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SyntheSiS of Superhydrophobic Metal coating baSed on nanoStructured Zno thin filMS  
in one Step: effect of SolventS

in this work, ZnO thin film is prepared by spraying a solution of zinc acetate precursor prepared with different solvents, namely, 
methanol, ethanol and distilled water at optimized conditions for aluminum substrate temperature and solution concentration. the 
impact of different solvents on the structural and hydrophobic properties of ZnO thin films was investigated by X-ray diffraction, 
Raman spectroscopy, Field Emission Scanning Electron Microscope and a Profilometer-Roughness Tester. The morphology of 
the elaborated ZnO thin films is spherical shaped nanostructured decorated by textures such as bumps (coexistence of ZnO micro-
nanostructures). the results confirm that the different solvents used to prepare the ZnO thin films have a significant impact on the 
characteristics of these layers and the wettability study reveals that the surface of ZnO thin film prepared with distilled water 
is superhydrophobic.
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1. introduction 

Wettability, which has to do with a surface’s affinity for 
water, is the most crucial property of the material surface. 
it is generally accepted that a surface’s wettability is primarily 
influenced by its surface energy, surface roughness, or surface 
micro-nanostructure. Hydrophobicity is a parameter that ex-
presses the wettability of a surface which is highly influenced 
by surface properties, like chemical composition, structure 
morphology, and the contact angle (Ca) of the liquid with these 
surfaces, each surface can be classified into different domains, 
such as superhydrophilic (Ca = 5° in 0.5 sec), hydrophilic 
(Ca = 90°), hydrophobic (Ca > 90°), and superhydrophobic 
(CA =  150°-180°) [1-11]. Superhydrophobicity is a property that 
describes the non-wetting characteristics of material surfaces. 
Several research works have been carried out for the prepara-
tion of such surfaces inspired by nature (ex. the inherent water 
repellent properties of lotus leaf surfaces). it can be carried out 
in two ways: the first is to create a rough hydrophobic surface 
and the second to modify this rough surface by compounds with 
low surface free energy, such as fluorinated or silicon compounds 
[12-17]. There are several applications of superhydrophobic 

coating on metallic materials; it can be used for satellite antenna, 
billboards and high-voltage line because it has good self-cleaning 
properties [18], anti-adherence of snow or ice, windows, etc. 
[19-21]. In this context, steel, copper, and aluminum are among 
the metals that are often used in daily life and in industrial ap-
plications due to their superior mechanical and physicochemical 
properties. the metal, however, is quickly corroded in the envi-
ronment as a result of chemical or electrochemical interactions 
that cause the metal to become oxidized or ionic on its surface. 
it is known that corrosion is the physicochemical interaction be-
tween a metal and its environment, which results in changes in its 
surface properties [22]. The formation of a coating of passivation 
is one of the best techniques to stop corrosion on metal surfaces. 
So, the concept of superhydrophobic surface preparation cre-
ates enormous opportunities in the field of corrosion inhibition 
for metals and alloys. Due to their self-cleaning property and 
water roll-off performance, superhydrophobic coatings offer 
an approach to slow the breakdown of the metals oxide layer 
and thus prevent the metal surfaces below from corrosion [23].

aluminum, especially, has been a crucial material for 
research in recent times due to its abundance in nature, ease 
of handling, and numerous industrial applications, particularly 
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in the aerospace and local industries [24,25]. The fact that 
aluminum corrodes readily, particularly in aqueous environ-
ments with Cl− ions, small quantities of Cl− is a significant 
disadvantage for these applications [26]. So, it is necessary to 
fabricate superhydrophobic coating on this material. the use 
of super-hydrophobic coating has been shown to be an effec-
tive corrosion prevention technique in earlier studies [27]. The 
creation of a stable superhydrophobic coating which maintains 
long-term stability and excellent corrosion resistance property 
can be widely applied in the corrosion protection of various 
engineering components [18]. Due to their water-shedding 
properties, zinc superhydrophobic surfaces are ideal for anti-
corrosion and anti-fog applications for metal structures and 
buildings [28].

By using zinc oxide (ZnO) nanoparticles suspended in 
alcohols at different bath temperatures and functionalized with 
stearic acid, superhydrophobic thin films have been created on 
aluminum alloy substrates using electrophoretic deposition [29]. 
the authors demonstrate how the deposited bath temperature 
increases with the thin-film roughness, water contact angle, 
and Zn:O atomic percentage. the same authors used electro-
deposition of copper on aluminum surfaces and electrochemical 
modification with organic molecules containing stearic acid to 
generate superhydrophobic aluminum surfaces in another study 
[30]. A superhydrophobic coating with a high contact angle 
(158°) and a low sliding angle (2°) was fabricated by spraying 
a mixture of poly (methyl methacrylate) (Pmma) and hydro-
phobic silica nanoparticles (SNs) onto the steel surface by Pan 
et al. [31]. Measurements by Tafel extrapolation give a lower 
Icorr, a higher Ecorr, and a higher Rp, which leads to better corro-
sion resistance. these characteristics correspond to coated steel 
much better than bare steel.

A recent study carried out by Hassan et al. [32] focus on 
the development of superhydrophobic surfaces using magnesium 
nanoparticles for catalytic applications. through the use of etch-
ing, immersion, and annealing techniques, an excellent surface 
superhydrophobic was achieved on the aluminum substrate 
along with a high water contact angle of 160° and a low sliding 
angle of 2°. Rafael et al. [33] use a variety of techniques to create 
a low-cost superhydrophobic coating on 5052 aluminum alloy. 
They are able to produce superhydrophobic coatings with 164° 
contact and 1° slide angles. Surface modification and the addition 
of corrosion inhibitors are costly and, in some cases, take a long 
time, and they may cause toxicity and environmental problems. 
Therefore, it’s critical to create easy, inexpensive, non-toxic, and 
ecologically friendly surface treatment techniques to stop metal 
corrosion. in our recent work, the fabrication of hydrophobic 
ZnO coatings on aluminum substrates was easily realized by 
the thermal oxidation of electroplating Zn thin layers. We have 
shown the effect of the oxidation time or temperature on the 
morphological and structural characteristics of the obtained 
ZnO thin films, which in turn affects the hydrophobicity of the 
ZnO coating [34,35].

in the present study, the fabrication of a superhydrophobic 
ZnO thin film with nanometric structure on the aluminum sub-

strate is achieved using an easy process with a simple precursor 
and non-toxic chemicals in one step, compared to the others 
complex steps mentioned above, where we followed the solvent 
effect on this property. ZnO was chosen in the present work due 
to its unique properties, such as its abundance, non-toxicity of 
its elements, and high stability at room temperature.

2. experiment 

the spray pyrolysis technique was used to deposit ZnO 
nanoparticles as a thin film on the aluminum substrate. Before 
the deposition, the substrate undergoes mechanical polishing 
until a flat shape and a thickness of 2 mm are obtained. after 
that, it is ultrasonically cleaned for 15 minutes in two baths, one 
with distilled water and the other with ethanol. 

To make a solution, 1,755 g of dehydrated zinc acetate 
(Zn (Ch3COO)2-2H2O) precursors were dissolved in three sol-
vents: distilled water, ethanol and methanol (0,2 m). acetic acid 
(Ch3COOh) was used as the complexing agent. the substrate 
temperature was fixed at 350°C. 

the current phases and their orientations were inves-
tigated using a PaNalytiCal empyrean diffractometer 
(XRD, λCu = 1,540 Å). the raman spectra were measured 
on a hOriBa labram hr evolution spectrometer at room 
temperature with a monochromatic light source of 473 nm. The 
morphological and elemental analyses were performed using a 
Field Emission Gun Scanning Electron Microscope (FEG-SEM, 
Jeol FEG JSM-7100 F) equipped with an Energy Dispersive X-
ray spectrometer (EDX). The thickness and roughness of studied 
ZnO films were performed by a Profilometer-Roughness Tester 
PCE-RT 1200. The surface wettability of ZnO thin films has 
been identified through the measurement of the water contact 
angle (WCA (Θ)) using an optical system composed of a lamp 
delivering white light for lighting and projecting the image of 
the drop deposited on the sample (leyBOld type light source 
(6 v, 30 W)) and a projection lens allowing the enlargement of 
the image of the drop projected on a translucent screen of di-
mension (30×30 cm2).

3. results and discussions

3.1. Structural studies

Fig. 1 shows the X-ray diffraction spectra of the elaborated 
ZnO thin films using the different solvents, which exhibits dif-
ferent peaks that correspond to the ZnO hexagonal Wurtzite 
structure (JCPDS file number: 01-070-2551). In addition, the 
obtained diffractograms have revealed a sharp and intense 
dominant peak indexed (002), which reveals that the preferential 
orientation of the studied sample is along the [002] direction. 
the peak intensities are more pronounced for ZnO thin film 
prepared with distilled water (ZnO-water), which means their 
best crystallinity. 
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Fig. 1. X-ray spectra of prepared ZnO thin films using different solvent 
synthesized by spray pyrolysis (*: al)

Crystalline size can be estimated by using the full width 
at half maximum of the (002) peak using the Scherrer method 
[36-39]:

 

0.9
cos

D 
 

   (1)

Where: λ, θ and β are the X-ray wavelength (0.1540 nm), bragg 
diffraction angle, and fWhm, respectively. taBle 1 summa-
rizes position (002) peak and estimated grain sizes.

the obtained results reveal that the average crystallite size 
is on the nanometric scale for all prepared samples (taBle 1). 
the ZnO – water sample has larger crystallite sizes than the 
others, followed by the nanostructure obtained with the ethanol 
and methanol solvents (ZnO-etnol and ZnO-methanol). This 
difference can be linked to the difference of boiling points 
 (Tb

water = 100°C, Tb
eth. = 78. 24°C, and Tb

meth. = 64.70°C) [40], 
and the viscosity of the used solvents; when larger crystallites 
are produced by solvent with higher viscosity and boiling tem-
perature [41-43]. The highest viscosity can reduce the diffusion 
of ions in the solution leading to the formation of grouped crys-
tallites with larger size [44]. 

the lattice parameters (a and c) can be calculated using the 
following relations valid for the hexagonal structure [45,46]:
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 2dhkl sin(θhkl) = nλ (5)

Where: λ: wavelength of the X-ray used (0,1540 nm), θ: diffrac-
tion angle of the peak (100) for the parameter a and of the peak 
(002) for c, dhkl: interreticular distance

the lattice parameters calculated for the elaborated ZnO thin 
films in this present work are different from those of the normal-
ized ZnO (a = 0, 3490 nm and c = 0, 5207 nm). This indicates 
that the layer is stretched parallel to the growth direction; this 
may be due to the difference in the thermal expansion coefficients 
between the ZnO and the substrate [45]. It is known that the expan-
sion coefficient α of aluminum substrate is 23×10–6°C–1. While 
ZnO has a hexagonal structure, its expansion coefficients α11 and 
α33 at room temperature are 6.05×10–6°C–1 and 3,53×10–6°C–1 
respectively [45]. Consequently, this thermal maladjustment gen-
erates stresses in the deposited layer. When the crystal lattices of 
the substrate and the layer perfectly accommodate each other, 
a crystallographic relationship can appear at the interface. a de-
formation due to a disagreement between the lattice parameters 
of both materials can also be caused by this accommodation. 
as a result of this type of deformation, coherence stresses are 
generated in the two contacting materials. the state of stress in a 
ZnO thin film can be determined using an X-ray diffractogram. 
the biaxial stress ezz along the c-axis direction perpendicular to 
the substrate is calculated from the following relationship [47,48]: 
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Where cfilm and c0 are the deposited layer and unconstrained 
layer lattice parameters, respectively (c0 = 0, 5207 nm). The 
sign of the ezz parameter confirms the type of stress that the layer 
experiences. in this present work, the value of ezz represented 
in taBle 1 is a positive sign, which confirms that this layer 
undergoes a tensile stress parallel to the layer growth direction. 
the residual stress σ parallel to the surface of the layer is ex-
pressed as follows [47,48]:
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With cij is the elastic constant for a monocrystalline structure of 
ZnO (c13 = 104,2 gPa, c33 = 213,8 GPa, c11 = 208,8 GPa and 
c12 = 119,7 GPa [47]).

 σ (GPa) = –233× ezz (8)

taBle 1
values of D, a, c, ezz and σ as a function of solvent type for elaborated ZnO thin films

type of solvent 2θ (°) fWhM (°) average crystallites sizes D (nm) a (nm) c (nm) ezz (%) σ (gpa)
distilled water 34.1483 0.1279 65 0.3294 0.5247 0.7704 –1.7949

ethanol 34.1774 0.2047 41 0.3027 0.5243 0.6871 –1.3635
Methanol 34.2131 0.2558 32 0.3024 0.5237 0.5852 0.0358
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according to the previous relations, it’s found that there 
is a relation between the biaxial stress ezz and the residual 
stress σ: they have the opposite direction in the plane of the in-
terface between the layer and the substrate [45]. The calculated 
σ values of studied samples are presented in taBle 1. they 
have a negative sign, indicating that the ZnO layers are under 
compressive force perpendicular to the c axis. 

for a better evaluation of the ZnO film quality state, the 
calculation of other structural parameters is also necessary, in 
particular the dislocation density (δ) and the lattice strain (ε) us-
ing the following relations, Eq. 9 and Eq. 10 respectively [49]. 
taBle 2 displays the calculated results obtained for these two 
parameters δ and ε. 

 2
1  

D
    (9)
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D is the average crystallite size.

taBle 2

Structural parameters of ZnO thin film as function of solvent type

type of 
solvent 2θ (°)

average 
crystallites size 

D (nm)

dislocation 
density (δ×1014 

ligne/m2)

lattice 
deformation 

(ε×10–3)
distilled 

water 34.1483 65 2.37 0.53

ethanol 34.1774 41 6.07 0.85
Methanol 34.2131 32 9.47 1.07

the found results show that a low value of (δ) is obtained 
for ZnO thin films prepared with distilled water, which indicates 
the presence of fewer defects in the deposited ZnO thin film, 
which leads to the best crystallization of the ZnO hexagonal 
phase. the increase in the crystallite size of this film is the origin 
of the decrease in stress. 

the lattice strain (ε) is mainly due to the lattice shift be-
tween the film and the aluminum substrate. the minimum value 
of (ε) obtained for ZnO thin films prepared with distilled water 
indicates very little lattice mismatch between the substrate and 
the deposited film, with fewer defects in the elaborated ZnO thin 
film. it’s known that water is less volatile compared to alcoholic 
solvents, so there is less possibility of complete evaporation of 
these solvents before reaching the substrate during the spraying 
process. This can decrease the lattice strain for the ZnO-water 
thin film. more explanations are exposed in the present work 
concerning this point in the morphological study section.

fig. 2 shows the raman spectra of the ZnO thin films syn-
thesized by the spray pyrolysis technique. the prominent peak 
around 445 cm–1 observed for ZnO-water and ZnO-methanol 
samples is the characteristic peak of the raman active principal 
mode E2 (high) of Wurtzite ZnO [50-53]. This proves that ZnO 
thin films obtained with these two solvents have the Wurtzite 
hexagonal structure and that they crystallized greatly. Other 
peaks were observed on the raman scattering spectra of these 

thin films (fig. 2): the E2 (low) peak appears at 101 cm–1, as-
sociated with the lattice vibration of the zinc atoms. the peak 
appears around 335 cm–1 with low intensity attributed to the 
(E2 high-E2 low) mode which is the 2nd order characteristic 
caused by the multiphonon process [50]. The peak appears 
around 584 cm–1, corresponding to the E1 (lO) modes, which 
is a Raman-active vibrational mode of hexagonal Wurtzite 
ZnO, caused by impurities and defects such as oxygen vacan-
cies [50,54]. For ZnO thin film prepared with ethanol, only two 
peaks corresponding to E2 (high) and E1 (lO) mode with low 
intensity are observed. 

fig. 2. raman spectra of ZnO thin films using different solvent syn-
thesized by spray pyrolysis

3.2. Morphological characteristics

the surface morphology of thin film has a significant im-
pact on their superhydrophobic properties. field emission gun 
Scanning Electron Microscope (FEG-SEM) observation (Fig. 3) 
shows the coexistence of ZnO micro-nanostructures, where 
a repeated distribution of the spherical nanostructures with grain 
sizes around 100 nm (inset image in Fig. 3 (a)) is decorated by 
textures such as bumps on the surfaces of the ZnO-water and 
ZnO-ethanol. The ZnO-water sample presents the largest bumps, 
approximately 10 μm (Fig. 3 (a)), compared to the ZnO-ethanol 
sample, which exhibits a greater density of small bumps of 3 μm 
(Fig. 3 (c)). However, the ZnO-methanol sample exposes an ir-
regular shapes structure cover the film surface. the largest grain 
size revealed by the film prepared using water solvent can be 
linked to the higher viscosity of water compared with ethanol 
and methanol. by means of FEG-SEM observation, the distance 
between bumps (nearest neighboring particles) is different from 
solvent to another (Fig. 3(a), and (c)). The presence of zinc (Zn) 
and oxygen (O) in these thin films is confirmed by EDX analysis 
(Figs. 3(b), (d), (f)).

in light of previous studies, the explanation of the observed 
microstructure of the studied samples is expected from nature. 
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many plants and animals also have microtextures on their sur-
faces. It is frequent to notice the micro-sized bumps on plant 
leaves. these papillae are covered in fine nanostructures in 
several of these hydrophobic plants, including the lotus, which 
is the most well-known. The presence of two roughness scales 
significantly enhances the superhydrophobicity’s quality  [55-58]. 
this hierarchical structure, which is not required to obtain ex-
tremely high degrees of hydrophobicity, is nevertheless, poorly 
understood despite a plethora of intriguing theories [59]. A rice 
leaf is one example of a material where wetting and adhesion 
can be anisotropic due to the anisotropic arrangement of papillae 
at the surface [60]. Water will flow preferentially along specific 
paths on such materials.

from the obtained results, it is found that the three solvents 
used to prepare the ZnO thin films have a significant effect on the 
thickness of the studied samples. The cross-section  FEG-SEM 
images of ZnO thin films (ZnO-water, ZnO-ethanol, and ZnO-
methanol) are given in fig. 4 and show the difference in layer 
thickness. TAblE 3 shows the thickness values obtained from 
Profilometer measurements, which range between 5 and 13 μm. 
this variation can be linked to the solvent volatility; methanol 
and ethanol have weak bonds, which increase their volatility 
compared to water. The low value of the thickness in ZnO-ethanol 
or ZnO-methanol films could be attributed to the evaporation 
of the solvent before reaching the substrate surface. the results 
are in agreement with the DRX analysis; the ZnO-water sample 

Fig. 3. FESEM images for ZnO thin films synthesized by spray pyrolysis (inset image shows the ZnO nanostructure distribution between ZnO 
bumps): (a) ZnO-Water; (c) ZnO-Ethanol; (e) ZnO-Methanol; (b) (d), (f) corresponding EDX spectra
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shows the largest crystallite size with the largest thickness, which 
can be related to the increase of the (002) peak intensity in the 
X-ray diffraction spectrum. The films with lower thickness tend 
to grow with less favored orientation. Such observations are 
consistent with the decreasing fWhm of this peak. We can say 
that the crystallization degree is improved with thickness because 
increasing thickness has improved the mobility of the deposited 
atoms [61]. As more solute reaches the substrate’s surface to 
create a film, there is a greater chance that more solutes will 
be attracted to one another to form a crystallite because of the 
increased electrostatic interaction between solute atoms [62]. 
larger crystallites are created when the film thickens because 
more solute is gathered [63]. On another hand, from TAblE 2, 
the lattice strain and the dislocation density of studied ZnO thin 
films decrease with increasing thickness. It is possible to explain 
the decrease in lattice defects as crystallite increases in the pres-
ence of sufficiently thicker films in a less strained or more relaxed 
condition. as the size of the crystallites increases, the lattice strain 
and dislocation density decrease, indicating an improvement in 
crystallinity and a decrease in defects in the films [64].

TAblE 3

values of crystallites size, roughness, thickness, and contact angle as 
a function of solvent type

type of 
solvent 

average crystallites 
size D (nm)

roughness 
(μm)

thickness 
(μm)

contact 
angle (°)

distilled 
water 65 0.172 13 156.00

ethanol 41 0.132 6 143.50
Methanol 32 0.098 5 104.85

3.3. Wettability studies

Wettability involves the interaction between a liquid and 
a solid in contact. it is known that the wettability of an ideal 
surface, expressed by the contact angle (Ca) of water droplets, 
is given by young’s equation [1]:

 

 
  cos SV SL

LV

 





   (11)

Where θ = young’s contact angle on an ideal surface, and γLV, 
γSV and γSL refer to the liquid/vapour, solid/vapour and solid/
liquid interfacial tensions, respectively. Fig. 6 shows a water drop 
with an almost specific shape on the surface of ZnO thin films 
synthesized in this work with different solvents. the value of 
the contact angle increases with increasing solvent viscosity, and 
the highest value (156°) is obtained in a ZnO thin film prepared 
with distilled water. 

It is well-known that the surface energy, surface roughness, 
topography, surface micronanostructure, and chemical com-
position all play major roles in a surface’s wettability [65-67]. 
as previously indicated, the state of the surface of the sprayed 
sample ZnO-water (Fig. 5 (b)) shows the coexistence of micro-
nanostructure (ZnO bumps). the surface roughness of studied 

samples increases from 0.098 μm to 0.172 μm when the films 
thickness increased from 5 μm to 13 μm, accompanied by an 
increase in contact angle (TEblE 3). This may be due to the in-
creased size and density of the ZnO bumps. as discussed above, 
solvents with a faster rate of evaporation leads to surface with 
a lower surface roughness due to the appearance of separated 
clusters. ethanol and methanol have a high evaporation rate, 
which lead to the few of these clusters since the rapidly evaporat-
ing solvent leaves little time for surface mobility or diffusion of 
the molecules on the substrate. this traduce by results in lower 
aggregation and films with a non-coalesced morphology [68]. 

increased surface roughness within a specific size range has 
been shown to improve wettability [69] because the air trapped 

Fig. 4. FEG-SEM cross-section image for ZnO-water (a); ZnO-ethanol 
(b); ZnO-methanol (c)
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between solid surfaces and water droplets might reduce the 
contact area. hence, the most promising structures for reaching 
the superhydrophobic surfaces are those that exhibit roughness 
on both the micro- and nanoscales a term known as “microna-
nobinary structures” [69]. The coexistence of surface roughness 
(micro-nanostructure) and low surface energy coating is crucial 
for surfaces that exhibit superhydrophobicity, as highlighted by 
a number of previously published works on superhydrophobic 
surfaces made using water [70,71]. The idea of the roughness 
effect on the contact angle has been studied where liquid does 
not penetrate the trough on a rough surface and leaves air gaps 
[72], as presented on Fig. 5(c), the formation of the bumps on the 

surface traps air on this surface and prevents water from adhering 
to the ZnO film, which leads to the superhydrophobicity of the 
material. additionally, the presence of nanostructures can trap 
air between them, resulting in air pockets on the surface that 
inhibit the diffusion of water.

the superhydrophobic surface structure can be visual-
ized as the hills and valleys (Fig. 5(c)) exhibiting micro-nano 
topography [73]. The air trapped in the “valleys” can prevent 
corrosive fluids, from effectively reaching the stripped surface, 
thus providing good protection against corrosion. according 
to laplace’s physical principle and pressure, when a vertical 
cylindrical tube is placed in a liquid, the liquid rises and forms 

Fig. 5. (a) FEG-SEM cross-section image for ZnO-Water thin film; 
(b) FEG-SEM image shows ZnO bumps in ZnO-Water sample; (c) Sche-
matic representation of the interface between a superhydrophobic 
surface and a water drop

Fig. 6. Form of water drop on surface of ZnO thin films elaborated from 
different solvent: (a) ZnO-Water; (b) ZnO-Ethanol; (c) ZnO-Methanol 
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a concave surface called a meniscus if the tube is hydrophilic; 
otherwise, the liquid is lowered if the tube is hydrophobic [73]. 
Corrosive media tend to be expelled from the pores of supe-
rhydrophobic films. therefore, this quality contributes to its 
anti-corrosion properties. 

4. conclusion

finally, the superhydrophobic ZnO thin film was success-
fully deposited on the aluminum substrate at 350°C using a 
low-cost spray pyrolysis technique that requires no high tem-
perature annealing. the obtained results show that the different 
solvents used to prepare the ZnO thin films have a significant 
impact on the characteristics of these layers. Structural analysis 
confirms that ZnO thin film has a hexagonal Wurtzite crystal 
structure, is polycrystalline, and has (002) preferential orienta-
tion. FEG-SEM observation confirms the coexistence of ZnO 
micro-nanostructure. The increase of roughness and thickness 
of the coating caused an increase in the contact angle. the 
reason for this was that more ZnO particles were deposited 
with thicker coatings. ZnO’s function was to confine liquid to 
the surface, resulting in less material-liquid interaction. Conse-
quently, the quantity of ZnO depositions affected the material’s 
superhydrophobic properties. the studied thin films can be used 
to limit the presence of water and frost in the automotive and 
aeronautical fields.
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