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Abstract

Superhydrophobic durability or robustness refers to the ability of a super-
hydrophobic coating to maintain its structure and resist external mechanical
damage over time since it depends on this ability to be marketable. We developed
a superhydrophobic coating surface based on a composite of SiO,-nanoparti-
cles, polystyrene (GPPS), and a non-solvent. The SiO,/GPPS superhydrophobic
composite coating has an apparent static contact angle (ASCA) with water of
~156.72+0.53° and a water slip angle of ~3.520.32° these values are similar
when the superhydrophobic coating are applied on different substrates surfaces.
The durability of the superhydrophobic coating was investigated by applying
different tests both in laboratory conditions and in natural environments. After
each test, changes in the topography (mechanical wear) of the coating surface
were examined by scanning electron microscopy. The superhydrophobic coating
on quarry table tile substrate showed outstanding resistance against mechanical
damage, including sticking, tangential abrasion, sharp scratching, thermal stabi-
lity, and chemical corrosion while retaining its superhydrophobicity. The coated
quarry table tile also showed excellent durability against the impact of water
drops, but poor stability to ultraviolet (UV) radiation, and more importantly, the
ceramic essentially showed high repellency to different liquids and, moreover,
showed remarkable self-cleaning effect, highlighting its potential use in various
practical applications.

Keywords: Superhydrophobicity, Polystyrene Nanocomposite, Self-cleaning
Surface, Mechanical Durability, Spray Coating, Sol-Gel Method, Robust Coating;
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1. Introduction

The ability of superhydrophobic surfaces to stay dry [1], self-cleaning [2],
and anti-corrosion [3] is one of the most discussed topics at the present due
to several practical applications across a wide range of areas, including buil-
dings [4], textiles [5], medicine [6], drag reduction during fluid transportation
[7, 8] and many others. It is well known that when water droplets get into con-
tact with these surfaces, they must have high apparent static contact angles (>
150°) and low rolling-off angles (< 10°). This is possible for surfaces that have
low-surface-energy chemistry and micro- or nanoscale surface roughness, which
minimizes contact between the liquid and the solid surface [9 — 11]. Nevertheless,
rough surfaces, where only a small fraction of the total area is in contact with the
liquid, are very fragile and can be easily destroyed by light friction on the surface.

Up to date, most superhydrophobic surfaces have poor durability and tend
to lose their anti-wetting properties even a slight friction or mechanical contact
on the surface. The problem of durability or stability refers to wear by exploi-
ting the hierarchical roughness or wear of the low surface energy coating or
damage of both. However, mechanical contact not only causes damage to rou-
ghness topography but also surface contamination, which shortens the lifetime
of superhydrophobic surfaces despite the self-cleaning effect. Thus, durability
knowledge of a water-repellent surface is extremely important for applications in
practical life, which determines whether superhydrophobic surfaces can be used
in the area, and the performance of the devices in the long-term operation [12].

Nowadays, studies have begun to address the mechanical durability and a lot of
characterization technique have been proposed, probing different aspects of dura-
bility on such surfaces (i.e., mechanical abrasion, dynamic impact, chemicals, severe
environmental conditions, etc.) [13]. This in turn has led to the invention of new
and more durable superhydrophobic surfaces. A few recent reviews exist which co-
ver some aspects of characterization, enhancing the robustness of the hierarchical
structure, and fabricating with hydrophobic materials. Several new strategies have
been developed to address and solve this issue, for example, the use of a bonding
layer [14, 15] strengthens the bond between the coating and the substrate, the ran-
dom introduction of discrete microstructures [16 — 18] withstands the force of
abrasion allowing the abrasion to wear away the top layers of the self-similar struc-
ture, these strategies have resulted in only modest improvements in robustness. To
date, new strategic designs continue to be implemented to improve the mechanical
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robustness of superhydrophobic coatings. Therefore, more efforts are still required
to develop a highly robust superhydrophobic surface for industrial applications.

In this research, we successfully developed a semi-transparent, and mechani-
cally stable superhydrophobic coating by Sol-Gel method. The product can be
easily applied by Spray-coating technique on different kinds of solid substrates
to create superhydrophobic surfaces with extremely high-water contact angles
and low roll-off angles. The fabricated superhydrophobic surfaces were applied
on different substrates, their repellency with different liquids was treated, and
their self-cleaning effect was tested with water drops. The developed coatings
were tested under adverse conditions such as tangential abrasion, temperature,
tape peeling, sharp scratching, chemical corrosion, water droplet impact, and the

severe environment.

The developed coating exhibits excellent stability for various wear tests and its
self-cleaning effect promotes great potential for practical outdoor applications.
In brief, the design and fabrication of durable and chemically stable superhydro-
phobic surfaces has become increasingly significant and practical.

2. Experimental Section
2.1. Materials

General Purpose Polystyrene granules (GPPS grade HF 777), melt flow index
(MFI)=8 ¢/10 min obtained from Resitene S.A. of C.V. (CDMX, Mexico). Hy-
drophobic Fumed Silica (HFS, AEROSIL R972) (Silica, SiO,) purchased from
First Quality Chemicals, S.A. of C.V. (State of Mexico, Mexico) and used as
received. AEROSIL R972 is a fumed silica after-treated with DDS (Dimethyldi-
chlorosilane), it has a specific surface area of 90-130 m2/g and primary particle
size of 16 nm. Tetrahydrofuran (THF) and Absolute Ethyl Alcohol (Ethanol,
EtOH) were supplied from Merck (Darmstadt, Mexico) and used as received.

2.2. Methods

2.2.1. Preparation of the coating solution

The precursor coating solution was prepared as follows. GPPS solution at
2 wt% was prepared by dissolving GPPS granules into the solvent (THF) at
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room temperature for 30 minutes, then, EtOH was slowly added to complete
a solvent-nonsolvent ratio of 75:25 (THF/EtOH) and stirring for 15 minutes.
Finally, 2 known amount of SiO -nanoparticles (36 wt%) were dispersed with
the master solution while magnetically stirring for 1 hour until a homogeneous
mixture was obtained.

The variables conditions for the superhydrophobic coating were content of
SiO,-nanoparticles at 36 wt%, substrate temperature at 150 °C, and substrate
drying time at 50 min. Under these conditions, the surface is extremely rough,
inducing non-wetting properties that are virtually unaffected by the underlaying
substrate.

2.2.2. Deposition of the coating solution

CICATA"
Legaria

Figure 1. Image of the experimental spray coating set-up (airbrush + hot plate).

The coating solution were deposited by using the configuration in our pre-
vious paper. A simple commercial airbrush (Trupper Aero-35) system supplied
by air compressor and fixed on a mechanic arm over a hot plate was used for the
spray-coating, The spray distance from the substrate was held constant at 25 cm
and air pressure at 45 psi. The solutions were sprayed onto clean substrates for
5 s. This procedure was repeated for 5 times with a time interval of 2 min. The
airbrush was slowly moved laterally to make a uniform coating on the substrates.
All films were made by this configuration technique. The representative image
of the airbrush spray-coating setup is shown in Figure 1. For all substrates, the
substrate temperature at 150 °C and the substrate drying time at 50 min. These
precursor coating preparation conditions induce non-wetting properties that are
virtually unaffected by the underlying substrate.
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2.3. Characterizations

2.3.1. Superhydrophobic properties measurements

The surface roughness parameter (average roughness, Ra) was obtained by
Dektak3 Surface Profilometer. The arithmetic average roughness value Ra reacts
to hills and valleys, the measured length (In) was 2000 um at a speed of 2um/s.
Apparent Static Contact Angle (ASCA) measurements of the superhydrophobic
films were performed by the sessile drop method using a micro-pipette and tap
water. The reported ASCAs are the mean values of measurements on a 10 uL.
water droplet at five different positions on each sample. Roll-off /Sliding Angles
(SA) were determined by slowly tilting the sample stage until the 10 uL. water dro-
plet started to move. This measurement was performed 5 times for each sample,
and all reported ASCA and SA are averages of the five measurements.

2.3.2. Superhydrophobic robustness tests
2.3.2.1. Adhesion test

Tape-peeling test was conducted to assess the adhesion stability of the hybrid
superhydrophobic coating, The tape-peeling test was carried out using a 3M duct
tape, based on the ASTM D3359-02 standard. The tape has a thickness of 0.19 mm
and width of 46 mm which is just enough to cover the surface of the substrate. The
pressure was laid by using a cylindrical aluminum block (5.0 kg) as a roller (Figure
2) across the coated surface to ensure a good contact with the coating, then slowly
pulled away from the sample surface, and this process was repeated for 10 times at
the sample place using a new tape. The non-wetting properties, i.e., apparent static
contact angle (ASCA) and sliding angle (SA) are evaluated after each peeling cycle.

Weight

3M duct tape

Figure 2. Photograph showing

the tape-peeling test.
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2.3.2.2. Tangential abrasion test

Wear abrasion test was conducted as illustrated in Figure 3. In this test, the
sample is positioned on a 600-grit size sandpaper with the coated surface in con-
tact with the sandpaper and on top of samples surface placed 320 g of weight is
placed. In the first step, the sample travels a distance of 10 cm on the sandpaper,
and then the sample is rotated 90°. In the second step, the sample returns to its
original position with a travel distance of 10 cm. These two steps are considered as
one abrasion cycle. A total of 10 abrasion test cycles are carry out that correspond
to a total travel distance of 200 cm. The pressure applied on the surface during the
test was approximately 2.33 kPa, according to the size of the piece of quarry table
tile of 45 x 30 mm and 320 g of weight on it. After each abrasion, the superhydro-
phobic surfaces were cleaned by blown with air. The values of the ASCA and SA
measurements were taken after every abrasion linear cycle on the material.

Moving direction

Superhydrophobic substrate

600 GRIT sandpaper

Figure 3. Photograph of the abrasion test of superhydrophobic surface.
2.3.2.3. Sharp scratch test

The sharp object scratch test was conducted by using a steel blade as the
indenter. The coated samples were placed on a flat smooth stage. The flat steel
blade was then dragged by hand in two directions perpendicular to the sample
dimensions. In this test, the pressure applied to the top surface of the superhy-
drophobic film is sufficient to severe damage it.
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2.3.2.4. Dynamic impact test

Water-droplet impact experiment was performed and the impingement process
of water droplets on the surface was captured by a high-speed camera fitted with
a macro lens. The continuous water drops apparatus was homebuilt as shown in
Figure 4. The test was carried out following some steps as reported [19 — 21]. The
superhydrophobic sample was mounted on a lab tripod stage and place at 35 cm
below the shower head water drops exit. The water-droplet impact experiment is
supplied with a laboratory peristaltic pump with a velocity of 10 rpm to create a
water mass flow rate of 1.8 L/min. Droplets wete impacted onto the superhydro-
phobic sample during 10 min. After drops impact interval, the samples are shaken
by hand for 2 minutes to remove embedded drops on the surface, then the tested
surface is blown with compressed air 1 minute from approximately 10 cm to re-
move the drops remaining, all this process was repeated 6 times for a same sample.
After 6-time intervals, equaling a total of 60 minutes, the sample was heated at 100
°C for 40 min to evaporate any water trapped inside the surface asperities.

Figure 4. Photo of the water droplets impact test set-up.

2.3.2.5. Environmental test

In order to test the practical performance and durability of the superhydrophobic
samples, outdoor weathering test was carried out for a testing period of 2 months (60
days) on the roof of a tall building in Mexico City. Samples were placed horizontally.
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Under outdoor weathering, the superhydrophobic coating is exposed against harsh
environmental ageing, i.e., heat, moisture, acidic rainfall, and UV radiation. The per-
formance analysis of the superhydrophobic sample was caried out by analysis the
ASCA and SA every 10 days till 60 days. ASCA and SA measurements were measured
using the same set-up mentioned eatly at room temperature. The values to be repor-
ted are the average of five measurements made on different areas of the sample.

2.3.2.6. Thermal stability test

The effect of thermal stability was performed by heating the superhydro-
phobic coating into a muffle at a constant temperature. The superhydrophobic
samples were exposed to temperatures of 100 °C for 20 days. ASCA and SA

values were measured after cooling to room temperature every 5 days.
2.3.2.7. Chemical corrosion test

In this research, we evaluated the acid- and alkali-resistant ability of superhydro-
phobic of as-prepared material. The ASCAs of acidic and basic aqueous solutions
with pH ranging from 1 to 14 were measured. For a pH value, five droplets were
placed in different positions for each sample and the ASCA average value was
taken as its ASCA value, all measurements were carried out at room temperature.

3. Finding and Discussion

3.1. Weuability of the surfaces: Application on different substrates surfaces

Figure 5. Photo of water droplets deposited on different substrates: a) quarry table tile,
b) glass coverslip, ¢) galvanized steel sheet, d) copper sheet, and ¢) tile.
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The methodology development presented has the advantage that it can be
easily used to treat surfaces of several kinds of substrate. The evidence for this
statement is provided in Figure 5 and Table 1, which show the experimental and
observed results of ASCA, SR, and SA measurements, respectively, carry out
treated surfaces of tile, galvanized steel sheet, and cooper sheet. For comparison,
superhydrophobic properties on glass coverslip and quarry table tile, discussed
previously reported, are also included.

Table 1. Superhydrophobic properties measured on different substrates.

Substrat Predicted values Superhydrophobic properties

strate

. ASCA (°) [SR (am) |ASCA () |SR(@am) |SA ()
Quarry table tile 157.1940.33 | 55.79+0.35 | 3.2+0.15
Glass coverslip 156.76%10.52 | 54.32+0.63 | 3.4+0.45
if:mzed“ed 156.51 | 54.62 156.1940.67 |54.06+0.73 | 3.5+0.13
Cooper sheet 156.19+0.74 | 55.46+0.43 | 3.4+0.53
Tile 157.2740.37 |55.75+0.84 |3.2+0.35

As we can see, the values of ASCA and SR that correspond to the five subs-
trates are in agreement with the expected experimental value. ASCA, SR, and
SA reported in Table 1 for various treated substrates show narrow ranges of
variations, this could be attributed to the difference on the roughnesses of the
substrate materials. We can say that our superhydrophobic coating deposited on
these substrates are not affected by the type of substrate surface.

3.2. Wettability of the surfaces: Application with different kinds of
liquids

We evaluated some common liquids, such as tea, orange juice, milk, Coca-Co-
la, and urine. In Figure 6 droplets of different liquids are shown in the shape of
a sphere on the superhydrophobic substrate. The superhydrophobic character of
the coated substrate was evaluated as performed a water droplet by measuring
the ASCA and SA.

The results are shown in Figure 6, the ASCA of the liquids remained above
150° and the SA below 10°. However, we note that for milk, SA showed a slight
increase, this may be due to the fact that the surface tension presented by this
liquid is very close to the value of the surface tension of the coating;
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Figure 6. a) Photo of the different kinds of liquids on the superhydrophobic quarry table tile
substrate, b) ASCA and SA of different kinds of liquids.

3.3. Self-cleaning performance

It is well known that the self-cleaning effect is a significant characteristic of
superhydrophobic surface in real application. In this study, natural graphite par-
ticles were used as a contaminant to investigate the self-cleaning performance
of coated surface. The photographs in Figure 7 illustrate the time sequence of
self-cleaning ability. The superhydrophobic substrate was set at a ~8° tilt.

Figure 7a shows the superhydrophobic substrate clean, i.e., without natural
graphite particles. While Figure 7b shows the natural graphite particles that were
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Figure 7. Time sequence of the self-cleaning test on the coated surface with ~8° tilt.
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deliberately spread on the superhydrophobic coating surface. We observed that,
as the water droplets were dropped to the coated surface, the droplets began to
roll off swiftly taking away the contaminant particles (Figure 7c, 7d). This beha-
vior is attributed to the joint action of the high capillary forces resulting from the
water droplet and the weak adhesion of the contaminant particles to the superhy-
drophobic coated [7]. Therefore, our superhydrophobic film exhibits an excellent
self-cleaning effect and expansive potential application prospects.

3.4. Adhesion performance

Testing the adhesion was the first measurement to be conducted in a test series
regarding mechanical durability evaluation of the superhydrophobic film. The re-
sults are plotted in Figure 8. As we can see, the superhydrophobic of the hybrid
coating can maintain until 8 peel cycles (ASCA ~150£0.30° and SA ~7.50, Figure
8a). Additionally, the inset photographs show remains of tape on the substrate and
that when it was removed it stuck to the film or in any case to the substrate cau-
sing loss of superhydrophobicity. On the contrary, we noticed 9 and 10 peel-off
cycles caused damage or detachment of the film. This negative trend is evidence
of the observation that the film was peeling-off the substrate during latest cycles
of testing (Figure 8b), indicating that a little hydrophobic SiO -nanoparticles were
transferred to the tape surface, leading to an antiwetting performance degradation.

This mechanical adhesion stability indicated that the manufactured superhy-
drophobic layer had a good adhesion property to the quarry table tile substrate
up to 8 peel cycles, proving that the coating could be considered as robust.
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Figure 8. a) ASCA and SA measured tape-peeling cycles on the superhydrophobic sample.
Insets: photographs of tape test and image of scotch tape surface. b) SEM image after pecling
off sticky tape. Inset: ASCA of the coating after 10 tape-peeling cycles.
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3.5. Wear abrasion performance

In this research work, the superhydrophobic layer was abraded by sandpaper
with 10 abrasion cycles. Figure 9a shows the ASCA and SA for different friction
cycles and the insets images of the static water droplets for the 1st and 10th
abrasion cycles. It can be seen that as the friction cycles increased from 1 to 8 ti-
mes under 320 g of weight, the ASCA of the material still maintained more than
150° and SA less than 10°. On the other hand, when the abrasion cycles reached
10 times, the surface lost its superhydrophobicity with a travel distance of 200
cm. Further abrasion of superhydrophobic sample makes it superhydrophobic
stick and even large water droplets do not roll off at 90° tilt angles. This is due
to physical abrasion and resultant polymer/nanoparticle wear and removal from
the surface layer. Inspection of SEM images after 10 ties of wear abrasion cycles
supports this statement (see Figure 9b).

After mechanical abrasion cycles, the tests results demonstrated a slight chan-
ge in superhydrophobic properties, yet the special hybrid coating could efficiently
withstand the abrasion cycles to some extent, maintaining its superhydrophobicity.
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Figure 9. a) ASCA and SA measured for the abrasion cycles. Inset: shape of the water droplets
on the surface. by SEM image after 10 cycles of abrasion test.

3.6. Sharp scratched performance

To further study the mechanical durability of superhydrophobic films, a
sharp scratch test was performed. As shown in Figure 10a, a series of sharp
scratches on the as-prepared hybrid material are noticed, indicating that the
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superhydrophobic material could not stand for sharp scratch test. However, the
water droplets on the scratched superhydrophobic surface can still move freely
as long as it does not hit a scratch. We also note that, after sharp scratched tests,
severe abrasion scratches are observed at macro-scale on the superhydrophobic
surface that even the hybrid material could be removed from the substrate. SEM
images of the coating after sharp scratched tests showed significant alteration of
superhydrophobic surface morphology (Figure 10b), so the superhydrophobic
coating cannot pass the sharp scratch test.

The results demonstrate that superhydrophobic films which have a micro-sca-
le topography is not tolerant to damage. In real application, the high sharp scratch
can extend the applied range of the superhydrophobic materials.

Figure 10. a) Image of the superhydrophobic coating after abrasion with sharp scratch. b) SEM
micrographs of coated substrate after scratching with a knife.

3.7. Water-droplet impact performance

The durability of the superhydrophobic coating was also assessed by a hi-
gh-speed droplet impact experiment. Figure 11a illustrates the effect of water on
the ASCA and SA of the superhydrophobic film immediately after each spray
droplet impact interval. It is evident that the average values of ASCA and SA
did not experience significant changes after being sprayed for 20 min. After that
exposure time, the sample lost its superhydrophobic performance (ASCA <150°
and SA >10°). This indicates that the intense water droplet impact test damages
the superhydrophobicity of the coating by either removing SiO -nanoparticles
from the surface of the composite material or by degrading hydroxyl oxide func-
tional groups or other low surface energy functional groups.
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Upon heating the samples after the spray droplet impact test, the ASCA of the
sample recovered to some degree but did not return to its initial value. This indica-
tes that the loss superhydrophobicity property during droplet spraying was not due
to mechanical erosion or change in surface morphology, but rather to saturation
of the microstructured surface due to water, as can be seen in the SEM image in
Figure 11b. This saturation might effectively change the coating surface from the
superhydrophobic Cassie-Baxter state to the wetted Wenzel state [19, 22].
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Figure 11. a) ASCA and SA details with respect to exposure time of water droplets impact. b)
SEM image of surface after exposure to simulated rain.

Studies reported by Zhang e al. [16] conclude that when an external force is
applied to the surface either by water jet impact, water drop impact, sand particle
impact abrasion or direct shear abrasion, water or sand could impregnate into the
grooves od the rough texture if the impact force is large enough and subsequent-
ly remove part or all of the coverage of the nanoparticle surface of the coating
that does not have chemical bond with the substrate.

3.8. Outdoor weather performance

In order to assess the practical long-term performance of the superhydro-
phobic substrate, it was exposed to outdoor weathering for a 2-months period.
For the outdoor weathering experiment, ASCA values are plotted in Figure 12a
as a function of time (days), and the inset images show the surface change and
degradation of the superhydrophobic film over the days. From Figure 12a, it is
observed that the apparent static contact angles decrease abruptly linearly from
161.58%0.78° to 86.46+0.61° over two months of outdoor weathering,
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We believe that the increase deterioration effect of the superhydrophobic film
is due to either the accumulation of dust particles on the samples or the sticking
of the dust particles after water droplets evaporate from the surface over time.
Moreover, it can be clearly observed from Figure 12b that the coating shows
some cracks which are the beginning of the deterioration phenomenon.

b)
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Figure 12. a) ASCA and SA with respect to exposure time in days. Inset: Photograph of the
sample on a certain day. b) SEM image of the coated sample after outdoor exposure. Inset:
Shape of the water droplet on the coated surface.

Studies conducted by Sakhuja ez a/. [23] report that the degradation effect caused
by outdoor weathering on their superhydrophobic films decreases as long as they
are mounted at an inclination of either 10° or 20°. They hypothesized that when
the dirt particles come into contact with nanostructured substrates, they cannot
penetrate the nanosized voids between two adjacent nanostructures, but instead
settle on the nanostructures surface of the substrate. Therefore, the contaminant
particles flow together with the water off the surface, allowing the coated substra-
tes to exhibit a self-cleaning effect compared to horizontally placed samples where
the contaminant particles mix with water and remain adhered to the surface of the
nanostructured substrate. Thus, the improvement in the self-cleaning effect may
be due to the inclination angle of the substrate. Inclination of the substrate has an
important effect on self-cleaning behavior, allowing the water flowing over sample
to provide a sheeting effect, removing dirt particles more easily during rains.

3.9. Thermal stability performance

The effect of thermal treatment on the wettability of the superhydrophobic
coating was systematically studied. The superhydrophobic substrate was heated
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at 100 °C for 20 days, the ASCA and SA values were measured at room tempera-
ture every 5 days, and the results are shown in Figure 13.

As can be clearly seen in Figure 13a, the composite coating remained super-
hydrophobic property till 15 days of exposure time into an oven and water drops
rolled on the surface of the coating. However, as the exposure time increases to 20
days, ASCA dramatically decrease to 141.7310.56° and SA increased to >10°, this
could be attributed to the decomposition of GPPS in the coating composite, and
some of the GPPS fragments volatilized leading to the water drops wetting the coa-
ting surface. Meanwhile, we believe that silica oxide hydroxyl groups could remain
on the surface of hydrophobic SiO,-nanopatticles reacting with each other, and
this reaction might also occur between the substrate and the SiO -nanoparticles.
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Figure 13. a) Effect of temperature on superhydrophobicity. by SEM image of superhydropho-
bic coating after 20 days of heating exposure. Inset: ASCA for the sample.

Nevertheless, with the continuous decomposition of the hybrid nanocom-
posite and the condensation between hydroxyls, the Si-CH, groups lead to
decomposition, and a mass of Si-OH generated, could result in the superhydro-
phobicity of the coating. In addition, we can note that the superhydrophobic
coating does not suffer physical damage (Figure 13b) but chemical decomposi-
tion as we have just described. These results indicate that the thermal stability of
our superhydrophobic film could be stable at least for 15 days.

3.10. Chemical corrosion performance
In our previous tests on mechanical stability, the apparent static contact angle

(ASCA) and sliding angle (SA) measurements were evaluated by using pure water.
However, in practical applications, the majority of liquids are not pure water only.
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Thus, it is recommended to study the wettability properties of different liquids
with different pH values on the superhydrophobic films. In this research, we
evaluated the acid-and alkali-resistant ability of superhydrophobic GPPS film of
different liquids with pH ranging from 1 to 14.

Figure 14a shows the relationship between pH values versus ASCA and SA,
and the photograph inset shows the shapes of acidic and basic aqueous droplets
on the superhydrophobic quarry table tile substrate. As can be seen, water dro-
plets with pH range from 1 to 12 have no significant effect on the ASCA and SA.
That is, the ASCASs are larger than 150° and SAs were still less than 10° for co-
rrosive liquids. In addition, when the aqueous liquid droplets contacted with the
porous superhydrophobic GPPS film after a short period of time, no decrease
in ASCA was observed, this could be due to the mico/nanostructure of the coa-
ting did not deteriorate after being in contact with the aqueous solution droplets.
Therefore, the water droplet can be moved easily when the surface is slightly
tilted. However, for the pH values of 13 and 14, the ASCAs were 132.34£0.38°
and 133.11£0.51°, respectively, and the SAs were not possible to measure it for
those pH values. In this case, the less ASCA and the high SA observed in alkaline
solution is attributed to the chemical wear degradation of the hybrid nanocom-
posites being faster than in acid solution. As can be seen in SEM image (Figure
14b), the superhydrophobic coating does not suffer physical damage, but the loss
of the superhydrophobic property can be due to the chemical wear of the film,
this statement must be corroborated by EDS or FTIR measurements, which are
not shown in this study. From an experimental point of view, with respect to
these results, our superhydrophobic GPPS is suitable for practical applications in

corrosive liquids between the 1-12 pH range.
a) b)
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Figure 14. a) ASCA and SA on the superhydrophobic substrate. Inset: Image of the different
pH value liquids on the superhydrophobic material. b) SEM image after chemical corrosion test.
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The corrosion of strong acidic or basic liquids on a solid surface is known to
be great. Therefore, the surface micro/nanostructure found on a solid substrate
can be destroyed due to the strong corrosive property when suffering strong aci-
dic or basic aqueous solutions, which may lead to the changes of ASCA and SA
because the geometric micro/nanostructure of the surface is an important factor
for the wettability of a solid [24, 25].

4. Conclusions

The superhydrophobic coating showed exceptional liquid-repellency to some
liquids including water, tea, orange juice, milk, coke, and urine. The substrate
shown to have almost no effect on the hydrophobic character of the applied coa-
tings, which were produced on quarry tablet tile, glass coverslip, tile, galvanized
steel and copper sheet.

The results demonstrated that the superhydrophobic films present a considera-
ble mechanical resistance toward multi-fold, adhesion, wear abrasion, sharp scratch,
water-droplet impact, thermal stability, outdoor weathering, and even chemical co-
rrosion. Our design strategy could also be applied to different kinds of heat-resistant
materials, brick, aluminum, or concrete, which are needed to retain effective self-clea-
ning, anti-fouling or anti-corrosion abilities in harsh operating environments.

A proper control of nanoparticles is one of the main challenges to produ-
ce a hierarchical rough surface and, moreover, the mechanisms that trigger the
Cassie-Baxter and Wenzel regime transitions still need to be further investigated.

The Sol-Gel method and the Spray-Coating technique are simple and cheap,
they demonstrate that the development of superhydrophobic surfaces can be
obtained in the laboratory for future research and other application areas.
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