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1. Introduction

In nature, lotus leaves, springtails, fish, water strider feet, and 
butterflies wings exhibit unusual wetting behaviors of super-
hydrophobicity or superoleophobicity, providing ideal models 

In this study, a facile method is presented to fabricate superamphiphobic 
surfaces with controllable adhesion on polytetrafluoroethylene (PTFE), for 
the first time, using femtosecond laser Bessel beam. Compared to previous 
structures mostly based on 1D microstructure produced by Gaussian beam, 
the surfaces are characterized by highly uniform 2D periodic hill-groove 
structures covered with extensive porous-mesh nanostructures. Most 
significantly, the 2D hill-groove structures have a very high-aspect-ratio 
since the energy distribution of the Bessel beam is more uniform over a 
longer focusing range. Moreover, the profile of the obtained microstruc-
tures is a nearly perfect semi-spherical shape. As a result, the processed 
surfaces become superamphiphobic, exhibiting a contact angle of 166° 
for water and 160° for oil, respectively. Furthermore, the surface adhesion 
can be controlled from ultralow to ultrahigh by adjusting the period of the 
hill-groove 2D-patterned structures. It is demonstrated that the ultralow 
adhesion surfaces show excellent antifog and anti-icing properties, while 
the ultrahigh adhesion surfaces can be used for water and oil collection. 
Both surfaces have a good mechanical stability and are stable over a wide 
range of temperatures. The superamphiphobic PTFE surfaces with tunable 
adhesion can be used for self-cleaning, microfluidic systems, and harsh 
environments.
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Superamphophobic

for creating functional bioinspired sur-
faces.[1–5] Such superhydrophobic surfaces 
are usually characterized by a static contact 
angle (SCA) greater than 150°. The poten-
tial applications of these surfaces include 
separation of oil and water,[6] protection 
of electronic devices,[7] and adjusting cell/
substrate adhesion in biomedicine.[8] In 
contrast to superhydrophobic surfaces, 
superoleophobic surfaces are more com-
plicated, but they can repel many organic 
with lower surface tension.[9] Recently, 
superamphiphobic surfaces with both 
superhydrophobic and superoleophobic 
wettabilities have gained increasing atten-
tion due to their wide range of applica-
tions including corrosion resistance,[10,11] 
antifouling,[12] anti-icing,[13,14] and 
drag-reduction.[15] A number of methods 
have been demonstrated to create super-
amphiphobic surfaces, including spraying, 
dip coating, layer-by-layer assembly, 
photolithography, and chemical vapor 
deposition.[16–20] However, the fabrication 
of superamphiphobic surfaces is still a 
major challenge, since these methods are 
complicated and the coatings are prone to 

degradation. A robust and effective method is required to pro-
duce superamphiphobic surfaces.

A superamphiphobic surface, with ultrahigh SCA, but 
ultralow adhesion, is an ideal liquid-repellent surface. Liquid 
droplets on such surfaces can easily roll off even if the sub-
strate is slightly tilted. Differently, the high-adhesion super-
amphiphobic surfaces can be useful in no loss microdroplets 
transportation.[21,22] On ultrahigh adhesion surfaces, SCA of 
liquid droplets is usually above 150°, but droplets will stick to 
the surfaces and not roll off, even when the surfaces are upside 
down. Usually, the superamphiphobic surfaces are fabricated 
on materials, such as polydimethylsiloxane, fabrics, and alu-
minum. Unfortunately these materials may lose their superior 
wettability under harsh environments. Polytetrafluoroethylene 
(PTFE) has a very low surface energy and is a promising can-
didate for superamphiphobic surfaces. Moreover, PTFE is 
widely used in industry and daily life, due to its acid, alkali, and 
extreme temperature resistance.[23,24] However, these properties 
also create challenges when fabricating micro/nanostructures 
on PTFE surfaces using traditional methods, such as thermal 
annealing and chemical etching.[25] Currently, femtosecond 
(fs) laser with extremely high peak power and ultrashort pulse 
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duration is widely applied in fabricating micro/nanostructures 
on various materials to obtain superhydrophobic and supero-
leophobic surfaces.[26–29] It has been demonstrated that by using 
laser processing, adhesion-tunable superhydrophobic PTFE 
surfaces can be obtained.[30] A superhydrophobic and supero-
leophobic PTFE surface with high contrast adhesion has also 
been reported.[31] Previous works usually use a Gaussian beam 
to produce 1D microgrooves. However, it is difficult to fabri-
cate high-aspect-ratio grooves using a Gaussian beam, due to 
its strong focusing that limits the longitudinal energy distribu-
tion. As a result, the obtained surfaces can only achieve either 
superhydrophobic surfaces with tunable adhesion or super-
amphiphobic surfaces with high adhesion.[30,31] Compared to 
a Gaussian beam, a Bessel beam can maintain near constant 
profile over a longer distance. Furthermore, a Gaussian beam 
can suffer from nonlinear beam distortion when the laser 
intensity is higher than the ablation level, while a Bessel beam 
is immune to such instabilities.[32,33] As a result, a Bessel beam 
is more suitable for processing high-aspect-ratio microgrooves 
on materials. However, surface structuring of PTFE has never 
been studied with fs laser Bessel beam.

In this paper, we fabricate superamphiphobic surfaces on 
PTFE with fs laser Bessel beam. Compared to previous struc-
tures which are mostly based on 1D microstructure,[7,12,34,35] 
our structures are more complex, characterized by highly uni-
form 2D periodic high-aspect-ratio hill-groove structures cov-
ered with extensive porous-mesh nanostructures. In addition, 
due to the Bessel beam, the profile of these microstructures 
has a nearly perfect semi-spherical shape, rather than a pyram-
idal shape. It is shown that semi-spherical shapes have better 
water and oil repellent performance than pyramidal shapes. 
As a result, the processed surfaces become superamphiphobic, 
exhibiting SCA larger than 150° and sliding angle (SA) less 
than 10° for both water and edible oil. By changing the laser 
processing parameters the adhesion of the laser-treated sur-
faces can be tuned from ultralow to ultrahigh. The ultralow 
adhesion surfaces have both antifog and anti-icing properties, 
while the ultrahigh adhesion surfaces can collect water and oil 
droplets. In addition, the high-temperature tolerance of these 
superamphiphobic surfaces has been systematically studied.

2. Results and Discussion

Figure S1 in the Supporting Information shows the experi-
mental setup used to process the PTFE sample. An industrial 
PTFE sheet with a thickness of 1  mm is mounted on a 2D 
translation stage with movement controlled by a computer. By 
using an axicon lens, the fs laser pulses are spatially shaped 
from a Gaussian beam to a Bessel beam. The fs laser Bessel 
beam is focused on the PTFE surface with a lens (focal length 
of 25.4 mm). In this experiment, the laser power is set constant 
at 500 mW. The period of the laser scanning lines is tuned by 
a control program. In contrast to a Gaussian beam, the Bessel 
beam has a more uniform energy distribution over a longer 
focusing range along the beam propagation direction, which 
means high-aspect-ratio grooves can be obtained, as shown 
in Figure S2 in the Supporting Information. The aspect ratio 
of the microgrooves fabricated by a Bessel beam increased 

by a factor of 3.8 compared to the microgrooves fabricated by 
a Gaussian beam by using the same pulse energy and scan-
ning speed. Moreover, during fs laser processing, the different 
focusing geometry of the beam will result in a different profile 
processed on the surface of the sample. This means that the 
morphologies of prepared microstructures depend on the laser 
spatial intensity distribution.[32] Figure S1b,c in the Supporting 
Information shows the Gaussian beam and Bessel beam spatial 
intensity distribution, respectively. As a result, using the Bessel 
beam, the profile of the obtained structures has a nearly per-
fect semi-spherical shape (Figure 1b), rather than a pyramidal 
shape (Figure  1a). Figure  1c shows the water and oil contact 
angles between the Gaussian beam and Bessel beam processed 
surfaces. In both cases the Bessel beam produces better results; 
particularly, for oil, the surfaces processed by the Bessel beam 
show significantly better results, which can be attributed to 
the different micro/nanostructures processed by the different 
beams. Compared to previous structures which are mostly 
based on 1D microstructure,[7,12,32,33] our structures are more 
complex. Figure  1d shows the scanning electron microscope 
(SEM) images of the prepared PTFE surfaces fabricated with 
a scanning speed of 1 mm s−1. The surfaces are characterized 
by uniform 2D periodic high-aspect-ratio hill-groove structures 
covered with extensive nanostructures. The average width and 
depth of the grooves are about 50 and 60 µm, respectively. In 
contrast to the bare PTFE surface, the liquid repellence of the 
prepared PTFE surface is stable over a broad range of com-
plex liquids, such as drinking water (72.8  mN  m−1), coffee 
(69.0 mN m−1), milk (66.0 mN m−1), glycerol (64 mN m−1), veg-
etable oil (35 mN m−1), and olive oil (32.5 mN m−1). As shown 
in Figure  2, these liquids can easily slide down the prepared 
surfaces with a tilt of less than 10°. Figure  2b shows that the 
untreated sample is polluted by oil liquids, while the laser-
treated sample maintains a clean state without any residual oil. 
This means the prepared surfaces have good antifouling char-
acteristics. To measure the SCA and SA of the prepared sur-
faces, microsyringes are used to drop 6  µL water/oil droplets 
on the center of each surface. The prepared surface exhibits an 
SCA of 166° ± 1° for water and 160° ± 1.5° for edible oil, respec-
tively, is an excellent superamphiphobic surface.

In contrast to previous structures which are mostly based on 
1D microstructure,[7,12,34,35] our 2D-patterned structures achieve 
better wettability. When droplet is in contact with the prepared 
surface, the 1D-patterned structures need a set of lines to hold 
the liquid droplet, while the 2D-patterned structures may need 
only several points, as shown in Figure S3a in the Supporting 
Information. Moreover, our 2D hill-groove structures show a 
high-aspect-ratio and are covered with numerous porous-mesh 
nanostructures, which are good superamphiphobic structures.

The scanning period shown in Figure  1d is a most crucial 
structure parameter, which has an important effect on the 
water/oil SCA and SA of the prepared surfaces. Figure 3a shows 
the typical laser confocal microscope images of the prepared 
surfaces with a period of 50 µm. With an increased period, the 
structures change from 2D-microdomes to 2D-microcubes, 
as shown in Figure  3b. The 2D-microcubes include the laser 
treated (structured) microgrooves and untreated (unstruc-
tured) square arrays. Figure 4 shows the relationships between 
the period and the SCA/SA of water and oil with volume of 
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Figure 1.  The surfaces treated by a) Gaussian beam and b) Bessel beam. c) Water and oil contact angle comparison between the Gaussian beam 
and Bessel beam. d) SEM images of prepared PTFE surfaces fabricated at the scanning speed of 1 mm s−1. e) Large-magnification SEM image of the 
structure irradiated by fs laser pulses.



www.advancedsciencenews.com

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1900550  (4 of 9)

www.advmatinterfaces.de

6  µL). The result shows that the SCA of water and oil origi-
nally decreases with increasing period, while the SA sharply 
increases from almost 0° to 90°. Therefore by adjusting the 
period, the adhesion of the surface can be tuned from ultralow 
to ultrahigh, as shown in Figure  3c,d. The water/oil droplet 
from a microsyringe will remain suspended on the tip of the 
syringe, even after contact with the prepared surfaces with 
ultralow adhesion. This is done by having the microsyringe 

with the water/oil droplet slowly approach the surface and then 
lift off after contact. The suspending water/oil droplet does 
not fall on the prepared surfaces (Movie S1, Supporting Infor-
mation). This means that the prepared surface’s adhesion is 
negligible. As the period increased to 200 µm, there are some 
untreated areas of the surfaces resulting in a higher adhesion 
than the treated surfaces. Consequently, the water/oil droplet 
will adhere to the surfaces, as shown in Figure 3d (Movie S2, 
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Figure 3.  a) Laser confocal microscope image of prepared surfaces with different period: a) 50 µm and b) 200 µm. Water adhesion of the fs laser 
structured surfaces, photographs of a 6 µL water droplet contacting and leaving with the laser induced surfaces with period c) 50 µm and d) 200 µm. 
e) Time sequence of snapshots of an oil droplet rolling on the surfaces tilted 0.5° with period 50 µm. f) Prepared surfaces with period 200 µm at 
different angle tilted.

Figure 2.  a) Optical photographs of water, vegetable oil, milk, coffee, glycerol, and olive oil drops on the untreated (left) and treated (right) PTFE.  
b) Comparison of the wettability of oil droplets on the untreated (left) and treated (right) PTFE surfaces. c) The SCA of bare PTFE and treated PTFE of 
different liquids droplets on the prepared surfaces, and the SA of the treated PTFE of different liquids droplets on the prepared surfaces.
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Supporting Information). Furthermore, the water droplets 
can move very easily even when the prepared surfaces with 
ultralow adhesion are only slightly tilted or shaken (Figure 3e 
and Movie S3, Supporting Information). The oil droplets can 
also move when the prepared surface is titled 7°. Besides SCA 
analysis, we also conduct water and oil advancing contact angle 
(ACA) and receding contact angle (RCA) tests for the prepared 
samples processed with scanning speed of 1 mm s−1 and period 
of 50  µm, as shown in Figure S4 in the Supporting Informa-
tion. The measurement method used is similar to ref. [36]. 

First, we carefully place a water drop of 6  µL volume on the 
prepared surface. Then we gradually tilt the surface and record 
a photo of the droplet using a high-resolution camera. We cap-
tured a photo right before the droplet started to move, as shown 
in Figure S4a in the Supporting Information. The hysteresis 
percentage can be described as [37]

θ θ θ∆ = − ×cos cos
2

100%%
RCA ACA 	 (1)

where θRCA and θACA are the surfaces’ RCA and ACA, 
respectively. According to Equation (1) and Figure S4 in the 
Supporting Information, the hysteresis percentage of the pre-
pared surface is calculated to be 0.3% for water and 2.6% for 
oil. The hysteresis percentage for both water and oil is very 
low, which means that the adhesion of the prepared surface is 
ultralow. For the surface with ultrahigh adhesion, the water/oil 
droplets stick on the processed surfaces even if the surfaces are 
upside down (Figure 3f).

The underlying mechanism of the modulation of superam-
phiphobicity can be attributed to the unique chemical composi-
tion and the micro/nanostructure of the PTFE surface. It is well 
known PTFE has a very low surface energy (20 mN m−1) due to 
its high content of CF2 groups. The surface tension of CF2 is 
lower than 6.7 mN m−1.[38] Furthermore, the numerous porous-
mesh nanostructures covered on the 2D-patterned microstruc-
tures can stabilize the gas absorbed in its concaves and provide 
a steady gas film. In addition, the microgroove processed by the 
fs laser Bessel beam shows a high-aspect-ratio, which allows the 
structures to trap more gas. Also due to different laser spatial 
intensity distribution between the Gaussian beam and Bessel 
beam (as shown in Figure S1b,c, Supporting Information), 
the profile of the obtained structures is a nearly perfect semi-
spherical shape, rather than a pyramidal shape. When a liquid 
droplet is placed on the semi-spherical shape structured sur-
face, a trapped air cushion will form between the droplets and 
the surface. As shown in Figure S4b in the Supporting Infor-
mation, an array of convex liquid meniscuses in the downward 
direction will form between adjacent semi-spherical structures. 
The force exerted on the meniscus will be upright, pushing the 
liquid–air interface toward the top edge of the microdomes/
cubes. In contrast, the pyramidal shape will exert a downward 
force, as discussed in ref. [39]. Therefore our structures exhibit 
superior repellent performance than the pyramidal shaped 
structures. As a result, the low surface energy groups combined 
with the high-aspect-ratio micro/nanostructure exhibit a strong 
repellence to water and oil, achieving superamphiphobicity. 
The adhesion of the prepared surfaces can be attributed to the 
change in the laser structured area and nonstructured domains. 
In contrast to structured surfaces, which show superamphipho-
bicity with ultralow water and oil adhesion, nonstructured sur-
faces shows ordinary amphiphobicity (as shown in Figure  2a) 
with ultrahigh water and oil adhesion. Therefore, the droplet 
on the structured surfaces exists in the Cassie state. The droplet 
is suspended by the gas layer trapped by the micro/nanoscale 
structures, resulting in a discontinuous three-phase contact line 
(TCL). This causes the adhesion of the surfaces to be extremely 
low making the droplets easily roll off. However, the droplets on 
the nonstructured surfaces will form a continuous TCL, which 
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Figure 4.  Relationships between the period and the water and oil SCA 
(left)/SA (right), respectively. The prepared surfaces are irradiated at a 
scanning speed a) 0.5 mm s−1, b) 1 mm s−1, and c) 2 mm s−1, respectively.
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can be considered to be the Wenzel or Young state. The droplets 
can wet the nonstructured surfaces completely, thus, ultrahigh 
water adhesion is observed. Accordingly, when the period is 
larger than 50 µm, the droplets on the surfaces generally exist 
in both the Cassie and Wenzel states. As the period increases, 
the contact state will slowly leave the Cassie state, leading to 
a decline in SCA. On the contrary, the SA will increase as the 
contact state moves into the Young state.

By comparing the SCA/SA of water and oil, using surfaces 
processed with different scanning speeds, we found that the 
optimal scanning speed to achieve superamphiphobic surfaces 
with ultralow adhesion is 1  mm  s−1, as shown in Figure  4b. 
Figure S5 in the Supporting Information shows the SEM 
images of processed surfaces prepared with different speeds. 
It can be clearly seen that the prepared surfaces is covered by 
microscale domes covered with extensive porous-mesh nano-
structures. For water, when the scanning speed is increased, 
the density of nanostructures constantly increases, resulting 
in increased superhydrophobicity. Although when we put the 
6  µL droplets on the prepared surfaces (processed with scan-
ning speed of 2 mm s−1) which were put on a calibrated plat-
form, the droplet could not stabilize on the processed surface, 
as the Movie S4 in the Supporting Information shows. There-
fore we estimate the SCA of the surfaces is approaching 180°. 
For oil, there is a scanning speed threshold of 1 mm s−1. When 
the scanning speed is over the threshold, the depth of the 
microgrooves becomes smaller. The air filled percentage in the 
nanostructure and microstructure is too small to hold the oil 
(but it can hold water), allowing the oil to seep into the laser 
prepared area. Therefore, despite the increased density of the 
nanostructures, the SCA of the oil droplets decreased, as shown 
in Figure 4c.

High-temperature stability is the foundation of potential 
applications for the prepared samples. In this work, superam-
phiphobic surfaces under different temperatures are system-
atically studied. Figure 5a (Figure S6, Supporting Information) 
shows the relationship between temperatures and SCA/SA of 
water (Figure S6, Supporting Information, shows oil). It can 
be clearly seen that the SCA and SA of the prepared surfaces 
changed very little as temperature increased. Although the SCA 
is reduced slightly, it still exceeds 150°. SA is still less than 
10°. Figure  5b,d shows the SEM images of the prepared sur-
faces before and after baking at 200  °C for 24  h. We can see 
that after high-temperature treatment, the nanostructures show 
little change. In the PTFE molecules, the CC bond is covered 
by the F atom. The C and F atoms are joined by covalent bond. 
The energy of CF bond is particularly stable. In addition, the 
(C2F4)n is a very large molecular group, a type of polymer. As a 
result, the surface can maintain high-temperature stability.

In order to test the mechanical properties of the prepared 
superamphiphobic PTFE sample, a bending test is conducted. 
After each bending, droplets are placed on the area where the 
bending occurred. Figure  6b shows water/oil SCA after each 
bending as a function of cycles. The water and oil SCA are 
all between 150° and 168°, indicating that superamphiphobic 
properties are retained even after 50 cycles.

The superamphiphobic PTFE surfaces, with ultralow or 
ultrahigh adhesion exhibit excellent antifog or water/oil collec-
tion properties, respectively, as shown in Figure 7. By exposing 

the untreated and the treated PTFE samples to boiling water/
oil steam, as shown in Figure 7e, the antifog and water/oil col-
lection tests are conducted. Extensive amounts of tiny water/
oil droplets form on the bare surfaces. Some of the larger 
droplets will attach onto the laser treated ultrahigh adhesive 
surface (white outline), which can be used for a water/oil col-
lecting surfaces, shown in Figure  7c,d. Meanwhile the drop-
lets cannot gather and conglutinate on the ultralow adhesion 
surface, achieving antifog property as shown in Figure  7a,b 
(black outline).

The superamphiphobic PTFE surface with ultralow adhe-
sion additionally shows good anti-icing properties. During the 
anti-icing test, the bare sample and prepared samples with 
different adhesion are put into a freezer under conditions 
of −10  °C temperature and 60% humidity. After droplets are 
frozen (30  min), the samples are taken out. The ice droplets 
on the surface with ultrahigh/low adhesion are still in a spher-
ical shape, as shown in Figure  8b. After placing the samples 
in a vertical orientation (as shown in Figure  8c) and slightly 
rocking them, interestingly, the ice easily sheds off from the 
laser treated surfaces with ultralow adhesion, while the ice 
remains on the surfaces with ultrahigh adhesion and the bare 
sample, shown in Figure 8c.

Figure 5.  a) SCAs and SAs of water droplets on the prepared surfaces 
after heating with different temperature for 2 h. b–d) SEM images of the 
prepared surfaces b) before and d) after heating. Panels (c) and (e) show 
selected areas of (b) and (d) registered at a higher magnification.
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3. Conclusion

In conclusion, an effective approach to produce superamphi-
phobic surfaces with controllable adhesion is introduced by 
using fs laser Bessel beam processing. In contrast to previous 
structures mostly based on 1D microstructure and processed 
using a Gaussian beam, our surfaces show highly uniform 
2D periodic hill-groove structures covered with extensive 
porous-mesh nanostructures. Specifically, our 2D hill-groove 
structures have a high-aspect-ratio. This is due to the Bessel 
beam having a more uniform energy distribution over a longer 
focusing range along the beam propagation direction than 
the Gaussian beam. In addition, due to the difference of the 
laser spatial intensity distribution between the Gaussian beam 
and the Bessel beam, the profile of the obtained structures is 
a nearly perfect semi-spherical shape, rather than a pyramidal 
shape. The semi-spherical shaped structures will excite an 
upward force to the water/oil droplets, driving liquid–air inter-
face toward the top edges of the microdomes/cubes. The SCA 
of water and oil on these prepared surfaces can reach up to 
166° and 160°, respectively, and the SA is 0.5° and 7°, respec-
tively. Most importantly, the adhesion of the surfaces can be 
controlled from ultrahigh to ultralow by adjusting the period 
of the 2D-patterned structures. The fabricated surfaces with 
ultralow adhesion show good antifog and anti-icing properties, 

Figure 6.  a) Bending test of the prepared surfaces. b) Water/oil CA after 
each bending as a function of cycles.

Figure 7.  a–d) Antiwater/oil-fog property test: a,b) Ultralow adhesion surfaces for antiwater/oil-fog test. c,d) Ultrahigh adhesion surfaces for antiwater/
oil- fog test. e) Antifog test setup. The white outline shows the fabricated surfaces with ultrahigh adhesion, while the black outline shows the surfaces 
with ultralow adhesion.
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while the surfaces with ultrahigh adhesion can be used for 
water/oil collection. Both surfaces have a good mechanical sta-
bility and are able to sustain a wide range of temperature. The 
superamphiphobic PTFE surfaces with tunable adhesion can 
be used in antifouling, anti-icing, water/oil transport pipelines, 
and harsh environments.

4. Experimental Section
Materials: The industrial PTFE (Ligong, China) sheet with a thickness 

of 1 mm was purchased from Ligong Co. Ltd. The sheets are carefully 
rinsed with alcohol and distilled water before use. Distilled water and 
edible oil are used as the detecting water and oil, respectively.

Femtosecond Laser Processing: A Ti: sapphire regenerative amplifier 
laser system with pulses at a central wavelength of 800  nm, a pulse 
duration of 56 fs, and a repetition rate of 1 kHz was used. The fs laser 
beam is spatially shaped from a Gaussian beam to a Bessel beam by 
using an axicon lens. Usually, the intensity of the transformed Bessel 
beam is weak and not suitable for material processing. To increase 
the Bessel beam intensity, a 4f focusing system is used, resulting in a 
high quality Bessel beam with a significantly enhanced intensity. The 
laser beam is focused on the PTFE surfaces with a lens (focal length of 
25.4 mm). The PTFE sheet is mounted on a 2D translation stage with 
movement controlled by a computer. A mechanical shutter is used, as 
a switch to pass or block the laser pulse. The laser energy incident on 
the sample is controlled by an attenuator that consists of a half-wave 
plate and a linear polarizer. After laser processing, the samples are 
cleaned with alcohol and deionized water in an ultrasonic bath at room 
temperature for 10 min each.

Characterization: The morphology of the superamphiphobic PTFE surfaces 
produced by fs laser pulses is obtained using a SEM (S-4100, Hitachi, Japan) 
and a laser confocal microscope (VK-9700, Keyence, Japan). Deionized 
water (surface tension of 72.8  mN  m−1) and edible oil (vegetable oil, the 
surface tension is about 35 mN m−1, measured by hanging drop method) 
are used to investigate the wettabilities of both water and oil droplets on 
the prepared samples. The SCA and the SA are measured by a contact-angle 
system (SL2000KB, Kino, America). Microsyringes are used to drop 6  µL 
water/oil droplets on the center of each PTFE surface to measure the SCA 
and SA. The temperature tolerance of these samples is tested by an oven 
(Quincy lab, Inc, America, model 10 lab oven).

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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