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We report on the modification of the wettability of stainless steel by picosecond laser surface microstructuring in
this paper. Compared with traditional methods, picosecond laser-induced surface modification provides a fast
and facile method for surface modification without chemical damage and environmental pollution. As a result
of treatment by 100 ps laser pulses, microstructures are fabricated on the stainless steel sample surface, contrib-
uting to the increase of the contact angle from 88° to 105°, which realizes a transformation from hydrophilicity to
hydrophobicity. The morphological features of fabricated microstructures are characterized by scanning electron
microscopy and optical microscopy. © 2015 Chinese Laser Press
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Metals.
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1. INTRODUCTION
The wettability of materials is one of the key characteristics
in materials science and engineering. As its application has
bearing in many areas such as machinery lubrication, fric-
tion, fabric dyeing, and painting, research on modification
of the wettability of material surfaces has received much
attention. Previous studies indicate that the wettability of
material surfaces depends on the chemical composition
and micro-geometry on the surface [1]. Thus, the modifica-
tion of wettability can be realized by changing the surface
morphology or forming microstructures on the surface.
There are several methods that can modify surface wettabil-
ity, such as phase disengagement [2], chemical vapor
deposition [3], soft etching [4], anode oxidation [5], and
electrodeposition [6].

Compared with these methods, laser-induced surface
modification provides a fast and facile approach for surface
modification without chemical damage or environmental pol-
lution [7–11]. Many researchers have explored how the differ-
ent parameters affect the result, and explain the mechanism of
the interaction between the laser pulses and the materials [12–
15]. It is well known that, for laser-induced surface modifica-
tion, besides the thermal and optical properties of materials,
laser pulse duration is a very key parameter that may affect
the results. Micromachining of metals with nanosecond laser
pulses was studied by Knowles et al., who found that, with the
appropriate choice of laser parameters and processing strat-
egies, high-quality micromachined structures could be fabri-
cated [16]. However, with nanosecond laser pulses, the
absorption occurs on a time scale that is longer than the time
scale for energy transfer to the lattice, resulting in heating of
the lattice. According to the two-temperature model [17],

these thermal effects cannot be ignored when nanosecond
laser pulses irradiate metals. While the thermal effect can
be ignored in femtosecond laser processing of metals [18],
it is difficult to use this technology in industry because of
the high cost. Recently, picosecond lasers have come into
industrial applications because they are easier to operate
and they are more cost effective compared to femtosecond
lasers.

In this work, we perform a study of surface modification of
AISI 304 and AISI 316 stainless steel induced by 100 ps laser
pulses, focusing on evolution of the contact angle and mor-
phological characteristics. Even though the thermal effect
cannot be ignored with 100 ps laser processing of stainless
steel, a critical advantage of using picosecond laser pulses
is that picosecond laser technology is already being applied
for industrial micromachining, thus making the industrializa-
tion of laser-induced surface modification of metal possible.

2. EXPERIMENTAL
In this work, we uses a picosecond laser (Fianium) that gen-
erates 532 nm, 100 ps laser pulses at a repetition rate of
500 kHz. The average power is 0.62 W. The laser beam was
focused onto the cleaned and polished stainless steel surface
using a 0.3 NA objective lens, forming a spot with a 16 μm
radius. The stainless steel sample is on a 3D linear translation
stage. While the 3D linear translation stage scans at a preset
speed, the laser forms a micro-groove in the x direction on the
stainless steel surface. With a shift of the stage at a constant
distance interval in the y direction, the laser generates a sec-
ond micro-groove parallel to the first micro-groove on the
sample surface. This process was repeated to produce an ex-
tended array of micro-grooves with an area of 5 mm × 5 mm
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on the stainless steel surface. By tuning the scanning speed
and distance intervals between two adjacent micro-grooves,
we produced a series of fabricated stainless steel surfaces
by using the picosecond laser.

After fabrication by the picosecond laser pulses, we
wiped the stainless steel surface with ethanol to clean up
the ablation debris. To measure the wettability of steels,
we performed a study on the static contact angle measured
with a contact angle measurement system (SL200B) using
the sessile drop method. A micro-syringe was used to gently
drop a 2 μL distilled water droplet on the surface. The
images of the water droplet were captured using a CCD
camera, and the images were used to measure the contact
angle formed at the water–solid interface. We measured the
contact angle three times on the same area to make sure the
deviation was as small as possible, ensuring that the uncer-
tainty of the contact angle was within �1°. The time interval
between two adjacent measurements was 2 min to allow the
water droplet to evaporate completely. To identify the mor-
phological features, we examined each area under optical
microscopy (OM) and scanning electron microscopy (SEM).

3. RESULTS AND DISCUSSION
Figure 1 shows the image of the treated areas on an AISI
304 stainless steel sample captured by a digital camera.
There are eight treated areas on the sample. The sample
is adhered to one glass slide by double-sided adhesive so
that the surface of the steel is as flat as possible. On the
treated areas, from left to right, the scanning speed and in-
terval are varied. The scanning speed and interval of the
first area are 400 μm/s and 20 μm, respectively. On the sec-
ond area, they are 1000 μm/s and 40 μm, respectively. From
the third to the eighth areas, the scanning speed and the
interval are gradually increased in 1000 μm/s and 20 μm
steps. We define that the untreated area has the parameters
of scanning speed 0 μm/s and interval 0 μm. As can be seen,
in the first area, by absorbing the picosecond laser energies,
we make AISI 304 stainless steel highly absorptive, present-
ing a black appearance, while the following areas turn gray
gradually [19].

Figures 2 and 3 show the surface microstructures observed
by OM and SEM, respectively. As can be seen from Figs. 2 and
3, treatment by picosecond laser pulses results in micro-
groove-like microstructures being formed on the surface.
Figure 2(a) shows the microstructures with the parameters
of scanning speed 1000 μm/s and interval 40 μm, while
Figs. 2(b), 2(c) and 2(d) have different parameters in accor-
dance with the step sizes above. Figure 3(c) shows that
the cavities and mastoids on the surface are fabricated.
Figure 3(d) shows the low spatial frequency picosecond
laser-induced periodic surface structures (LSFLs) [20,21],

which have a period of 473 nm, below the output laser wave-
length of 532 nm.

To investigate the relationship between the wetting behav-
iors of AISI 304 stainless steel and different processing param-
eters, we put a 2 μL water droplet on the surface, and then
perform a study on the static contact angle. As Fig. 4 presents,
alteration of the static contact angle goes with different scan-
ning intervals and different scanning speeds. From Fig. 4 we

Fig. 1. Image of the treated areas under different parameters. From
the first to the eighth areas, scanning speeds and intervals are
400 μm/s and 20 μm, 1000 μm/s and 40 μm, 2000 μm/s and 60 μm,
3000 μm/s and 80 μm, 4000 μm/s and 100 μm, 5000 μm/s and
120 μm, 6000 μm/s and 140 μm, 7000 μm/s and 160 μm, respectively.

Fig. 2. OM images of the treated AISI 304 stainless steels under
different parameters: (a) 1000 μm/s scanning speed and 40 μm
scanning interval, (b) 2000 μm/s scanning speed and 60 μm
scanning interval, (c) 3000 μm/s scanning speed and 80 μm scanning
interval, and (d) 4000 μm/s scanning speed and 100 μm scanning
interval.

Fig. 3. (a) SEM image of the treated AISI 304 stainless steel under
2000 μm/s scanning speed and 60 μm scanning interval with four peri-
ods of microstructures, (b) SEM image of the treated AISI 304 stain-
less steel with two periods of microstructures, (c) SEM image of the
cavities and mastoids fabricated on the surface, and (d) SEM image of
the low spatial frequency picosecond laser-induced periodic surface
structures.
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can see that the contact angle regularly decreases with in-
creasing scanning interval and increasing scanning speed.
The singular point where the scanning interval is 0 μm and
the scanning speed is 0 μm/s stands for the contact angle
of the untreated AISI 304 stainless steel whose contact angle
has an approximate value of 88°. As is well known, metal ma-
terials such as the AISI 304 stainless steel have a high surface
energy resulting in hydrophilicity. After irradiation by picosec-
ond laser pulses, some microstructures on the surface are fab-
ricated, contributing to the contact angle increasing from 88°
to 105°. This suggests a transformation from hydrophilicity to
hydrophobicity. According to the Wenzel model [22], the con-
tact angle will increase with increasing roughness of a hydro-
phobic surface while the contact angle will decrease with
increasing roughness of a hydrophilic surface. Thus, the
Wenzel model cannot explain this transformation. A more
likely explanation is given by the Cassie–Baxter model [23].
Upon irradiation by the picosecond laser pulses, a stable

composite interface in such a manner that air is trapped in
the cavities of a rough surface is formed. This results in a
composite solid–air–liquid interface contributing to the evolu-
tion of the wetting behaviors. When the scanning speed in-
creases, the laser energies per unit time per unit area that
are absorbed by the stainless steel decrease, leading to a shal-
lower cavity than before. Since the cavity is shallower and the
scanning interval between two adjacent micro-grooves is
larger, less air volume is trapped in the cavities of the surface,
causing the contact angle to decrease, as depicted in Fig. 4.
We also can observe that the contact angles of treated areas
have a rapid decrease within the scanning speeds from 400 to
2000 μm/s and the intervals from 20 to 60 μm, while the con-
tact angles tend to be stable gradually within the scanning
speeds from 3000 to 7000 μm/s and the intervals from 80
to 160 μm.

To identify whether this model is in accord with situations
when processing other kinds of stainless steel, we also tried to
fabricate microstructures by the picosecond laser pulse irra-
diating AISI 316 stainless steel, which has an origin contact
angle of about 74°, which is less than the origin contact angle
of AISI 304. We investigate the effects of scanning speed and
interval on the contact angle, respectively. The other param-
eters are the same as those used to process AISI 304 stainless
steel. Figure 5(a) shows the change in the contact angle with
different scanning intervals when the scanning speed is
1200 μm/s, while Fig. 5(b) shows the contact angle change
with different scanning speeds when the scanning interval
is 40 μm. Although the contact angle before fabrication by
the picosecond laser pulses is different from that in Fig. 4,
the contact angles after irradiation in Figs. 5(a) and 5(b) both
increase at different levels, which have the same trends
as those in Fig. 4, exactly corresponding with the Cassie–
Baxter model. From Fig. 5, we can see that when the scanning
interval varies from 20 to 100 μm, the contact angle decreases
from 95° to 76°, while when scanning speed varies from 400 to
2000 μm/s, the contact angle decreases from 87° to 75°.
Therefore, we can conclude that both the scanning speed
and the scanning interval are the important parameters when
processing stainless steels.

Fig. 4. Alteration of static contact angle under different scanning
intervals and different scanning speeds when processing AISI 304
stainless steel.

Fig. 5. Alteration of static contact angle under different scanning intervals and different scanning speeds when processing AISI 316 stainless steel,
respectively.
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4. CONCLUSIONS
In summary, we have demonstrated modification of wetta-
bility by picosecond laser surface microstructuring. By
varying the scanning interval and the scanning speed,
we change the wetting behaviors of the AISI 304 stainless
steel surface with contact angles increasing from 88° to
105°, realizing a transformation from hydrophilicity to
hydrophobicity. This transformation has tremendous poten-
tial in various technological applications. We also conclude
that the mechanism of contact angle on the stainless steel
is the same when processing different kinds of stainless
steels. Compared with nanosecond and femtosecond laser
pulses, picosecond laser pulse induced surface modifica-
tion has its unique advantages, making this technology
industrialization possible.
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