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Abstract

Superhydrophobic ZnO surfaces with reversibly tunable wettability were fabricated on
stainless steel meshes via a facile chemical bath deposition method just by regulating the
micro/nano structured ZnO needles without using chemical post modifications. The obtained
surfaces can be easily and reversibly switched between superhydrophobic and
superhydrophilic/underwater superoleophobic characteristics by altering the annealing
temperatures. As-prepared sample exhibited long-term superhydrophobic properties with a
water contact angle (WCA) of 163.8" + 1.8° and contact angle hysteresis (CAH) of 1.1°+
0.8°. The SEM, XRD, XPS and Raman analyses were employed to characterize the
morphological features and surface chemistry of the prepared samples. SEM images showed
the formation of ZnO micro/nanoneedles with a diameter of ~90 nm on the substrate.
The superhydrophobic ZnO surface was switched to highly hydrophilic and underwater
superoleophobic properties with an oil contact angle (OCA) of about 172.5° after being
annealed at 400°C in air for 30 minutes and restored to superhydrophobic state again by
altering the annealing temperature to 150°C. Mechanical durability of the 2ZnO
superhydrophobic surface was tested by an abrasion test. Results confirmed that the prepared
surface exhibited an excellent robustness after 20 abrasion cycles under the pressure of 4.7

KPa.
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1.

2. Introduction

Surface wetting behavior is a determining property for application of solid materials in the
smart microfluidic systems [1, 2], self-cleaning [3, 4], biomaterials [5-7], oil/water separation
[8-10] and lab-on-cheap systems [11, 12] which are controlled by chemical composition and
topographical structure [13-16]. Up to now various external stimuli such as UV irradiation [6,
17, 18], electric field [19, 20], thermal treatment [21, 22] and pH value alteration [23, 24]
have been widely reported to change the wettability of surfaces. Among the reported
stimulus-response pairs, the UV irradiation has been extensively investigated to convert the
wetting properties of the photocatalyst metal oxides such as ZnO [25, 26], TiO, [27, 28], and
Sn0O; [29] on different substrates: ZnO is one of the most important semiconductor metal
oxides having some applications including self-cleaning [30, 31], anti-icing coatings [32] and
optoelectronic devices like gas sensors [33, 34], light-emitting diodes [35, 36] and solar cells
which exhibits photo-induced superhydrophilicity after at least 30 minutes UV irradiation and
return to the hydrophobicity after long-term storage in a dark place (about several weeks or
months) [37]. Li et al, fabricated hybrid ZnO/bamboo surfaces with reversible transition
wettability characteristics [38]. They deposited well-aligned ZnO nano-sheet arrays on the
bamboo surfaces via hydrothermal process following chemical treatment using
octadecyltrichlorosilane. The surface wettability was switched between superhydrophilic and
superhydrophobic situations via UV illumination for 12 h and dark storage for 10 days. Su
and coworkers constructed superhydrophobic hierarchical bismuth nanostructures on zinc
plates (WCA=164.8°) by the electroless deposition method and subsequent surface

modification by stearic acid [39]. They also used the similar method to change the



wettability. Lian et al fabricated TiO, rough thin films on a titanium substrate [40]. The
underwater oil wettability characteristics of rough surfaces were reversibly switched between
superoleophobicity and oleophobicity by means of ethanol immersion and darkness storage.
In the most of previous studies, the organic modifiers with poor thermal and chemical
stabilities have been widely employed to fabricate superhydrophobic surfaces [3,41-43]. On
the other hand, the UV irradiation and long-term dark storage were widely applied to
investigate the reversible wettability switching of inorganic semiconductor surfaces such as
ZnO and TiO, because of their photo-induced superhydrophilicity properties [38, 44-46].
This technique is a time-consuming and expensive process. Therefore, it is necessary to
consider the fabrication of inorganic superhydrophobic surfaces without post chemical
treatment and enhancement of superwetting switching process speed.

In the recent years with increasing of industrial oily wastewater and accidental oil spills, the
design and fabrication of _surfaces with controllable  wettability between
superhydrophobicity/superoleophilicity (water contact angles larger than 150°) and
superhydrophilicity/underwater superoleophobicity (oil contact angles larger than 150°) have
attracted great interests in the field of oil/water separation [8-10, 17, 47].

In this study superhydrophobic ZnO nanostructured surfaces were developed on the stainless
steel meshes by the facile and low-cost chemical bath deposition technique without post
chemical modification. The reversibly switchable wettability of the prepared surfaces from
superhydrophobicity/superoleophilicity to superhydrophilicity/underwater superoleophobicity
was investigated by alteration of annealing temperature between 150° and 400° within a short
time. The resulted surface can be used as a filter for on-demand oil/water separation which its
wetting behavior can be reversibly switched between the superhydrophobic and
superoleophobic characteristics based on the oil-water mixture, composition and density of

the oil.



Materials and methods

2.1 Materials

Zinc (I1) nitrate hexahydrate (Zn (NOs3),.6H,0), hexamethylenetetramine (C¢H12N4), ethanol
(C2H60O), hexane (CgHi4) and acetone (CsHgO) were purchased from Merck company. All

reagents were used without further purification.

2.2 Sample preparation

Stainless steel meshes (type: 304) were cut into 2.5 cm x 2.5 cm, ultrasonically cleaned in
distilled water, ethanol and acetone for 10 minutes, respectively. The cleaned substrates
were etched with HNO3; (4 M) for 20 min to remove oxide layers and then washed with
distilled water again. The hierarchical zinc oxide films were fabricated on the substrate by a
two-step synthesis process. First, the pretreated substrates were dipped in an ethanol solution
containing zinc acetate dehydrate (20 mM) for 1 h. Afterward they were rinsed with ethanol
and dried at 90°C for 1-h. Finally, the coated meshes were annealed in air at 400 °C for 2 h
led to nano ZnO seed layer formation on the substrates. In the next step, the as-prepared
substrates were suspended vertically into the glass bottle involving an aqueous solution of
zinc nitrate_hexahydrate (0.025 M) and hexamethylenetetramine (0.0375 M). The glass
bottle was heated in an oil bath at 90-100° for 2 h. Samples were taken out of the solution

and rinsed 2 times with ethanol and water, followed by drying in an oven at 150° for 6 h.

2.3 Reversible Switching wetting of ZnO micro/nano structured surface

The wettability transition of as-prepared samples from superhydrophobicty to
superhydrophilicity state (underwater superoleophobicity) was performed by post-annealing

treatment at 400 °C for 30 min. The reverse wettability transition was obtained just by



decreasing the annealing temperature to 150°C during 6h. The proposed annealing process

was conducted under ambient atmosphere (air) conditions.

2.4 Surface characterization

The crystallographic and chemical composition characteristics of the prepared surfaces were
evaluated by X-ray diffractometer (X' Pert pro, model Panalytical, Netherlands) using
nickel-filtered Cu K, radiation (A= 1.5418A) and X-ray photoelectron spectrometer (XPS,
SPECS XP Flex mode, Germany, equipped with a hemispherical PHOBIOS energy
analyzer). Surface morphology of the samples was evaluated by scanning electron
microscopy (SEM, Tescan, model VEGAZ2) operating at 30.0 kV. Raman spectra of samples
were analyzed using a micro-Raman microscopy system (Lab Ram Horiba, High Spectra
equipped with a HeNe laser (A= 532 nm) at room temperature. Water contact angle
(WCA), oil contact angle (OCA) and contact angle hysteresis (CAH) measurements
in air and water mediums were performed using the sessile drop method [48],
recorded with a digital optical microscope (DINOLITE, model AM-4113ZT,
Taiwan). CAH values were evaluated via the oscillation method which is the
difference between the advancing and receding static contact angles [48, 49]. For
each surface, water and oil droplets were deposited with a volume of around 5 pl on
the surface using a syringe pump (Zistrad, Iran) operated at 0.3 ml/min. This flow rate
was also used for water injection and suction through a needle to measure the
advancing and receding angles. The drop shape analysis plugin for the Imagel
software was applied to determine the contact angles. The WCA, CAH and OCA
were measured at five different points of the samples and the average values are

reported.
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2.5 Mechanical durability test

The mechanical durability of the superhydrophobic ZnO sample was examined by
measuring WCA after different abrasion cycles. In this test, the surface was moved
back in two orthogonal directions (10 cm in each direction) on #400 sandpaper under
the pressure of 4.7 KPa (300 g force).

3. Results and discussions

3.1 Switchable wettability and morphology of the superhydrophobic ZnO surfaces

Wetting behavior of solid surface plays an important role in many industrial processes. The
common physical parameters for characterization of surface wettability behavior are static
contact angle and contact angle hysteresis [48-50]. The water contact angle (WCA) and
contact angle hysteresis (CAH) of as-prepared ZnO surface in the air were obtained 163.7°+
1.8° and 1.1°+ 0.8°, respectively. The heat treatment induced reversible wettability switches
of ZnO surface between superhydrophobicity/superoleophilicity and
superhydrophilicity/underwater superoleophobicity were evaluated by measuring water
contact angle (WCA)) and hexane contact angle (OCA) in air and water mediums,
respectively. ‘Results showed that the WCA and OCA of ZnO surface were changed
respectively to ~ 0° and 172.5°+ 3 after being treated at 400°C for 30 min in air atmosphere.
The optical images of the water and hexane droplets on the as-prepared and annealed
(400°C) samples are shown in Fig. 1. The WCA value of the obtained ZnO surface increased
dramatically according to the annealing temperature reduction to 150° C and
superhydrophobic properties were recovered during 6 h which is at least 10 times lower than
those which have been reported by the other researchers [38, 51, 52]. For example, Li and

coworkers used under ambient conditions dark place storage technique during a 10 day



period of time to reconvert the superhydrophobic state of a UV irradiated hybrid
ZnO/bamboo surface [38]. The obtained results confirmed that the surface wetting behavior
can be rapidly altered from superhydrophobicity to underwater superoleophobicity state by
changing the annealing temperature from 150°C to 400° C and vice versa. To further
investigate the wettability switching of the surfaces, annealing temperature alteration was
repeated in four cycles as shown in Fig .2. It can be seen that more than 95% of the
superhydrophobic and underwater superoleophobic properties were recovered successfully
after the first annealing cycle (WCA= 161.7°, OCA= 160.5°). However, the fabricated ZnO
surface wettability transition from superhydrophobicity to underwater superoleophobicity
shows a completely reversible characteristic during the next cycles. Fig. 3 displays the
changes of water droplet and under-water oil droplet contact angle hysteresis values vs. the
annealing cycles. It can be seen that the water CAH values are in the range of 1-3° for the
coated surfaces annealed at 150° C for 6 h. Upon further annealing treatment at 400° C for 30
min, the superhydrophobic ZnO surface exhibited under-water superoleophobic property with
oil CAH results are lower than 3°. Additionally, the water CAH and oil CAH values
maintained as low as ~3° after five repeated annealing cycles. It indicates excellent

switchable wettability characteristics of the prepared ZnO surfaces.

Fig.1 Optical image of water and hexane droplets: (a) on the as-prepared ZnO surface, (b)
after annealing at 400 °C.

Fig.2 Changes of WCA and underwater OCA values vs. annealing cycles.

Fig.3 Water droplet and underwater oil droplet CAH values vs. annealing cycles.

Theoretically, wetting behavior of a solid surface can be determined by its morphology and
chemical composition [49, 53-56]. To acquire the information about the effect of annealing
process on the ZnO-coated mesh microstructure, the scanning electron microscopy (SEM)

analysis was applied. Fig.4 (a) indicates the bare stainless steel mesh with an average
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wire diameter of 165 um and pore size of 365um used as a substrate. The magnified
SEM image of ZnO seed layer in Fig. 4(b) confirms a uniform distribution of ZnO
nano seeds with particle sizes of 85 nm to 95 nm on the substrate. These nanoparticles
can be served as nucleation sites for subsequent growth of nanostructured ZnO.films
[57, 58]. Figs. 4 (c) and (d) show the SEM images of superhydrophobic ZnO coating
on the substrate. It can be seen that the hierarchical ZnO micro/nano structured films
composed of ZnO nano needles with a diameter of ~90 nm and the length of
approximately several micrometers are formed on the stainless steel mesh. In the most
of studies low surface free energy materials such as fluoropolymers, fatty acids and silane
coupling agents are used to modify the roughened ZnO surfaces for obtaining the
superhydrophobicity state [59-63]. Evaluation of the obtained WCA values reveals that
the superhydrophobicity can be obtained just by regulating the micro/nano structured needles
of ZnO without using any further chemical modifier [55, 64]. The WCA values of the surface
didn’t change after six months exposure to the ambient air proving an excellent stability and

time-independent wetting property.

The Wenzel and Cassie-Baxter theories are two main models that describe the wettability of
micro/nano roughened surfaces with high static water contact angles [14, 48, 50]. However,
in the case of water adhesion, these two theories present and assume different behaviors [49,
65]. Inthe Cassie-Baxter state, air entrapment between the liquid and solid surface leads to a
significant reduction of water adhesion. Thus the CAH values decrease dramatically and the
droplets can easily roll over the surface. In the Wenzel state, the water droplets can fill the
rough surface which results in high water adhesion to the surface and consequently CAH
values increase. In the present case regarding the low CAH value (< 10°) and high WCA
(>150°), the Cassie-Baxter state can exhibit the wetting properties of hierarchical micro/nano

structured ZnO surfaces, as shown in Eq.1.



Cosd™ = 10080 — T, (fy +Fy =1) 1)

Where the terms of 1, o, © and ©” represent the fraction of the solid-liquid interface,
the fraction of the solid-air interface, the smooth surface apparent contact angle and

the rough surface contact angle, respectively.

SEM images of the superhydrophilic/superoleophobic ZnO surface are displayed in Figs. 4
(e) and (f). It can be clearly observed that there is no obvious change in the morphology and
microstructure of the surface after annealing process at 400 °C. So, the alteration of annealing

temperature doesn’t affect the morphology of ZnO coating.

Fig. 4 SEM images of the 304-stainless-steel mesh surface :( a) bare substrate, (b) with a seed
layer of ZnO, (c) and (d) as- prepared ZnO surface, (e) and (f) after annealing at 400° C.

3.2 XRD analysis

The XRD analysis was conducted to examine the crystal structure of ZnO surfaces
with switchable wettability. Figs. 5a and 5b show the XRD patterns of ZnO surfaces (the
as-prepared sample and sample annealed at 400 °C). It was found that both XRD patterns
present similar characteristic peaks at 31.8°, 34.3°, 36.2°, 47.5°, 56.7°, 62.7° and 66.2°,
67.82,68.9° which are related to (1 00), (002), (101),(102),(110),(103), (20
0), (112),and (20 1) planes of ZnO, respectively. These diffraction peaks agree with
hexagonal wurtzite structure according to JCPDS card no. 00-047-0956 [66]. Three
characteristic peaks observed at 43.5°, 50.7° and 74.6° can be attributed to the cubic
structure of 304-stainless steel mesh (JCPDS card no.00-033-0397) [67]. As it is
evident from this figure, both samples exhibited preferential orientation along (101)
crystal plane. In addition, the sharp peaks appeared in the XRD pattern related to the

sample annealed at 400 °C indicate a good crystallinity compared to as-prepared



sample.

Fig. 5 XRD pattern of samples: (a) as-prepared, (b) annealed sample at 400° C.

3.3 Chemical composition analysis

XPS and Raman analyses were applied to investigate the influence of the annealing process
on the chemical composition of micro/nano ZnO surface. As no obvious morphological
changes were observed, the wettability variation may be related to the surface chemistry
changes of the ZnO coatings. ZnO is a well-known semiconductor which shows photo-
induced hydrophilicity under UV illumination [68-70]. It leads to the surface wettability
change from the originally hydrophilic state to the superhydrophilicity (WCA ~ 0°).
Therefore, the intrinsic hydrophilic characteristic of the ZnO surfaces may be assigned to the
presence of hydroxyl groups and the oxygen defects [46, 51, 71]. Hu et al. reported that the
interaction energy per area between water molecules and a hydrated ZnO surface with
oxygen vacancies is much higher oxygen vacancies presence. The highly hydrophilic ZnO
coatings were obtained in the presence of oxygen vacancies with water contact angle of ~
21°[72]. In general, the oxygen vacancies on the ZnO surface change the homogeneity of the
electron density of the surface and make it easier to become wet by the polar molecules such
as water [52, 69, 73]. Fig. 6 shows the X-ray photoelectron spectra of the as-prepared and
annealed samples. Strong peaks of zinc, oxygen and a weak signal of carbon were detected as
shown in three survey spectra. The detected weak carbon peak is assigned to carbon
contamination in the ambient air which was adsorbed on the samples [18, 74]. Figs. 7 (a) and
(b) display the O1s spectra for ZnO samples with switchable wettability. The O1s spectra of
as-prepared and annealed samples were deconvoluted into three peaks positioned at 530.5+

0.5eV, 531.2+0.2 eV and 532.4+0.1 eV using Gaussian fitting analysis. The first peak can be
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ascribed to O% ions in the Zn-O bond [75-79]. The second one is related to surface hydroxyl
groups and oxygen vacancies. The appeared peak at 532 eV is attributed to the oxygen bonds
with carbon (C-O, C=0) and H,0. As it is evident from the fig. 7, amounts of oxygen in
hydroxyl groups increased by the annealing process at 400 °C. This process increased
hydroxyl group content of ZnO surface from 33.8% to 45.1%. High-temperature annealing
process creates oxygen defects on ZnO surface which possess a further high capability to
bind the hydroxyl groups[69]. Qui et al. confirmed that the increasing of post-annealing
temperatures up to 300°C leads to desorption of oxygen in the zinc oxide lattice and
formation of new surface defects on the sample surface [80]. Generally, high-temperature
annealing of ZnO surfaces generates electron-hole pairs [38, 81, 82]. The electron-hole pairs
move to the surface and react with the lattice metal ions (Zn?*) and the lattice oxygen to form
the defective sites (Zn") and oxygen vacancies, respectively. In this condition, -OH groups
and oxygen molecules compete to be adsorbed on these sites while hydroxyl group
adsorption is more favorable Kinetically than those oxygen molecules [69, 70, 83, 84]. In
recent years, several studies have been conducted to identify the effect of oxygen vacancies
on the wettability of ZnO surface. In this way, Mrabet et al. explained the wetting properties
of ZnO surface based on the Fowkes’s approach (considering Lewis acid-base interactions)
[85, 86]. The presence of oxygen vacancies improves the acid characteristic of the surface
and promotes interactions with H,O which is considered as a Lewis base in this case.
Kinetically, rate of the present adsorbing electrophilic sites occupation by water molecules
and accordingly formation of the hydroxyl groups is high. The high surface energy of the
hydroxyl groups results in hydrophilic surface properties. Underwater, the water molecules
are effectively trapped in the hierarchical micro/nano dual scale structure of these surfaces
[87]. These phenomena lead to water cohesion between oil and the solid surface which

enables the oil droplets to roll off. Therefore, the presence of oxygen-deficient sites is another
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influential factor which changes the wettability characteristic to hydrophilic property [72,
86]. The hydroxyl groups adsorbed on the defect sites are thermodynamically unstable. In
fact, geometric and electrical structures of the ZnO surfaces are distorted by adsorption
of the hydroxyl groups [51, 69]. Considering the high free energy level, this situation
is considered as a very unstable state compared to the native (grounded) hydrophobic
ZnO surface [38, 81]. Reasonably, zinc oxide surface exposure to the ambient
atmosphere leads to break of the adsorption equilibrium and according to the
thermodynamic point of view; it promotes the preferred adsorption of the oxygen
molecules on the surface to suppress the instability [88, 89]. In this way, active sites of
the ZnO structures return to their original stable state. Heat treatment of the hydrophilic
surface at 150 'C can accelerate the reduction of the oxygen vacancy of the sample surface
and eliminate the hydroxyl groups [69]. Reasonably, the surface returned to the
superhydropbobicity. Thus the variation of annealing temperature from 150°C to 400°C
resulted in reversible alteration of wettability between superhydrophobicity and

superhydrophilicity situations.

Fig. 6 XPS wide survey spectra of samples: (a) as-prepared, (b) annealed at 400° C.

Fig.7 XPS O 1s spectra of samples: (a) as-prepared, (b) annealed at 400° C.

Raman spectroscopy analysis was used to evaluate the effect of ZnO surface composition.
Figs. 8 (a), (b) and (c) present the Raman spectra of as-prepared and annealed samples at
different temperatures, 400°C and 150°C, respectively. The peaks marked at 95, 323, 376,
434, 580 and 1140 cm™ are obviously assigned to ZnO [91, 92]. Comparison between the
results confirms that a wide peak centered at 580 cm™ is observed with the increase of
annealing temperature up to 400° C. This peak becomes weaker and it disappears completely

upon the next heat treatment step at 150°C (Fig 7 (c)). According to the literature data,
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Raman shift positioned in the region of 560-580 cm™ is related to the oxygen vacancy
defect[93]. These results confirm that the oxygen vacancy of the sample (b) is more than that
of the sample (a) and the sample (c). In other words, the absence of oxygen vacancy defects
causes the obtained superhydrophobic properties of micro/nano structured ZnO surfaces

which are in agreement with XPS results.

Fig. 8 Raman spectra of samples: (a) as-prepared, (b) after annealing at 400° C, (c) after
annealing at 150°C.

3.4 Mechanical durability of superhydrophobic as-prepared sample

The mechanical durability of superhydrophobic surfaces is one of the most important
factors to study the applicability of surfaces in the industry. The simple and common
method to test the mechanical durability of superhydrophobic surfaces is the abrasion
test. In this method the WCA and CAH are usually measured after each abrasion cycle
to evaluate the mechanical resistance of the superhydrophobic surfaces [94-97]. The
measured WCA and CAH values resulted from different abrasion cycles are shown in
Fig.9. It can be seen that the variation of WCA values is in the range of 163.8" and
141" which shows no significant changes after 20 abrasion cycles. In addition, the
CAH alteration is almost low in the range of 1.17° to 3.95° which confirms that the
surface maintained its superhydrophobic wetting characteristics. The SEM images of
the sample after mechanical abrasion tests are illustrated in Fig.10. Although some
parts of the superhydrophobic coating were destroyed, the hierarchical micro/nano
structures were preserved. This dual structure is very critical for retaining the surface
superhydrophobic properties according to the Cassie-Baxter state. The obtained results
reveal a better mechanical durability comparison with some previous literature reports

[98-101]. The mechanical robustness of hierarchically structured superhydrophobic
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silicon surface has been evaluated using a similar abrasion test[101]. Results showed
that the CAH increased largely from ~2° to 13° and the superhydrophobicity character
disappeared for abrasion length of 25cm (in one direction) under pressure of 3.45 KPa.
Liu et al. constructed a superhydrophobic Cu surface with dual-scale roughness[100].
The abrasion resistance of the surface was examined by applying a normal pressure
(~5 KPa) using cotton fabric. The WCA values decreased noticeably from 170° to
153° under a similar length of abrasion. The stability of a superhydrophobic steel
surface has been studied by Latthe et al. using SiC sandpapers (600 grit) as abrasion
surface[98]. Related report confirmed that the CAH values were significantly
increased and the non-sticky superhydrophobic behavior of the prepared surface was
irreversibly changed to sticky state under. loading of a 500 g weight and abrasion

length of ~100 cm.

Fig. 9 Variations in WCA values related to the as-prepared superhydrophobic
sample after abrasion cycles.

Fig.10 SEM images of superhydrophobic surface after 20 cycles of abrasion test. (a)
Low magnification (100x) and (b) high magnification (30000x).

4. Conclusion

In summary, a smart superhydrophobic ZnO surface with switchable wettability has
been developed on the basis of controlling surface chemical composition. The as-
prepared ZnO coated stainless steel mesh exhibits the excellent superhydrophobic
properties with the WCA of about 163.8°+ 1.8° and CAH of 1.1°+0.8°. Resulted
surface became underwater oleophobic after annealing process at 400°C for 30
minutes. The surface wettability recovered to the initial superhydrophobic state via the
annealing condition shift t to 150°C for 6 h. XPS and Raman analyses confirmed that

the amounts of the hydroxyl group and oxygen-deficient sites are responsible for the
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switchable wettability. Moreover, the obtained ZnO surface showed an excellent

abrasion resistance after 20 cycles upon the pressure of 4.7 KPa.
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Fig.1 Optical image of water and-hexane droplets: (a) on the as-prepared ZnO surface, (b)
after annealing at 400 °C.
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Fig.4 SEM images of the 304-stainless-steel mesh surface :( a) bare substrate, (b) with seed
layer of ZnO, (c) and (d) as- prepared ZnO surface, (e) and (f) after annealing at 400° C.
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Fig. 6 XPS wide survey spectra of samples: (a) as-prepared, (b) annealed at 400° C
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Fig. 7 XPS O 1s spectra of samples: (a) as-prepared, (b) annealed at 400° C.
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Fig. 8 Raman spectra of samples: (a) as-prepared, (b) After annealing at 400°C, (C) After
annealing at 150° C.
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Fig.10 SEM images of superhydrophobic surface after abrasion of 20 cycles. (a) low
magnification and (b) high magnification.
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Research highlights

e Micro/nano structured superhydrophobic ZnO surface was prepared via a facile chemical
bath deposition method.

e The prepared film exhibits superhydrophobic characteristics in air with a WCA of 163.8 +
1.8° and CAH of 1.1°+ 0.8° applying no chemical post modification step.

e ZnO surface was switched to highly hydrophilic and underwater superoleophobic properties
with an oil contact angle (OCA) of about 172.5° after being annealed at 400°C in air for 30
min

e ZnO surface can reversibly switch its wettability between superhydropbicity and underwater
oleophobicity just by varying the annealing temperature during a short time.

e The superhydropbic surface possesses an excellent robustness after 20 abrasion cycles under

the pressure of 4.7 KPa.
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