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Abstract: Robust superhydrophobic surfaces with excellent capacities of repelling water and anti-frosting
are of importance for many mechanical components. In this work, wear-resistant superhydrophobic surfaces
were fabricated by curing a mixture of polyurethane acrylate (PUA) coating and 1H,1H,2H,2H-
Perfluorodecyltrichlorosilane (HFTCS) on titanium alloy (TC4) surfaces decorated with micropillars pattern,
thus, composite functional surfaces with PUA coating in the valleys around the micropillars pattern of TC4
were achieved. Apparent contact angle on fabricated surfaces could reach 167°. Influences of the geometric
parameters of micropillars pattern on the apparent contact angle were investigated, and the corresponding
wear-resistant property was compared. Droplet impact and anti-frosting performances on the prepared surfaces
were highlighted. An optimized design of surface texture with robust superhydrophobicity, controllable
droplet impact, and anti-frosting performances was proposed. This design principle is of promising prospects

for fabricating superhydrophobic surfaces in traditional mechanical systems.
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1 Introduction

Since Young’'s equation was firstly introduced
in 1805, wetting and wettability phenomena at
the surface/interface maintain a research hotspot in
which chemistry, physics, and engineering intersect
[1-8].
superhydrophobicity, have wide applications in self-

Extreme wetting properties, especially
cleaning [9-12], anti-frosting or icing [13-15], directional
transportation [16-18], and condensation heat transfer
[19-21]. Inspired by natural surfaces such as lotus
leaf, micro/nano structured surfaces with unique
superhydrophobic properties had been successfully
fabricated via techniques such as laser etching [22-25],

chemical or electrochemical reaction [26-28], sol-gel

method [29-31], and thermal treatment [32]. Generally,
superhydrophobic surfaces can be achieved by the
means of low surface energy coatings or hierarchical
micro/nano structures, of which the well-known
Wenzel and Cassie-Baxter equations explain the
mechanism to create a high contact angle [33-35].
The  Cassie-Baxter regime represents a
superhydrophobic state that a liquid droplet is
unable to penetrate the valleys between the peaks on
a micro structured surface and then the air is trapped
beneath the droplet. Wenzel regime represents a state
that a liquid droplet penetrates the micro valleys
completely [36, 37]. To generate a stable Cassie-Baxter
state, micro structures are always accompanied by

nano structures to ensure the capillary pressure
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exceeds wetting pressure, enhancing the water-repellent
performance [38-40]. With the assistance of hierarchical
structures, Liu and Kim [41] fabricated superhydrophobic
surfaces even for completely wetting liquids.

In general, micro/nano structures are of poor
mechanical stability, maintaining superhydrophobicity
and mechanical stability is vital for many applications,
such as tribological interfaces where friction and
lubrication both are influenced by contact angles [42]
or biotechnology surfaces where self-cleaning and
avoid-biofouling are required [43]. Over the past
decades, a mass of studies was carried out to
strengthen the micro/nano structures to maintain the
superhydrophobic property. Strategies like optimizing
the geometric morphology of microstructures [44, 45],
replacing the nano structures with stable nanoparticles
[46-48], and employing specific glue or crosslinker to
reinforce the microstructures [49, 50], are all possible
manners to maintain the superhydrophobic property,
while some of them are at the expense of complex
fabrication process or strong dependency of parameters.
Recently, Wang et al. [51] reported a design principle
to create robust superhydrophobicity via structuring
microstructures as an interconnected surface frame
containing pockets that house highly water-repellent
and mechanically fragile nanostructures. Different
from traditional methods that superhydrophobicity
relays on the combined action of micro and nano
structures, this research proposed a new approach that
adopts microstructures and nanostructures to provide
durability and water repellency, respectively.

Inspired by that, here, we proposed a rapid
method to fabricate robust superhydrophobic surfaces.
Decorating titanium alloy surfaces with micropillars
pattern, and coating the valleys around the
pattern with a mixture of polyurethane acrylate
and 1H,1H,2H,2H-Perfluorodecyltrichlorosilane,
superhydrophobicity property was achieved. Micropillars
patterns with different geometric parameters were
fabricated, and the corresponding superhydrophobic
and wear-resistant properties were investigated. The
wetting state and the wear-resistant mechanism
was revealed. Droplet impact and anti-frosting
performances on the designed surfaces were confirmed,
and an optimized design of the surface texture with
robust superhydrophobicity, controllable droplet impact,
and anti-frosting performances was suggested.
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2 Materials and methods
2.1 Materials

The substrates were made of titanium alloy (TC4,
Ti-6Al-4V, Nanjing Iron and Steel Corporation,
China) with a dimension of 20 mm in diameter and
3 mm in thickness. TC4 has favorable high strength,
excellent corrosion, and heat resistance, which is widely
used in aerospace. Making its surface with robust
superhydrophobicity and excellent characteristics of
repelling water and anti-frosting has promising
prospects.

A typical light-curing resin, polyurethane acrylate
(PUA, product number: CN996), was adopted for
surface coating; the reactive diluent (Isobornyl
methacrylate, C;,H»O,) and photoinitiator (1-hydroxy-
cyclohexyl phenyl ketone, C;3H;¢0,) were necessary
components for ultraviolet curing, and these reagents
were purchased from Sartomer, USA. A low surface energy
material, 1H,1H,2H,2H-Perfluorodecyltrichlorosilane
(HFTCS, C;,H,CLFy;S, Aladdin, China) was adopted
for surface modification. All chemicals were
analytically pure and used as received.

2.2 Fabrication

TC4 surfaces were polished via sandpapers to an
average surface roughness of ~0.2 um. The surfaces
were cleaned with ethanol, deionized water, and
blow-dried with nitrogen. A basic PUA mixture was
prepared by blending 61.4 wt%, 16 wt% isobornyl
methacrylate, 2.4 wt% 1-hydroxy-cyclohexyl phenyl
ketone PUA, and 20 wt% HFTCS together. Curing
this PUA mixture on TC4 surfaces via UV-light, the
superhydrophobic property was obtained. The apparent
contact angle on the surface was approximately 156°.
Basic properties of PUA coatings with different HFTCS
contents are provided in Fig. S1 in the Electronic
Supplementary Material (ESM)). Primary experiments
indicated that this superhydrophobic coating was
fragile and highly susceptible to abrasion when
experiencing an external mechanical load and relative
motion. To overcome this limitation, a type of wear-
resistant superhydrophobic surface was designed in the
following section and a constant content of 20 wt%
HFTCS was adopted.
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The detailed fabrication process is shown in Fig. 1(a).
First, micropillars pattern was milled on a smooth TC4
surface via nanosecond laser treatment (KY-M-UV3L,
Wuhan Keyi, China), and the parameter set for
fabrication was similar to our previous work [52], of
which the output power, scanning rate, and pulse
width was 3 W, 50 mm/s, and 0.1 ps, respectively. The
normal processing time is approximately 30 min.
Second, the PUA mixture was coated on the surface
via a spin coating process with an initial rotational
speed of 1,000 rpm for 30 s and a second rotational
speed of 3,000 rpm for 30 s. The surface was then
exposed to ultraviolet light (400 W, 2 min) for curing,
and polished with sandpaper (2,000 mesh) under a
very light hand pressure.

Figure 1(b) shows the progressively enlarged
scanning electron microscopy (SEM) images of a

() Nanosecond laser

prepared surface with a parameter of L = 300 um and
r =64%, where L and r denotes the edge length of the

pillar and the area ratio of PUA coating, respectively
2
L—, where
(L+S)

AS is the distance between two adjacent pillars).

(the area ratio is calculated by: r =1-

Micro square pillars pattern was formed on the TC4
surface, and PUA coating was cured in the surrounding
valleys. The energy dispersive spectrometer (EDS)
results indicate that most PUA coating on the metal
support positions was removed, only with a little
residuum (Fig. S2 in the ESM). Note that the lifetime
of superhydrophobicity is important [53], thus, the
apparent contact angle on this surface with elapsed
time is confirmed. As shown in Fig. 1(c), the initial
apparent contact angle on this surface is as high as
167° and it degrades over time, which is approximately

Superhydrophobic coating
(gray grooves)

» UV-curing »

s Polishing
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Fig. 1 (a) Fabrication process of superhydrophobic surfaces of laser milling, spin coating, UV-curing, and polishing. (b) Progressively
enlarged SEM images of a prepared surface. (c) Apparent contact angle on the prepared surface with elapsed time.
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155° after 2 weeks. Re-polishing (2,000 mesh) this
surface slightly to remove the adsorbed impurities from
the air, the apparent contact angle returns to 166°.
Table 1 lists the geometric parameters of the fabricated
surfaces. Degradation of superhydrophobicity on
these surfaces is approximately 10° for 2 weeks, and
they all can back to the initial superhydrophobicity
again via a re-polishing process.

2.3 Characterization

The apparent contact angle and roll-off angle was
measured via a contact angle measuring instrument
(SL-200B, Solon, China). Micro morphology and optical
topography of the surfaces were measured via a
SEM (JSM-6480LV, JEOL, Japan), a digital microscope

Table 1 Geometric parameters of the fabricated surfaces.

(VHX-600E, Keyence, Japan), and an atomic force
microscope (Icon AFM, Bruker, USA). Droplet impact
process was recorded via a high-speed camera (i-SPEED
726R, iX Cameras, UK). Anti-frosting property was
investigated via a self-made apparatus, of which the
frost mass was measured via a precision electronic
balance (JB5374-91, Mettler Toledo, Switzerland). The
dynamic process was captured by a digital camera
(D750, Nikon, Japan) and a digital microscope, more
detailed information about this experimental apparatus
is provided in Fig. S3 in the ESM.

3 Results and discussion

3.1 Superhydrophobicity

All the prepared surfaces are superhydrophobic and
the roll-off angles are relatively small. As shown in

Tyvpe Edge length, L Area ratio, r Depth
yp (um) (%) (um) Fig. 2(a), when the area ratio is constant (r = 75%), the
100 apparent contact angle on the surface with L = 100 um
Constant area 300 75 is 151°, and it increases to 164° when L= 300 pm, as L
t .
rato 500 further increases to 500 pum, the apparent contact
437 50 angle decreases slightly to 158°. For the roll-off angle,
o it decreases gradually from 3.7° to 2.6° when L
Conlsggtthedge 300 increases from 100 to 500 um. As shown in Fig. 2(b),
7 when the edge length is constant (L = 300 um), the
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Influences of (a) the area ratio of PUA coating and (b) the edge length of the pillar on the apparent contact angle and the roll-off

angle. (c) Schematic diagram of the wetting state of droplets on different surfaces.
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gradually with increasing area ratio. One exception is
that for the area ratio of 64%, the contact angle is
approximately 167°.

The influence of micropillars on the wetting state is
discussed as follows. Young equation describes the
ideal equilibrium contact angle () of a droplet on a
solid surface (Fig. 2(cy)):

Vsv 7L

cosd, =
yLV

)

where y,,7,, and y,, denote the solid/vapor,

solid/liquid, and liquid/vapor surface tension,
respectively. When the surfaces become rough, the
apparent contact angle can be evaluated via the
Wenzel and Cassie-Baxter equations [54].

If a liquid can completely penetrate the micro
valleys (Wenzel state, Fig. 2(c;)), the apparent contact

angle (6, ) can be expressed as
cos@,, =rcosf, (2)

where r is the ratio of the real to the projected area
covered by the liquid.

If a liquid is unable to penetrate the valleys between
the peaks on a micro structured surface and the air is
trapped beneath it (Cassie-Baxter state, Fig. 2(c;)), the
apparent contact angle (6, ) can be expressed as

cosf, = f(cost9E +1)—1 3)

where f is the area fraction of the solid/liquid contact
area.

Following the Wenzel and Cassie-Baxter equations,
the influence of geometric parameters on the apparent
contact angle can be understood. PUA coating and
TC4 micropillars constitute the superhydrophobic
and hydrophilic regions, respectively. Note that PUA
coating around micropillars dips slightly and forms
curved valleys there (Fig. 54 in the ESM), thus the
Cassie—Baxter state holds. When the edge length is
constant (L= 300 um, Fig. 2(b)), increasing the area
ratio r of PUA coating would enhance this wetting
state. When the area ratio is constant (r=75%, Fig. 2(a)),
increasing L of micropillars to 500 um would increase
the hydrophilic region, and liquid tends to wet the
valley, thus the apparent contact angle is nearly the
same as the untextured superhydrophobic surface.

While for L = 100 um, it is estimated that the valleys
are too narrow that less PUA coating is cured inside
(Fig. S4(a) in the ESM). As a result, the apparent
contact angle is even lower than that on the
untextured one. Overall, to achieve a combined
performance of super-hydrophobicity and slippery
(small roll-off angle), micropillars pattern with an
edge length (L) of 300 pm and an area ratio (r) of 64%
is recommended.

3.2 Mechanical stability

Mechanical stability (wear-resistant) of the prepared
surfaces was evaluated via a sandpaper abrasion test
(1,200 mesh). As shown in Fig. 3(a), the specimen (L =
300 pum, r = 85.9%) is fixed on a PMMA holder in a
reciprocating motion (40 cm) under a load of 7 N.
Apparent contact and roll-off angles are plotted as a
function of the abrasion cycle. Note that the apparent
contact angle decreases gradually from 156° to 130°
within 70 cycles, and then remains unchanged. The
roll-off angle increases very slowly within the initial
40 cycles (<10°), and after 50 cycles, droplets cannot
roll off from the surface even tilting it to 90° or
upside down (insets).

To determine the mechanism, EDS images of the
metal support and the valley positions on the surface
are presented in Fig. 3(b) (acceleration voltage of 15.0
kV and take-off angle of 35.0°). Referring to the
chemical composition of the PUA coating (Fig. 52(a)
in the ESM), it can be confirmed that most PUA on
the metal support was removed (Area 2), only with a
little residuum. The chemical composition is complex
at the valley positions (Area 1), since not only PUA
coating, but also worn TC4 particles exist there. It
means that wear particles were generated from TC4
pillars within the reciprocating process, and they
were inlaid into the PUA coating within the sliding
process, as the schematic diagram in Fig. 3(c) indicated.
Note that the magnitude of the free surface energy
of TC4 (~10° mJ/m?) is much higher than that of PUA
coating (~10' mJ/m?). The free surface energy is
increased with the accumulation of TC4 particles in
the curved valley of PUA coating, and the curved
valley becomes smooth as the abrasion progresses,
thus less air would be trapped inside the valleys.
These together yield a decrement of apparent contact
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Fig. 3 Mechanical stability experiments of the prepared surface. (a) Apparent contact angle and roll-off angle on the surface with
increasing cycles; (b) EDS images of the metal support and the valley positions on the surface; and (c¢) schematic diagram of the

wear-resistant mechanism.

angle and an increment of roll-off angle with increasing
cycles. It is believed that the excellent wear-resistance
performance is attributed to the metal supports, and
the superhydrophobicity capacity is contributed by
the PUA coating.

Figure 4 exhibits the detailed mechanical stability
and the microscopic images of all prepared surfaces
under a load of 7 N and 100 cycles (each 40 cm). As
shown in Figs. 4(a) and 4(a’), on patterned surfaces
with a fixed area ratio r of 75%, when L = 100 pum, the
apparent contact angle is 110°, and it increases to
135° as L increases to 500 um. It is because the stress
concentration around the micropillars with a larger
L is much lower than that with a smaller L, the
corresponding wear particles would be much less
[55]. Referring to Fig. 3(c), less worn particles would
have a weaker effect on the degeneration of the
superhydrophobicity of the PUA coating. As a result,
the apparent contact angle just slightly decreases.

As shown in Figs. 4(b) and 4(b'), on patterned

Tsinghua University Press

surfaces with a fixed edge length L of 300 um, the
apparent contact angle increases from 95° to 132° as
the area ratio increases from 43.7% to 85.9%. It is
because the stress concentration around the micropillars
with a constant L is nearly the same, thus they have a
similar wear-resistant performance. In the meanwhile,
as the area ratio exceeds 50%, the PUA coating
would have a dominant role, enhancing the
superhydrophobicity. Overall, the magnitude of the
degeneration of the superhydrophobicity of these
prepared surfaces is similar to that reported in Ref.
[51]. Micropillars with a larger edge length or PUA
coating with a larger area ratio is recommended to
achieve a mechanically durable superhydrophobic

property.
3.3 Droplet impact performance

Figure 5(a) shows the water droplets (diameter of
3.1 mm) impacting process on the fabricated surfaces
under different conditions. Four typical impacting
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Fig. 5 (a) Four typical impact phenomena of water droplets on the fabricated surfaces; (b) dynamic impacting and bouncing process of
a water droplet on the smooth TC4 surface with PUA coating and the detailed spreading diameter with elapsed time; and (c) influence of
impact velocity on the maximum spreading diameter on the structured surface of L =300 um and » = 64%.

phenomena of breakup, single central bounce, partial
bounce, and complete bounce are observed, which
depend on the impact velocity and the surface
structure. The detailed impacting and bouncing process
on the smooth TC4 surface with PUA coating (fourth
panel in Fig. 5(a)), and the corresponding spreading
diameter with elapsed time is shown in Fig. 5(b).
Droplet undergoes a general process of impacting,

spreading, retracting, and complete bouncing. It
spreads to the maximum diameter within 5.9 ms and
retracts gradually to the center within 22.7 ms before
completely bouncing. The time from retracting to
bouncing is nearly three times longer than that of
spreading to the maximum diameter. Figure 5(c)
shows the influence of impact velocity (diameter of
3.1 mm) on the maximum spreading diameter on the
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structured surface of L = 300 pm and r = 64% (details
are provided in Fig. S5 in the ESM). It can be seen
that the maximum spreading diameter (the diameter
before the droplet begins to retract) increases gradually
with increasing impact velocity, and it is regarded as
zero since the droplet breakup at a velocity of 2.5 m/s.
This trend can be understood from the perspective of
energy conversion. As the droplet impact progresses,
a transformation between kinetic energy, surface
energy, and viscous dissipation energy occurs.
Note that the roll-off angles are small enough on
superhydrophobic surfaces (Fig. 2), thus, the initial
kinetic energy mainly transforms into surface energy,
resulting in deformation. Droplet deformation is
relatively smooth under a low impact velocity, and
the intensity becomes strong as the velocity increases.
Once the deformation can no longer absorb the initial
kinetic energy, droplets would break up into small
ones and splash out to consume the excess kinetic
energy. For the sake of comparison, a small impact
velocity of 0.5 m/s is adopted to evaluate the
fabricated surfaces with different parameters.

Figure 6(a) shows the dynamic repelling performances
of water droplets on all designed surfaces with a
diameter of 3.1 mm and an impact velocity of 0.5 m/s.
Since the initial smooth TC4 surface is hydrophilic
and the impact velocity is relatively small, the droplet
would just impact and spread on it, without any
bouncing. Here, the untextured superhydrophobic
surface is compared. All droplets bounced in a pancake
shape, and the contacting time is dramatically reduced
when the surfaces are featured with micropillars. The

spreading time (from contact to max spreading
diameter), the contracting time (from max spreading
diameter to detachment), and the contacting time
(from contact to detachment) are compared in Fig. 6(b).
Note that the untextured surface has the longest
contacting time (~22.7 ms), for micropillars pattern
with a smaller edge length or a larger area ratio, the
contact time would be shorter. Patterned surface with
L =100 um and r =75% or L =300 pm and r = 85.9% has
a relatively short contacting time of 17.8 and 17.5 ms,
respectively; this time decreases nearly 25% compared
to that of the untextured one, which is a benefit for

enhancing the water resistance performance.
It is known that the surface energy of a droplet (E, )

satisfies Eq. (4):
E ~my,,D*( —cosf

adv

cosé

rec

)

where D is the droplet diameter, 6 and 6, are the

4)

receding and advancing contact angle, respectively.

The initial kinetic energy of a droplet (E, ) can be

estimated by [56]:
E =~ i7'ch3V2 (5)
12
where p is the density and V is the impacting
velocity.

For the surface deformation to accommodate the
kinetic energy, the order of magnitude of E_ and E,
should be the same. For the tested water droplets
(7,y=72 mN-m", p=1,000 kgm?® D = 3.1 mm, .=
~2°, 6.4y = ~160°), the corresponding impact velocity
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Fig. 6 Droplet impact performance of the prepared superhydrophobic surfaces. Dynamic process with (a) elapsed time and

(b) contacting time.
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should be no less than 0.2 m/s. In this study, all water
droplets can bounce since the experimental impacting
velocities are higher than 0.5 m/s. The ratio of the
kinetic and surface energies can also be characterized

2
by the nondimensional Weber number ('0 VD

). For

7 LV
all droplets under consideration, the order of magnitude
of Weber number is 10, which is high enough for
bouncing.

3.4 Anti-frosting performance

Figure 7 present an intuitive comparison between
the frosting process on the smooth and patterned (L =
300 pm, r = 85.9%) surfaces within 6 min. Seeing from
the side view in Fig. 7(a), an obvious difference
occurs after 4 min, that is, much more water frosts on
the smooth TC4 surface than that on the patterned
one, and the final frost layer thickness on the smooth
surface are much thicker. As the grid’s eye view in

(a) Smooth

300 pm, 85.9%

st layer
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(do) LCoagulating

Frost layer
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Fig. 7(c) indicates, a large area of frost is generated on
the smooth surface, while the frost is sporadically
generated on the patterned surface.

The frost mass on these fabricated surfaces
within 6 min is measured and shown in Fig. 7(b).
Compared to the smooth TC4 surface, most fabricated
superhydrophobic surfaces have an excellent anti-
frosting performance, except the surface with L =
500 pm and r = 75%. Note that decreasing the edge
length L (blue histogram) or increasing the area ratio
r (red histogram) would enhance the anti-frosting
performance. On the surface with a pattern of L =
100 pm and r =75% or L = 300 um and r = 85.9%, the
frost mass is reduced by 50% more than that on the
untreated one. It is confirmed that the fabricated
superhydrophobic surface has an excellent anti-frosting
performance, and some reported work indicates that
superhydrophobic treatment on steel surfaces could
increase the frozen time to approximately 50% or less
[57, 58].

Length (um)
Surface

’

Fig. 7 Frost resistance phenomena of the smooth TC4 surface and the fabricated surface (L = 300 um, » = 85.9%) within 6 min. (a) Side

view; (b) frost resistance performances of all fabricated surfaces; (c) bird’s eye view; and (d) mechanism.
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The anti-frosting mechanism is explained as follows.
As shown in Fig. 7(d,), vaporous water gradually
coagulates on the smooth TC4 surface; as time elapses,
a frost layer is formed on the TC4 surface associated
with micro frost needles on the top (seeing from the
fourth panel in Fig. 7(a)), this frost layer would
hinder the frosting process to some extent. As shown
in Fig. 7(d;), when TC4 surfaces are decorated with
micropillars of a small edge length L or a large area
density, PUA coating would slow down the coagulation
progress, exhibiting an anti-frosting capacity; as time
elapses, droplets would merge on the conjoint pillars,
resulting in a degradation of anti-frosting capacity,
while it is still better than the smooth one. Differently,
for micropillars with a large edge length (L = 500 pm),
large water droplets coagulate and merge between
conjoint pillars; besides, frost layers can hardly
generate on the surface. As a result, the frosting
process is enhanced.

3.5 Further discussion and outlook

Overall, it is confirmed that the fabricated surfaces
are with robust superhydrophobicity, wear-resistant,
controllable droplet impact, and anti-frosting
performances. These characteristics have promising
prospects in many applications. Metal support is the
key factor for enhancing the anti-wear performance
and PUA coating with a larger area ratio contributes to
the superhydrophobicity. Parameter optimization of
the micropillars pattern is suggested to enhance the
anti-resistant capacity for the potential application.
For controllable droplet impact and anti-frosting
performances, it is confirmed that a small edge length
or a larger area ratio would yield a shorter contacting
time (Fig. 6(b)) and a smaller frost mass (Fig. 7(b)).
The trend is in accordance with the trend of apparent
contact angle on these surfaces, although some
small fluctuations exist. Generally, it is believed that
enhancing the superhydrophobicity would contribute
to a shorter droplet impact time and excellent
anti-frosting performance.

Although TC4 was used as the basic material
in this work, its dominant role is providing shelter
for the superhydrophobic PUA coating. It can be
determined that this fabrication method is suitable

f
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for most metal materials. As we know, laser etching
is of high efficiency compared to traditional electron
or ion-beam lithographic methods in fabricating
micro structures [59]. For the fabricated surface
textures with dimensions of 100-500 pum in this study,
the mean processing efficiency of nanosecond laser
etching (laser power of 3 W) and PUA coating
(ultraviolet light power of 400 W) is approximately
15 and 100 mm?*/min, respectively. Combining laser
etching and PUA coating to achieve high-performance
robust superhydrophobic surfaces is of significant
advantage, which would be suitable for rapid
large-scale surface manufacturing in the future with
the rational use of industrial-grade high power laser
and ultraviolet light.

4 Conclusions

In this work, we proposed a feasible method to fabricate
robust superhydrophobic surfaces. Polyurethane
acrylate (PUA) coating with 20 wt% or higher
1H,1H,2H,2H-Perfluorodecyltrichlorosilane (HFTCS)
content is of excellent superhydrophobic capacity.
Via fabricating micropillars pattern on titanium alloy
(TC4) surfaces and curing PUA coating in the valleys
around the pattern, robust superhydrophobicity is
achieved, of which metal micropillars pattern and PUA
coating provide wear-resistant and superhydrophobicity,
respectively. The apparent contact angle on fabricated
surfaces could reach 167°. Micropillars pattern with a
larger edge length or PUA coating with a larger area
ratio is suggested to achieve a mechanically durable
superhydrophobic property. The parameter of L =
300 pm and r = 85.9% is highly recommended to
achieve excellent droplet impacting and anti-frosting
performances. The proposed design principle is of
potential applications to improve the performance of
traditional mechanical systems.
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