), four groups 
of parameters with scanning speeds of 100 mm/s, 150 mm/s, 
200 mm/s, and 250 mm/s were selected to prepare the superhy-
drophobic SSM for comparative analysis of the surface morphol-
ogy and wettability.

Figures  2(a–d) shows the surface morphology of the 
macro MMS under different laser scanning speeds. The black 
part of the SSM is the laser processing area, and the process-
ing area is 1  cm2. It is obvious from the figure that the black 
area gradually becomes lighter, which is due to the decreasing 
energy in the laser processing area, resulting in the decreasing 
laser removal depth and the increasing reflection of light. Fig-
ures 2(a1–a3), (b1–b3), (c1–c3), and (d1–d3) show the SEM 
images of the laser-ablated SSM at different magnifications at 
different scanning speeds. As the scanning speed increases, 
the laser-induced PMRS on the surface of the SSM changes 
from present to absent, as shown in Fig. 2(a2–d2). As shown 
in Fig. 2(a3–d3), the formation of PMRS and the deposition 
of nanoparticles on the SSM can be observed at the scanning 
speeds of 100 mm/s and 150 mm/s, and the period of the rip-
ple structure is 800 nm–1100 nm. Compared to the untreated 
[Fig. 2(e1–e3)] SSM surface, the laser-ablated surface formed a 
micro-nano double-scale structure, which greatly improved its 
surface roughness. However, at scanning speeds of 200 mm/s 
and 250 mm/s, the depth of the laser-induced periodic micro-
nano double-scale structure surface was reduced or appeared as 
nanoparticles on the surface.

Figure 2(f) shows the relationship between laser scanning 
speed and WCA and SA. After in laser ablation and stearic acid 
modification of the SSM surface, the WCA are more than 145°, 
with high hydrophobicity, partly reaching superhydrophobicity. 
The figure shows that the CA increases with increasing scanning 
speed when the scanning speed is below 150 mm/s. When the 
scanning speed is 150 mm/s, the surface has the best perfor-
mance at this time, showing superhydrophobicity with a WCA 

of 157.1 ± 1.5° and SA of 3 ± 0.5°. From both Fig. 2(a2) and (b2), 
it can be found that both have periodic micron ripple and micro-
nano double-scale structures, but it can also be clearly seen that 
the grooves between the PMRS in Fig. 2(a2) are too large com-
pared to the structure in Fig. 2(b2), and in the same case, the 
measured droplets on the surface may appear to penetrate into 
the grooves, reducing the WCA of the surface and increasing 
the SA. When the scanning speed exceeds 150 mm/s, the WCA 
decreases as the scanning speed increases. Few or no PMRS can 
be seen in Fig. 2(c2–d2); however, in Fig. 2(c3–d3) it can be seen 
that there are nanoparticles, so there is still a high hydrophobic 
property on the surface.

The effect of laser scanning interval on SSM morphology 

and wettability

As shown in Fig. 3, the morphological and wettability char-
acteristics of laser-ablated SSM surfaces at different scanning 
intervals (10 μm, 20 μm, 30 μm, and 40 μm) were compared 
and analyzed with the same other parameters (power density of 
5.73 ×  106 W/cm2 and scanning speed of 150 mm/s).

Figures  3(a–e) shows the macroscopic morphology 
with scanning intervals of 10 μm, 20 μm, 30 μm, 40 μm, and 
untreated, respectively. As shown in Fig. 3(a–d), the color of the 
SSM surface decreases from darker to lighter, this is due to the 
fact that when the scanning interval is small, some of the surface 
will cause a secondary scan. In the same area of laser irradiation, 
more number of pulses will lead to different depth of laser abla-
tion and the degree of reflection of light is constantly enhanced, 
so the surface color is darker. Figures  3(a1–a3), (b1–b3), 
(c1–c3), and (d1–d3) show the SEM images of the laser-ablated 
SSM surface at different scanning intervals with different mag-
nifications. The specific differences in morphology cannot be 
clearly seen in Fig. 3(a1–d1), but the differences in surface 
structure can be easily seen in Fig. 3(a2–d2) and (a3–d3). With 
increasing scanning interval, the laser-induced periodic micron 
ripple structure on the SSM surface changes from present to 
absent. When the scanning interval is 10 μm–30 μm, there is a 
PMRS on the SSM surface, and the period of its ripple structure 
is about 1 μm. As shown in Fig. 3(a3–c3), the laser-induced 
periodic micron ripple structure has nanoparticles on the sur-
face, which greatly increases the surface roughness compared to 
the untreated [Fig. 3(e1–e3)] SSM surface. However, when the 
scanning interval is 40 μm, the surface PMRS is not obvious or 
absent, but the nanostructure is still present on the surface, as 
shown in Fig. 3(d3).

As shown in Fig. 3(f), the relationship between different 
scanning intervals and the CA and SA is explored. As can be 
seen from the figure, the WCA of the SSM surface exceeds 145° 
at different scanning intervals, which has excellent hydropho-
bic properties. When the scanning interval is 10 μm–30 μm, 
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the WCA exceeds 150°, when the SSM surface has superhy-
drophobicity. When the scanning interval is less than 20 μm, 
the WCA increases with the increase of the scanning interval, 

when it reaches 20 μm, the best characteristic of the SSM sur-
face at this time, the WCA is 157.5 ± 1.5° and the SA is 3 ± 1°. 
When the scanning interval is 10 μm–20 μm, the surfaces all 

Figure 2:  Relationship between 
scanning speed and surface 
morphology and WCA. (a–e) 
Macroscopic surface morphology 
of laser-ablated SSM at different 
scanning speeds; (a1–e1), (a2–e2), 
and (a3–e3) are microscopic SEM of 
laser-ablated SSM at different scan-
ning speeds with magnifications 
of ×1000, ×10000, and ×50000, 
respectively.
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Figure 3:  Relationship between 
scanning interval and surface 
morphology and WCA. (a–e) Mac-
roscopic surface morphology of 
laser-ablated SSM at different scan-
ning intervals; (a1–e1), (a2–e2), 
and (a3–e3) are microscopic SEM of 
laser-ablated SSM at different scan-
ning intervals with magnifications 
of ×1000, ×10000, and ×50000, 
respectively.
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have micro-nano double-scale periodic micron ripple struc-
tures. However, the width and depth of the grooves between 
the PMRS are wider and deeper when the scanning interval 
is 10 μm than when the scanning interval is 20 μm, as can be 
seen in Fig. 3(a2–b2) and (a3–b3). This causes droplets on the 
surface to soak into the microstructure, creating a large adhe-
sion force on the surface, decreasing the WCA and increasing 
the SA. When the scanning interval exceeds 20 μm, the WCA 
decreases with increasing scanning interval at this time. As 
shown in Fig. 3(c2–d2), the surface WCA decreases and the SA 
increases due to the reduction or absence of the PMRS on the 
surface, but the presence of nanoparticles on the surface can be 
seen in Fig. 3(c3–d3), and the surface can still surface excellent 
hydrophobicity after the stearic acid modification.

SSM surface chemical composition analysis

In order to investigate the reaction of the SSM surface and the 
influence of chemical elements on the wettability of the surface, 
as shown in Fig. 4, we carried out EDS energy spectroscopy 
and SEM–EDS spectroscopy measurements on the SSM sur-
face, from the figure found that the surface chemical elements 
were uniformly distributed on the SSM surface. As shown in 
Fig. 4(a), the elemental content of the original SSM surface in 
the elemental content of Fe accounted for 67.28%; C and O con-
tent accounted for less; at this time the WCA of the surface is 
105.4°, the surface has poor hydrophobic properties. During 
the picosecond laser ablation process, high temperatures and 
pressures are generated in the processing area, causing oxides 
to form on the SSM surface. As shown in the table in Fig. 4(c), 
the content of C and O on the surface increases and the content 
of Fe decreases. The brightness of the elements in the elemental 
spectrograms from Fig. 4(a, c) can also be seen that the content 
of O increases and the content of Fe decreases, at which time 
the water contact angle of the surface is 36.7°, with a strong 
hydrophilicity, which is due to the large surface energy of the 
surface, making the water droplets directly from the SSM holes. 
Figure 4(b) shows the energy spectra of the SSM surface after 
laser processing and stearic acid modification and its elemen-
tal distribution spectra. Compared with the Fe and O spectral 
peaks in Fig. 4(b) and Fig. 4(a, c), it can be clearly found that 
the elemental peak height of Fe element decreases and that of O 
element increases. From the elemental content table in Fig. 4(b), 
we can see that the content of O is much higher than that in 
Fig. 4(a, c) with a percentage of 29.68%, while the content of 
Fe is much lower than that in Fig. 4(a, c) with a percentage of 
45.27%. It can also be seen from the spectrograms that the O 
elemental graph in Fig. 4(b) is brighter than the O elemental 
graph in Fig. 4(a, c), and the Fe elemental graph in Fig. 4(b) is 
darker than the Fe elemental graph in Fig. 4(a, c). The WCA of 
the SSM after laser ablation and stearic acid modification was 

156.1°, confirming the successful modification of stearic acid 
on the SSM surface Experiments performed on the surface of 
an original SSM immersed in a stearic acid solution yielded a 
WCA of 115.1°.

Electrochemical property analysis 
of superhydrophobic SSM

For the SSM in the oil–water separation process, the water envi-
ronment exists in a complex and diverse situation (which may 
contain acid, alkali, salt substances), and SSM in this environ-
ment for long-term use will lead to a certain degree of corro-
sion on the surface of SSM, thus affecting the performance and 
working life of SSM.

Figure 5 shows the dynamic potential polarization curve of 
SSM in 3.5% NaCl solution, and the specific parameters obtained 
after linear fitting are shown in Table 1(Supplementary Informa-
tion). SSM will develop pitting corrosion in solutions containing 
 Cl−, which will increase the corrosion efficiency and accelerate 
the destruction of the surface. In the table, the self-corrosion 
potentials of untreated and stearic acid-treated SSM mesh are 
− 0.454 V and − 0.289 V, respectively; the self-corrosion current 
densities are 6.32 ×  10−6A  cm−2 and 1.25 ×  10−6A  cm−2, respec-
tively. In comparison, the self-corrosion potential and self-cor-
rosion current density on the surface of superhydrophobic SSM 
are significantly higher than those on the surface of untreated 
SSM, which shows that superhydrophobic SSM has excellent 
properties in terms of corrosion resistance. Analysis of it causes 
the existence of a large number of laser-induced periodic micro-
nano double-scale structure on the surface of the superhydro-
phobic SSM, the structure of which stores a large amount of air, 
making the surface of the SSM to form a layer of air cushion; air 
cushion as a dielectric prevents the transfer of electrons between 
the SSM and the electrolyte, reducing the contact between the 
surface and the corrosive solution; stearic acid will also form a 
molecular film on the surface to effectively protect the surface 
of the SSM from corrosive solutions, thereby improving the cor-
rosion resistance of the SSM.

Mechanical and chemical stability analysis 
of superhydrophobic SSM

Mechanical stability is an important indicator of superhy-
drophobic SSM in practical applications. The mechanical 
stability of the material is verified both by testing the wet-
tability of the surface of the superhydrophobic SSM after 
abrasion. When the WCA of the material surface after testing 
wear is greater than 150°, the material surface still main-
tains the superhydrophobic characteristics; when the WCA 
of the material surface after testing wear is less than 150°, the 
material surface loses its superhydrophobic characteristic. 
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Figure 6(a) shows a picture of the SSM grinding device. The 
superhydrophobic SSM was placed on 1000-mesh sandpaper 
for abrasion and a 100 g weight was placed on the sample and 
stretched to 12 cm in one direction to assess the stability of 
the surface by the WCA of the sample surface after abrasion. 
As shown in Fig. 6(b), the overall WCA of the worn SSM 
showed a decreasing trend with the increase of the number of 
cycles. After 20 cycles of wear, the CA between the SSM and 

water decreases from 157.5 ± 1 to 148.6 ± 2°, and the WCA 
of the surface is still above 145°, which indicates that the 
surface of the superhydrophobic SSM has excellent mechani-
cal properties. As shown in Fig. 6(c–d), some scratches on 
the surface of the SSM before and after wear can be clearly 
observed in the figure, and the microscopic morphology of 
the SSM surface before and after friction is observed using 
scanning electron microscopy. Figures 6(c1–c2) and (d1–d2) 

Figure 4:  EDS spectra and SEM–EDS spectra of SSM surface. (a) EDS energy spectrum and SEM–EDS spectrum of the original SSM surface; (b) EDS 
energy spectrum and SEM–EDS spectrum of the SSM surface after laser ablation and stearic acid modification; and (c) EDS energy spectrum and SEM–
EDS spectrum of the SSM surface after laser ablation.



 
 J

ou
rn

al
 o

f M
at

er
ia

ls
 R

es
ea

rc
h 

 
 V

ol
um

e 
38

  
 I

ss
ue

 1
2 

 J
un

e 
20

23
 

 w
w

w
.m

rs
.o

rg
/jm

r

Article

© The Author(s), under exclusive licence to The Materials Research Society 2023 3144

can be observed that the laser-induced periodic micron 
corrugated structure of the SSM after wear has significant 
wear, but still has a certain micro-nano rough structure, so 
it maintains stable mechanical properties before and after 
friction.

In actual use, in the face of the severe environment that 
may be encountered, the corrosion resistance of superhydro-
phobic SSM is an important factor whether it can be used 
properly. Preparation of pH = 3 HCl solution and 3.5-wt% 
NaCl solution as acidic and seawater corrosion solution (due 
to the substance that reduces the surface energy of SSM is 
stearic acid, which will react with alkali, superhydrophobic 
SSM is not suitable for testing in alkaline solution), the supe-
rhydrophobic SSM is immersed in the corrosion solution and 
left for 120 h (measure the WCA of SSM surface every 4 h), 
used to detect the chemical stability of the surface, and to 
explore the law of WCA change and its corrosion resistance 
potential.

As shown in Fig. 7(b), the surface WCA of the superhy-
drophobic SSM immersed in HCl solution and NaCl solu-
tion keeps decreasing, before 60 h of immersion, the surface 
WCA of the superhydrophobic SSM is above 150°, and after 
60 h of immersion in HCl solution, SSM WCA is less than 
150°; however, it keeps above 145°, while the WCA of the SSM 
immersed in NaCl solution WCA has been maintained above 
150°. The reason for the reduction of the WCA is as the corro-
sion solution enters part of the stainless steel mesh, oxidation 
will occur on the WCA wire. On the one hand, the SSM is cor-
roded [Fig. 7(c, d)]; on the other hand, there are also residual 
NaCl crystals on the surface [Fig. 7(d)], both of which will 
lead to a reduction in the WCA of the surface. The surface can 
still maintain the superhydrophobic properties of the reason: 

on the one hand, the superhydrophobic SSM surface of the 
laser-induced periodic micro-nano corrugated double-scale 
structure stored in a large amount of air, so that the surface 
of the SSM forms a layer of air cushion, this air cushion is to 
prevent direct contact between the corrosion solution and the 
surface of the SSM and to protect the surface of the SSM from 
corrosion solution; on the other hand, in the process of cor-
rosion of the surface will Produces an oxide film, preventing 
further corrosion of the SSM.

Time‑sensitive property testing

In practical applications, the ability of the prepared superhy-
drophobic SSM surface to have long-term superhydrophobic 
property in air is very important for its application. Therefore, 
testing the stability of superhydrophobic SSM for long storage in 
air needs to be extra important, and the superhydrophobic dura-
bility of SSM can reflect its working life. In this experiment, the 
prepared superhydrophobic SSM is placed in an air environment 
(among the main parameters of the air in the laboratory are the 
temperature is maintained at about 25 °C and the air humidity 
is maintained at 30% HR) and kept at room temperature for 
60 days, and the WCA on the superhydrophobic SSM surface 
is measured every 5 days to investigate whether the surface of 
the superhydrophobic SSM can maintain superhydrophobicity 
for a long time.

Figure 8(a) shows the relationship between the WCA and 
SA of the superhydrophobic SSM surface and the number of 
days. In the figure, with the increase of the number of days, the 
WCA shows a decreasing trend and the SA shows an increasing 
trend. The CA and SA of the surface changed slightly in the first 
15 days, but there was almost no change, and the surface of the 
SSM kept good superhydrophobicity. By day 60, the CA and SA 
were 151.3° and 8°, respectively. The surface of the superhydro-
phobic SSM specimens remained excellent superhydrophobicity 
after 60 days in air. The WCA decreases and the SA increases 
for this reason. On the one hand, the SSM was placed in the 
air, the air in the micro-nano particles or dust deposited on the 
surface of the superhydrophobic SSM, resulting in the specimen 
surface of the gray layer on the low surface energy alkyl part of 
the coverage; on the other hand, the surface of the SSM and air 
contact resulting in part of the SSM surface is oxidized resulting 
in a slight decrease in the CA and a slight increase in the SA, as 
shown in Fig. 8(b–d).

Self‑cleaning property testing

Self-cleaning is an important feature of superhydrophobic sur-
faces and excellent self-cleaning is one of the advantages of 
superhydrophobic materials. Contaminants such as dust and 

Figure 5:  Dynamic potential polarization curves of untreated and stearic 
acid-modified SSM.
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dirt on the material surface can be washed away by water, which 
in a sense can represent the lifetime of the material surface. For 
this purpose, I conducted self-cleaning experiments, and Fig. 9 
shows the flowchart for self-cleaning of superhydrophobic SSM 
surfaces. As shown in Fig. 9(a), the superhydrophobic SSM 
specimen is placed in a Petri dish and pre-set carbon powder 
on it; Fig. 9(b–c) shows the liquid droplets were sucked with a 
microsyringe and made to roll down the surface to take away 
the carbon powder on the surface. Figure 9(d) shows that as the 
water droplets roll, the carbon powder is easily washed away and 
the water droplets do not wet the surface of the SSM. This is due 
to the micro-nano hierarchical rough structure of the surface of 
the superhydrophobic SSM will capture a large amount of air, 
which will play a supporting role for the water droplets that come 

into contact with the surface of the SSM. In addition, because 
the surface of the superhydrophobic SSM has a low surface ten-
sion, water droplets in contact with the surface of the SSM is first 
spread because of inertia and then aggregated to form a spherical 
shape. The process of spreading and aggregation of water drop-
lets will collect the contaminated debris on the surface of the 
SSM and then leave the surface of the SSM as the water droplets 
roll down. As shown in Fig. 9(e), the water droplets immediately 
adsorbed on the surface of the original SSM specimen upon con-
tact with the surface, and the carbon powder failed to leave the 
surface of the SSM even after repeated drops of water were added 
several times. For SSM specimens with superhydrophobic prop-
erties, the toner can leave the surface with the water droplets, 
thus achieving a self-cleaning effect.

Figure 6:  (a) Diagram of the SSM wear device. (b) Relationship between the number of different wear cycles and the WCA of the SSM. (c) Macroscopic 
morphology of the surface of the SSM before wear. (c1–c2) SEM images of the SSM before wear at ×1000 and ×5000, respectively. (d) Macroscopic 
morphology of the surface of the specimen after wear. (d1–d2) ×1000 and ×5000, respectively, after wear and 5000 × SEM images of the SSM after 
wear. (d) The macroscopic morphology of the specimen surface after wear. (d1–d2) The SEM images of the SSM after wear at ×1000 and ×5000, 
respectively.
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Conclusion

(1) The superhydrophobic SSM was prepared by laser abla-
tion of the SSM surface. The optimal process param-
eters are as follows: power density of 5.73 ×  106 W/
cm2, scanning speed of 150 mm/s, scanning Interval of 
20 μm, WCA of 157.5°, and SA of 3°.

(2) The superhydrophobic SSM surface has a large number 
of laser-induced periodic micro-nano ripple double-
scale structure, which stores a large amount of air in the 
structure, making the SSM surface form a layer of air 
cushion, which improves the corrosion resistance of the 
SSM.

(3) The superhydrophobic SSM has good mechanical 
stability, time-sensitive property, and self-cleaning 
property for the subsequent application to provide a 
theoretical basis.

Materials and methods
Preparation of superhydrophobic SSM

The experimental material is 316 SSM (300 mesh), which is 
widely used in the field of oil–water separation because of its 
excellent corrosion resistance and high separation efficiency. 
The SSM will be cut into 30 × 30  cm2; first of all, the surface of 
the SSM is pretreated: it will be put into anhydrous ethanol of 

Figure 7:  WCA and surface morphology of superhydrophobic SSM immersed in 120 h. (a) Superhydrophobic SSM immersed in pH = 3 HCl solution, 3.5-
wt% NaCl solution; (b) the relationship between WCA and corrosion time of SSM surface in pH = 3 HCl solution or 3.5-wt% NaCl solution; (c) the surface 
morphology after 120 h of immersion in pH = 3 HCl solution; and (d) surface morphology after 120 h of immersion in 3.5-wt% NaCl solution.

Figure 8:  (a) The relationship between WCA and SA of superhydrophobic SSM and the number of days. (b) Surface morphology of superhydrophobic 
SSM after being placed in air for 60 days.
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99.7% purity and cleaned by ultrasonic cleaning equipment for 
3–5 min to remove the oil and other debris on the surface of 
the SSM. Then put into distilled water for ultrasonic cleaning 

time of 3 min and finally the cleaned SSM into the vacuum 
drying oven to dry for use.

The surface with superhydrophobic properties was prepared 
by scanning the SSM using infrared picosecond laser combined 

Figure 9:  Flowchart for self-cleaning of superhydrophobic stainless steel surfaces.

Figure 10:  Processing process flowchart.
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with stearic acid modification. The processing method is shown in 
Fig. 10, and the infrared picosecond laser (CTI-WZU-P5040-IR) is 
provided by Wuxi Chaotong Institute of Intelligent Manufacturing 
Technology Co. The laser beam used in the laser ablation process 
has a wavelength of 1064 nm, a repetition frequency of 50 kHz, a 
pulse width of 10 ps, a maximum power of 30 W, and a focused 
spot diameter of 20 μm. The picosecond laser scanning route uses 
a grid-like scanning pattern to ablate the SSM. The process starts 
with a row scan in the x-direction, followed by a column scan in 
the y-direction. In the process of laser ablation of SSM surface, 
the laser power density is changed from 3.82 ×  106 W/cm2 to 
6.68 ×  106 W/cm2 (3.82 ×  106 W/cm2, 4.77 ×  106 W/cm2, 5.73 ×  106 
W/cm2, and 6.68 ×  106 W/cm2), the scanning speed is changed 
from 100 mm/s to 250 mm/s (100 mm/s, 150 mm/s, 200 mm/s, 
250 mm/s), and the laser scanning interval is changed from 10 μm 
to 40 μm (10 μm, 20 μm, 30 μm, 40 μm). Subsequently, the laser-
ablated SSM is ultrasonically cleaned in anhydrous ethanol, dried 
in air, soaked in 0.01 mol  L−1 stearic acid solution for 2 h, and 
finally placed in a vacuum drying oven at 200 °C for 1 h.

Performance testing and characterization methods 
of materials

The WCA and SA of SSM surface are measured by an optical con-
tact angle meter, which reflects the wettability of the SSM surface 
to the liquid being measured. Throughout the test phase, the liquid 
under test is detached from the tip of the microsyringe by gravity 
and drips onto the surface of the SSM in a volume of 5 μl for each 
test. When measuring the SA, the platform is tilted at a certain 
angle so that the droplet rolls off the surface of the material by 
gravity, at which point the tilt angle of the platform is the SA of the 
droplet on the surface. To ensure the accuracy of the measurement, 
this operation was repeated at different 5 positions and finally the 
values obtained were averaged to obtain the final test results.

FEI’s Nova 200 Nano ultra-high resolution field emission 
scanning electron microscope (SEM) was used to observe the 
morphology of the original SSM surface, the SSM surface after 
laser ablation, and the SSM surface after mechanical stability 
testing and to quantify the elemental composition of the SSM 
surface under different conditions by the energy dispersive spec-
troscopy (EDS) system equipped with its equipment.

In order to study the corrosion resistance of the superhydropho-
bic SSM prepared in this experiment, an electrochemical worksta-
tion produced by Shanghai Tatsuwa 660e will be used to characterize 
the corrosion resistance of the material. The electrochemical work-
station can enhance the main control factors without changing the 
corrosion mechanism in a short time. A standard three-electrode 
system was used: a platinum sheet as the auxiliary electrode, a satu-
rated glycury electrode as the reference electrode, and a SSM with an 
area of 1  cm2 (original surface and superhydrophobic surface) as the 
working electrode to obtain the kinetic potential polarization curve. 

The SSM was placed into the bottom of the epoxy resin for cooling 
and encapsulation, exposing only the surface under test, ensuring 
that the contact area between that surface and the test solution was 1 
 cm2. Electrochemical experiments were carried out in 3.5-wt% NaCl 
solution, and the self-corrosion potential (Ecorr) and self-corrosion 
current density (Icorr) were obtained by fitting the potentiodynamic 
polarization curves by software.
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