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A B S T R A C T

The interest in superhydrophobic surfaces has grown exponentially over recent decades. Since the lotus leaf dual
hierarchical structure was discovered, researchers have investigated the foundations of this behavior and many
methods have been developed to obtain superhydrophobic surfaces. In this paper the possibility to use ultrafast
laser treatments to obtain hydrophobic and superhydrophobic stainless surfaces was investigated on a AISI 316L
stainless steel, ranging the total energy doses provided to the surfaces from 178 to 1143 J/cm2. As SEM-FEG
images reveals, different surface microstructures can be obtained at the increasing values of energy dose.

Independently on the specific values of laser treatment, all the obtained samples showed hydrophobic values
of static contact angle. However, only particular surface microstructures allowed obtaining a self-cleaning
surface characterized by low values of both contact angle hysteresis and roll-off angle.

The obtained results led to define the effect of the laser parameters on the morphological, chemical and
wetting surface properties allowing one to design new textures with the desired wetting properties, from “lotus
effect” surfaces to “rose petal effect” surfaces.

1. Introduction

The wettability of rough surfaces is a complex problem which
continues to attract interest, thanks to new technologies and materials
that allow obtaining surfaces with controlled micro- and nano-rough-
ness [1]. Starting from the work of Neinhuis and Barthlott [2] that
explained the origin of the superhydrophobicity and self-cleaning
properties of the lotus leaf (the so-called “lotus effect”), a lot of efforts
have been devoted to reproduce the micro and nano features of such
surface, characterized by a water contact angle higher than 150° and, in
general, low surface energy. Several techniques already exists to pro-
duce large-area superhydrophobic surfaces: transparent coatings have
been developed for different kinds of window, as automobile windows
[3], and eyeglasses, or to increase the performance of solar cells [4], to
control bio-adhesion [5–7] and bio-fouling [8–10]. Nevertheless, most
of these techniques, as for instance chemical vapor deposition (CVD)
[11,12], electro-chemical deposition [13], and sol-gel method [14],
involve the use of chemical coatings and show several drawbacks,
especially in applications in which the release of coating particles into
the environment is extremely critical. As an example, in food industry it
is strategic that the coating used for tools undergoing chemical attack,

scratches or wear, do not contaminate the products, which they con-
tribute to cut, convey or package.

In this work, the possibility to use chemical-free ultrafast laser
treatment to obtain hydrophobic and superhydrophobic stainless steel
surfaces was investigated on AISI 316L, generally employed as food
contact material. This technique offers several advantages over the
other previously mentioned. Laser texturing is a one-step contactless
approach that can be exploited with a flexible experimental apparatus,
with the chance of creating a large variety of textures by tuning laser
parameters and the environmental conditions [15,16].

This is the reason why, in the last five years, several approaches
have been devoted to the fabrication of superhydrophobic surfaces
using femtosecond lasers. Ultrashort laser pulses bring about an inter-
action process with the target material with a nearly negligible thermal
transfer to the workpiece, allowing for a reproducible surface texture
with virtually no heat affected zone [17]. Furthermore, such a tech-
nique can be potentially employed for the functionalization of large
scale surfaces, with remarkable implications in the technological im-
plementation. A thorough review of obtainable surface features as a
function of the ruling process parameters can be found in [15,18].
Among the multiple functionalities that femtosecond lasers may induce
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within a surface, several contributions in literature exist showing the
possibility to generate lotus-leaf like surfaces by ultrashort pulse laser
texturing to modify the surface wettability [19]. One of the earliest and
most comprehensive studies on the matter is due to Kietzig et al. [20]
who realized ultrashort laser textures on AISI 304L stainless steel with
static water contact angles (CA) between 120° and 150° and contact
angle hysteresis (CAH) of 3°. A main finding of Kietzig et al. was that
the superhydrophobic properties of the samples were discovered to be
time-dependent. While the laser treated surfaces showed super-
hydrophilic behavior immediately after production for steel, titanium
and aluminum, over the course of several weeks the wetting properties
changed from superhydrophilic to superhydrophobic. Since surface
roughness does not change with time, the reason of this behavior was
attributed to surface chemical changes. In [20], the authors observed,
by XPS analysis, that carbon and oxygen proportions of the surfaces
changed in time, to which they attributed slow decomposition of carbon
dioxide on the laser treated material surface. In a successive work [21],
Kietzig et al. assert that the laser process causes a surface reaction,
which changes the inherent wettability of pure metallic interfaces. The
surface morphology after the treatment plays a minor role in the re-
sulting contact angle as compared to surface chemistry changes.

Confirmation of the aforementioned findings was presented in [22],
stating that the evolution of contact angles from superhydrophilic to
superhydrophobic in the post laser treatment period was correlated
with the amount of carbon on the structured surface and was in-
dependent of the chemical composition of the material. Nevertheless in
[23], the explanation relating the increased superhydrophobicity to the
amount of carbon on the surface was confirmed for aluminum sub-
strates but not for steel. Conversely, the authors found that no hydro-
phobic functional groups were created on steel after laser treatment.
Cunha et al. [24] found that laser treatment, carried out in air, led to
the complete oxidation of both titanium and aluminum surfaces, which
were reported to be hydrophilic. The equilibrium contact angles of
these surfaces were similar or lower than 21°, the value reported by
Kietzig et al. [20] for surfaces immersed in water after the laser treat-
ment. Vorobyev and Guo [19] gave more importance to surface topo-
graphy since laser-induced surface nanostructures play an important
role in enhancing chemical interactions due to nanochemical effects,
the first being oxidation of the ablated material and the second oxi-
dation of the hot liquid/solid nanostructured surface after termination
of ablation.

From the above state-of-the-art it is possible to see that despite
experimental results showing that metal surfaces with tuned wettability
are feasible by means of femtosecond lasers, the process is far from
being completely understood.

A further complexity relates to the hypotheses of Vorobyev and Guo
[19], who showed that lasers may create very different surface
morphologies depending on the used parameters. Low laser fluence
generates typical laser-induced periodic surface structures (LIPSS) on a
submicron level. The apparent contact angle (CA) on surfaces covered
by such features is generally lower than 150° [25]. With increasing laser
fluence, periodic ripples and periodic cone-shaped spikes on a micron
scale can be fabricated, both covered with LIPSS. The stainless steel
surfaces with micro- and submicron double-scale structures have higher
apparent Cas [26]. Rukosuyev et al. [27] found that by adjusting the
fluences and with specific use of the focal volume of the laser beam, a
micron scale ridge-like structure with superimposed submicron convex
features could be produced. It was shown that the hydrophobic beha-
vior was mainly caused by the surface texturing obtained as a result of
laser ablation and not due to the intrinsic properties of the base ma-
terials.

From a topographic point of view, a multi-scale surface morphology
made of nano- and micro-scale periodic ripples seems the best config-
uration to shift the wetting behavior to a superhydrophobic regime
[28]. Nanoscale structures tend to become predominantly microscale
with an increasing number of pulses and overlap [29]. While surface

complexity increases, double-roughness patterns comprising nano- and
micro-scale periodic ripples exhibited static CA>150° and low CAH as
well [30]. The high permanent superhydrophobicity of this pattern is
due to the special micro/nano-structure of the surface that facilitates
the Cassie–Baxter state, which led Fadeeva et al. [31] to create titanium
lotus-like surface structures having self-cleaning properties than can
even reduce the bacterial adhesion.

Based on this background, the aim of this work is to investigate the
wetting properties of AISI 316L stainless steel surfaces textured by ul-
trashort pulse laser in order to establish the correlation between process
parameters and physico-chemical behavior of the treated surfaces. A
deeper understanding of the phenomena generated by the laser on
metals is indeed fundamental for a reproducible process in view of in-
dustrial applications.

Moreover, it should be noted that texturing rates obtained to date do
not allow treatment of large areas for practical industrial applications.
As an example, the texturing rate of the pilot work of Kietzig et al. is
about 7.5 · 10−3 mm2/s taking into account the scanning speed and
laser spot diameter used in [20]. Such slow processing times would
hinder any use of ultrafast laser technology over macro-scale mechan-
ical components. Therefore, in view of increasing the overall process
throughput, this work is focused on maximizing the scanning speed by
making use of repetition rates up to 1MHz, to guarantee sufficient pulse
overlap to generate hierarchical nanofeatures at scanning speeds two
orders of magnitude higher than those adopted so far.

The wetting behaviour, being dependent on both the surface
roughness and the water–solid adhesion forces, were assessed by CA
hysteresis, roll-off angle and surface energy measurements. In fact, it is
now widely accepted that a superhydrophobic surface is adequately
characterized when the advancing and receding CAs, which define the
CAH, are measured together with the static CA in order to discriminate
between the so-called “Lotus effect” (high CA and low CAH) and the
“Rose petal effect” (high CA and high CAH). Finally, to define the effect
of ageing on the surface properties, the wettability and the chemical
properties were evaluated in time by static CA and X-ray photoelectron
spectroscopy (XPS) measurements.

2. Experimental section

2.1. Femtosecond laser treatments

The irradiated samples consist of AISI 316L stainless steel square
plates with lateral dimension of 50mm and thickness of 2mm. In order
to disregard the influence of pre-existing surface roughness on the final
results, the initial samples were mirror-polished with an as-received
average roughness Sa < 0.05 μm. Before the laser treatment, the
samples were washed for 5min in acetone in an ultrasound bath, fol-
lowing which laser texturing was performed without shielding gas in
line.

Textured areas with dimensions of 8×8mm2 were obtained with
linearly horizontally polarized pulses from an Amplitude Systems
Satsuma HP3 laser system. The system can deliver average power up to
40W with repetition rate up to 1MHz at central wavelength of 1030 nm
and pulse duration of 320 fs. The emitted laser beam was firstly mag-
nified by a factor of three through a beam expander and then directed
into a scanning system to provide accurate positioning of the laser
pulses, where it was finally focused on the sample surface by a 100mm
f-theta lens. The hatching strategy consisted of parallel lines on the
sample surface, separated by the distance of 5 μm. Indicating with RR
the laser repetition rate of the laser pulses and with v the scan speed,
four different experimental conditions were examined: RR=100 kHz
and v=200mm/s (samples A), RR=250 kHz and v=500mm/s
(samples B), RR=500 kHz and v=1000mm/s (samples C), and fi-
nally RR=1000 kHz and v=2000mm/s (samples D). In this way the
horizontal overlap d between successive pulses, given by d= v/RR, was
kept constant at about 92%. For each value of repetition rate, the laser
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fluence was varied from 0.36 to 2.33 J/cm2. Defining energy dose, E,
the ratio between the total energy provided to the surface by the ra-
diation and the total irradiated area, the total energy dose provided in a
single scan of the surfaces using the laser parameters specified above,
ranged between 17,8 and 114,3 J/cm2. Higher energy dose regimes can
be achieved by superimposing multiple scans. In this work, the same
process was repeated for 10 scans, therefore, by neglecting thermal
losses between two consecutive passes, the total energy doses provided
to the surfaces ranged from 178 to 1143 J/cm2. In Table 1 the experi-
mental conditions and the sample codes are summarized for the A
samples. For all samples the letter identifies the RR and therefore the v,
while the number following the letter, from 1 to 9, was used to identify
the energy dose E for each set.

For the successive surface characterization, the treated surfaces
were sonicated for 10min in ethanol at room temperature, washed with
fresh ethanol and finally dried in vacuum at room temperature.

2.2. Surface characterization

In order to evaluate the morphology of the nano-textured surfaces,
scanning electron microscopy (SEM) characterizations were performed
by a field emission SEM (FESEM, Nova NanoSEM 450, FEI company,
USA). Low magnification (1500–6000×) images were acquired in field-
free lens mode using the Everhart-Thornley detector (ETD) (conven-
tional “below-the-lens” detector) for the secondary electron (SE) ima-
ging signal. High magnification (10,000–400,000×) images were ob-
tained in immersion lens mode using the “through-the-lens” detector
(TLD) for the down-hole visibility (DHV) imaging mode. The accel-
erating voltage (HV) of 20 kV, the spot size of 3 and the working dis-
tance (WD) of 6mm were used in the acquisition of all images.

Chemical elemental analysis was performed with the energy-dis-
persive X-ray spectroscopy system (X-EDS) QUANTAX-200 (Bruker,
Germany), equipped with the silicon drift detector (SDD) XFlash 6/10.

To evaluate the wettability behavior of the surfaces the full char-
acterization of wetting properties, including static and dynamic contact
angles (CA), roll-off angle and surface free energy, were performed
using the contact angle meter OCA 20 (DataPhysics Instruments Gmbh,
Filderstadt, Germany) under room condition.

Static water CAs were determined by sessile drop method on the
basis of at least 3 measurements with a drop volume of 1 μl using dis-
tilled deionized water. The behavior of the CA values was monitored
periodically for 120 days after the laser treatment. The new measure-
ments were made using always fresh surface, storing the samples at
room conditions without any further cleaning treatment that could
modify the surface properties.

In the dynamic CA analysis, the advancing/receding CAs were
measured using the sessile drop (needle in) method by adding/re-
moving liquid (8 μl) to/from the initially deposited droplet (starting
volume 4 μl) at a very small volume flow rate (0.1 μl/s), in order to
obtaining the quasi-static equilibrium condition during the phase of
expansion and contraction of the droplet volume. Contact angle

hysteresis was determined by comparing the advancing and receding
CAs of the growing and shrinking droplet.

In the roll-off measurements, a 10 μl drop was initially deposited on
the surface, which was subsequently inclined at a constant speed of
0.3°/sec, until the drop was completely slipped away. The dynamic
process of the drop shedding off surface was followed by a high-speed
CCD camera.

The surface energy was evaluated by the method of Owen et al.
[32], according to which the interfacial tension derives from the un-
derlying interactions between the molecules. The surface energy of the
textured surface is obtained by benchmarking with the CA values of the
same surface obtained with specific fluids with well-known surface
energy values (in this study water, formamide and diiodomethane).

Finally, to evaluate the evolution in time of the surface elemental
composition, XPS measurements were carried with a XR3 dual anode X-
ray source of Vacuum Generators, delivering Mg Kα photons
(energy=1253.6 eV), operated at 15 kV, 18mA. Spectra were acquired
with a Perkin Elmer, model 15-255-G, double pass cylindrical mirror
analyzer (CMA) driven at constant pass energy of 100 eV (2 eV re-
solution) for wide spectra and at 50 eV of pass energy (1 eV resolution)
for elemental spectra. Ageing effects on treated samples were checked
by taking the same sequence of XPS spectra, after 1, 3, 10 and 30 days
in air. To avoid perturbation of surface composition, no sputtering-
cleaning to remove contaminants form air exposure was applied to the
samples before analysis.

3. Result and discussion

3.1. Evolution of surface wettability with laser-induced surface morphology

In Fig. 1 SEM-FEG images of surfaces obtained with different values
of RR and for increasing values of energy doses, E, are reported. At low
energy doses, periodic surfaces structures, also known as LIPSS (Laser
Induced Periodic Surface Structures) [33], which are oriented perpen-
dicularly to the laser polarization and with a period comparable to the
laser wavelength, are visible. The presence of LIPSS on steel in similar
conditions of irradiation was previously assessed [34]. By increasing
the energy dose E, LIPSS leave place to columnar structures whose
transversal dimension, increase independently on RR. For example, for
A samples (RR=100 kHz), the transversal dimension ranges from
5 ± 2 μm when E is 423 J/cm2 to 10 ± 2 μm when E is 1143 J/cm2.

Interestingly, the same morphological evolution, that is an increase
of the transversal dimension of the columnar structures, is observed for
increasing RR at constant E values. For example, for a dose of 1143 J/
cm2, the transversal dimension ranges from 10 ± 2 μm in samples A
(RR=100 kHz) to 24 ± 4 μm in samples D (RR=1000 kHz). This
behaviour could be due to thermal effects related to an increase of both
RR or E [15].

A further increase of the magnification allowed one to observe
features with nanometric dimensions overimposed on the surface of
LIPSS. In Fig. 2 SEM-FEG images of C samples (RR=500 kHz) as a
function of dose are reported at different magnifications. The higher
magnification allowed one to underline that the microstructure are
covered by finer structures mainly constituted by spherical shaped
particles whose size is in the nanometer scale [33].

In Table 2 the static water CA values 30 days after the laser treat-
ment as a function of dose for the four different experimental conditions
A–D, are reported. The results underline that the laser treatment in-
creases the water CA of the surface from 77 ± 3°, characteristic of the
untreated 316L steel, to values well above 140°. Independently on the
specific values of RR, v and dose, it is possible to reach hydrophobic
values of CA: in the studied conditions, the stabilized CA do not show a
strong connection and dependency on the specific microstructure [10]
but, in agreement with [26], could be associated to the characteristic
double-scale microstructure.

In order to better understand the relationship between the

Table 1
Experimental conditions and sample codes used for A sample (RR=100 kHz).

Sample code Repetition rate, RR
(kHz)

Scan speed, v (mm/
s)

Energy dose, E
(J/cm2) - 10
scans

A1 100 200 178
A2 100 200 235
A3 100 200 340
A4 100 200 423
A5 100 200 560
A6 100 200 663
A7 100 200 831
A8 100 200 950
A9 100 200 1143
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hierarchical surface structures and the surface wettability, four samples
of the C set (RR 500 kH), were further characterized: sample C1, C4, C7
and C9 were chosen for the measurements of dynamic CA values, roll-
angle and surface energy (Table 3).

Sample C1, obtained with the lower energy dose, is characterized by
the highest hysteresis and surface energy and absence of roll-off angle.
The LIPSS structure visible on the sample surface (Fig. 1, sample C1)
leads to high surface energy value, due to both dispersive (van der
Waals and other non-site-specific intermolecular forces) and polar (di-
pole–dipole, dipole-induced dipole, hydrogen bonding and other site-
specific forces) interactions [35], allowing to obtain a “rose petal ef-
fect” surface, as demonstrated by the roll off angle measurement. In this
case, the water drop shows high CA but remains anchored to the surface
even when the sample is tilted of 180°. As the energy dose increases, the
microstructure becomes columnar and bumps appear: the interaction

Fig. 1. SEM-FEG images of the treated samples as a function of dose, E (1=178 J/cm2; 4=423 J/cm2; 7= 831 J/cm2; 9= 1143 J/cm2), and repetition rate, RR
(A=100 kHz; B=250 kHz; C= 500 kHz; D= 1000 kHz).

Fig. 2. SEM-FEG images of C samples (RR=500 kHz) as function of the dose at different magnifications.

Table 2
Water CA values as a function of dose for the four different experimental
conditions, measured 30 days after the laser treatment (A: RR 100 kHz; B: RR
250 kHz; C: RR 500 kHz; D: RR 1000 kHz).

Water contact angle values (°)

Dose (J/cm2) Codes Set A Set B Set C Set D

178,0 1 151 ± 5 149 ± 5 149 ± 5 143 ± 5
234,6 2 145 ± 5 157 ± 5 165 ± 5 152 ± 5
339,8 3 165 ± 5 165 ± 5 162 ± 5 160 ± 5
423,0 4 164 ± 5 163 ± 5 164 ± 5 157 ± 5
560,0 5 160 ± 5 160 ± 5 160 ± 5 158 ± 5
663,0 6 163 ± 5 155 ± 5 161 ± 5 158 ± 5
831,0 7 160 ± 5 161 ± 5 161 ± 5 156 ± 5
950,0 8 152 ± 5 150 ± 5 163 ± 5 156 ± 5
1143,0 9 160 ± 5 162 ± 5 160 ± 5 155 ± 5
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liquid-surface changes importantly. The sample C4, characterized by a
fine columnar structure (Fig. 1, sample C4), shows the lowest values of
hysteresis and surface energy with a roll off angle of 11°, characteristic
values for a self-cleaning surface. In this case, the water drop quickly
rolls off the surface even for negligible tilting of the sample. As the dose
further increase, together with the average size of the bumps (Fig. 1,
sample C7 and C9), also the liquid/solid contact area increases, and the
surface presents higher surface energy, comparable with those ex-
hibited by LIPSS, a pronounced hysteresis and roll-off angle higher than
15°.

3.2. Evolution of surface wettability with laser-induced surface chemistry

It has been already reported by Kietzig et al. [20] that after fem-
tosecond laser irradiation, AISI 304L shows initially a superhydrophilic
state that becomes superhydrophobic in time several days after the laser
process. In this work, to confirm this behavior on AISI 316L samples,
treated with the previously introduced process parameters, water CA
measurements were carried each 7 days for 120 days after the laser
treatment. Fig. 3 presents the behavior of water CA as a function of time
for the four samples (C1, C4, C7 and C9) previously mentioned.

Ten days after the laser texturing process, all samples reach a hy-
drophobic state regardless the specific process parameters, or surface
morphology. The visible difference between the wetting behavior of the
different cases is observed a few days after the laser texturing process
(Day 3) only, where the surface shows a more hydrophilic behavior as
the energy dose increases from sample C1 to sample C9. These results
are in good agreement with [20], where the time needed for the sam-
ples to reach the steady state increases with increasing fluence.

This behavior is explained by an evolution in time of the surface
chemistry, initiate by the ultra-fast interaction with the laser pulses and
due to the exposition to air environment [20]. To evaluate the

chemistry behavior of the surfaces, XPS measurement were performed
on the selected samples immediately after the laser treatment as well as
1, 3, 10 and 30 days later. Fig. 4 presents the XPS spectra of the laser
treated samples, where iron, oxygen and carbon peaks are clearly
visible.

The spectra of the different elements (Fig. 5, sample C9 as re-
presentative) do not present any sizeable difference in line shape

Table 3
Dynamic water CA values, hysteresis, roll off angle and surface energy values of sample C1 (E 178 J/cm2), C4 (E 423 J/cm2), C7 (E 831 J/cm2) and C9 (E 1143 J/cm2)
obtained at RR 500 kHz, one month after the laser treatment.

Sample codes Surface morphology Advancing CA (°) Receding CA (°) Hysteresis (°) Roll-off angle (°) Surface energy [m/Nm]

C1 LIPSS 159(2) 130(1) 29(2) No roll off 41.9
C4 Fine bumps 164(2) 149(3) 14(2) 11(1) 17.4
C7 Medium bumps 164(3) 145(3) 20(2) 16(3) 38
C9 Large bumps 164(1) 145(1) 19(2) 20(2) 39.8

Fig. 3. Water CA behavior as a function of time for samples treated a RR 500 kHz (C1 178 J/cm2; C4 423 J/cm2; C7 831 J/cm2; C9 1143 J/cm2).

Fig. 4. XPS spectra of the as treated samples (RR 500 kHz; C1 178 J/cm2; C4
423 J/cm2; C7 831 J/cm2; C9 1143 J/cm2).
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following ageing in air. In general, C1s spectra present a main structure
centered at about 284.3 eV that can be associated to CeC and CeH
bonds. Oxidized C (CeO and C]O bonds) is represented by the high
binding energy shoulder of the main structure. This do not appear to
vary between different morphologies nor following ageing in air. O1s
spectra present a broad peak that can be associated to oxidized carbon
species, but also to OH and to possible H2O contribution. Finally, Fe2p
multiple is relatively broad. The line shape can be associated to a
prevalence of Fe (III), but with contributions of Fe (II). Analogous re-
sults were obtained for all the other spectra here not reported.

By following the intensity of the XPS peaks, the relative con-
centration of the elemental species at the surface can be determined
taking into account the appropriate atomic sensitivity factors for the
used analyzer. Results are reported in Table 4.

As a general trend it can be observed that 30 days after the laser
process, the amount of oxygen tends to decrease, while the amount of
carbon increases. Only a small decrease of the Fe peak is observed (here

not reported). The carbon and oxygen contents measured on the same
day, do not significantly change between different samples, that is they
are independent from the dose and, therefore from the specific mor-
phology.

Fig. 6b and c present a comparison between the evolution in time of
the static CA and the C and O contents, respectively. SEM images of the
surface morphologies are reported in Fig. 6a for easier comparison. The
connection between the evolution of the CA with the chemical state of
the surface is quite straightforward. About ten days after the laser
texturing process, the CA values begin to stabilize followed by an in-
crease of C content which starts to take place on the steel surface. As the
elemental composition of the surface keeps evolving, the surface state
finally reaches a stable hydrophobic behavior after about 30 days, as
already observed in Fig. 3, regardless the its specific morphology. This
result demonstrates that the key parameter driving the steel surface
state to a hydrophobic one is the evolution of the chemical state which
takes place on the stainless steel surface as a consequence of the in-
teraction with the laser light.

The role of the specific surface morphology is to discriminate the
roll-off behavior of the surface. As previously observed in Table 3, al-
though LIPSS and bumps morphologies are both characterized by high
CA values, the main difference lies in the roll-off angle values. LIPSS
show no-roll off, that is the liquid drop do not spread on the surface but
do not move easily from the contact point; on the other hand, when the
liquid drop is placed on a fine bumpy surface, it roll-off quickly from
the contact point, making the surface self-cleaning.

Fig. 5. XPS spectra in the regions of C1s (a), O1s (b), and Fe2p (c) of sample C9 as a function of ageing time in air. For the ‘as received’ spectrum of Fe2p (d), the
background subtracted Fe2p features are also reported, together with their fit-decomposition into Voigt peaks.

Table 4
Oxygen and carbon content of sample C1 (E 178 J/cm2), C4 (E 423 J/cm2), C7
(E 831 J/cm2) and C9 (E 1143 J/cm2) obtained by XPS curve analysis.

Days samples Oxygen content (%) Carbon content (%)

C1 C4 C7 C9 C1 C4 C7 C9

0 38 39 37 38 54 54 54 53
1 38 32 33 35 54 61 60 57
3 34 38 37 37 59 55 56 54
10 36 38 37 37 57 55 56 56
30 31 30 30 28 64 64 65 67
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4. Conclusion

The obtained results demonstrated that all the experimental con-
ditions allowed to obtain AISI 316L stainless steel surfaces with very
high static CA, about 30 days after laser treatment. Different nano and
microstructures can be obtained by changing the laser parameters (RR,
v and dose), leading to surfaces characterized by high CA and low
hysteresis (lotus effect) or by high CA and high hysteresis (rose-petal
effect) demonstrating the key role of laser parameter to obtain self-
cleaning surfaces. In this sense, a structure characterized by fine bumps
(transverse dimension of about 10 μm) allows to obtain a super-hy-
drophobic surface where water droplets roll-off quickly from the con-
tact point. In particular, sample C4, obtained with an energy dose of
423 J/cm2, can be considered the best self-cleaning sample having
surface properties similar to those of a lotus leaf.

Regarding the wettability behavior with time, results demonstrate
the effect of the surface chemistry: the laser-material interaction acti-
vates the surface in a way that its oxygen content after the laser
treatment is high leading to an hydrophilic state that however evolves
to hydrophobic, regardless the specific surface morphology, in 10 days
after the laser texturing process.

Finally, this work shows once again that femtosecond laser ma-
chining might be a large-scale alternative to chemical approaches to
obtain superhydrophobic textures on stainless steel.
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