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In the present work, the fabrication of a hydrophobic surface was carried out by thermal oxidation of
thin layers of Zn deposited by electrodeposition on an aluminum substrate under air atmosphere at differ-
ent temperatures between 400 °C and 500 °C. Structural analysis by XRD and Raman spectroscopy shows
that increasing the annealing temperature leads to the formation of a considerable amount of ZnO on the
aluminum substrate. ZnO-bound XRD peaks appear and Zn- and Al-bound peaks decrease. For T's = 400 °C
and 500 °C, the films treated at are polycrystalline with a hexagonal structure of the Wurtzite type due to
the existence of the more intense peak relating to the orientation (100) located around the angle 31.75 °.
EDX analysis gives the chemical composition of these films and confirms the presence of zinc and oxygen
in an almost stoichiometric composition. The morphological study of thin layers treated at 500 °C shows
the coexistence of nanostructures in the form of deformed flowers, which leads to their hydrophobicity. The
contact angle values measured are > 90° for the films treated at 400 °C and 500 °C, which confirms the hy-
drophobic nature with a high value obtained equal to 135°.
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1. INTRODUCTION

Semiconductor materials based on metal oxides
have been of great interest for several decades and in
particular in their nanostructured forms, for applica-
tions in nanosciences and nanotechnologies [1, 2].
Among all types of metal oxides, zinc oxide (ZnO) has
attracted increasing interest in the fabrication of many
devices, including gas sensors [3], solar cells and pho-
tovoltaic [1, 2]. Its morphology is easily modified by the
addition of dopants, the nature of the substrate, the
elaboration technique and the annealing temperature.
The appearance of the films can vary from a smooth
and compact surface to a very rough surface which ex-
hibits a hydrophobic character. The concept of prepar-
ing these surfaces presents enormous opportunities in
the field of corrosion inhibition of metals and alloys.
Superhydrophobic surfaces are an important parame-
ter to characterize surface wettability, characterized by
high hydrophobicity, where water drops flow down the
surface with a contact angle greater than 150° and can
easily slide over the surface, that is i.e. a small contact
angle hysteresis [4]. The superhydrophobic ZnO films
were obtained by combining the roughness of the sur-
face with the low value of the surface energy. This su-
perhydrophobicity stabilizes ZnO against harsh corro-
sive environments such as acidic or basic solutions and
even high temperatures [5]. These superhydrophobic
surfaces have a wide field of applications. They can be
used, for example, to protect the antennas of snow
houses that stick to them and can interfere with signal
reception [6]. St Gobain markets self-cleaning windows
which reduce the time and cost of cleaning. These sur-
faces are also used to make anti-plow textiles such as
umbrellas. The rough micro/manostructured surface
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state and a non-polar surface chemistry are the two
main properties to trap air and reduce attractive inter-
actions between the solid surface and the liquid [7].
Structural defects and growth changes of nanostruc-
tured ZnO are sensitive to Raman spectroscopy [8].
Several physical and chemical deposition methods are
used to prepare thin layers of ZnO. Among the process-
es for producing thin layers of zinc oxide, our choice fell
on the electrodeposition process. The many advantages
offered by this process (does not require an ultra-high
vacuum medium, is inexpensive and makes it possible
to prepare materials at temperatures close to ambient)
justify the choice of this method.

The objective of this present work is to study the ef-
fect of the annealing temperature on the structural,
morphological and wettability properties of zinc oxide
(ZnO) for fabricate hydrophobic thin films on an alumi-
num metal substrate.

2. EXPERIMENTAL DETAILS

The aluminum substrate undergoes mechanical pol-
ishing until a flat shape and a thickness of 2 mm are ob-
tained before deposition of the Zn layer. For cleaning this
substrate, it undergoes ultrasonic cleaning for 15 minutes
in successive baths, one containing distilled water and the
other ethanol. To prepare the starting solution for the
deposition of Zn thin films, initially, zinc acetate
(Zn(CH3COz2)2) powder was dissolved in distilled water.
The concentrations of the precursor solution are 0.2 M.
Aluminum substrate as cathode and platinum as anode
were vertically immersed in the prepared solution and
kept at a distance of 1.5 cm. —10 V DC was applied for
15 minutes at room temperature. After deposition, the Zn
films are thermally oxidized at 500 °C for 2 h.
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To characterize the present phases and their orienta-
tions, a PANALYTICAL Empyrean diffractometer (XRD,
Cu Ka radiation, 1=1540A) was used. HORIBA
LabRAM HR Evolution type spectrometer was used to
register the Raman spectra at room temperature with a
monochromatic radiation source of 473 nm. The morpho-
logical and elemental analyses were performed using a
Field Emission Gun Scanning Electron Microscope (SEM,
Jeol FEG JSM-7100 F) equipped with an energy disper-
sive X-ray spectrometer (EDX). Contact angle measure-
ments were carried out at room temperature using an
optical system composed of a lamp delivering white light
and projecting the image of the drop deposited on the
sample (LEYBOLD type light source (6 V, 30 W)).

3. RESULTS AND DISCUSSION
3.1 X-Ray diffraction study
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Fig. 1 - X-ray diffraction spectra of layers treated at different
annealing temperatures (time = 2 h)

Fig. 1 shows the typical X-ray diffraction spectra of a
sample of ZnO deposited at room temperature and an-
nealed for two temperatures equal to 400 °C and 500 °C
with a fixed time=2h. On the same Fig. it is not clear
that the diffraction peaks relating to Zn, before treatment,
the orientations (002) and (101) are dominant, no peak
relating to ZnO, was observed. Similar results were ob-
tained by Bouhssira et al. [9]. This absence of the Zn-O
bond is due to the presence of oxygen at interstitial sites
in the film [9]. With the increase in the annealing temper-
ature (T's), we clearly see the emergence of peaks relating
to zinc oxide which appear to the detriment of that of zinc.
At 500 °C there is a decrease in the zinc peaks and the
appearance of the aluminum peak corresponds to the
aluminum substrate with the presence of six (6) ZnO dif-
fraction peaks located at 31.75°, 34.41°, 47.56°, 56.62° and
69.98° are assigned to either the (100), (002), (102), (112),
(103) and (200) planes, respectively. This indicates that
500 °C 1is the critical temperature for the transformation
of Zn into ZnO, which allows better crystallization and
organization of the crystal lattice. In addition, the elabo-
rate layers are polycrystalline with a hexagonal structure
of the Wurtzite type due to the existence of the more in-
tense peak relating to the orientation (100) located around
the 31.75° angle. Moreover, the ZnO films thus produced
have a preferential orientation (100) as in the case for the
spray pyrolysis method [10, 11].
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Fig. 2 shows the variation of the (100) peak of a ZnO
thin film as a function of the annealing temperature.
There is an increase in the intensity and sharpening of
the peak when the annealing temperature increases
from 400 °C to 500 °C, which is reflected by an increase
in the crystallite size (Table 1).
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Fig. 2 — Peak position (100) of X-ray diffraction and their in-
tensities films treated at different annealing temperatures
400 °C and 500 °C

The crystallite size (D) of the peak (100) were calcu-
lated from the Debye-Scherrer formula [12]:

D~ 0.94 , (1)
pcosé

where, 1 is the wavelength of X-rays radiation, 3 repre-
sents the full width at half maximum (FWHM) and 6@ 1is
the angle of diffraction.

Table 1 summarizes the values of the full width at
half maximum, the crystallites size and the intensity of
layers treated at different annealing temperatures
400 °C and 500 °C.

Table 1 - Variation of the full width at half maximum, the
crystallite size and the intensity of our films.

Sample | Crystallite size, (nm) FWHM | Intensity
400 °C 19.529 0.42317 | 51.01
500 °C 21.324 0.3875 154.49

The values of the full width at half maximum
(FWHM) change inversely with the crystallite size (Ta-
ble 1). As can be seen, the variations of FWHM and the
crystallite size are very well correlated. We have an in-
crease in the crystallite size of our films from 19.529 nm
to 21.324 nm as a function of 7Ts between 400 °C and
500 °C, respectively. This increase is probably explained
by the improvement in the crystal quality of the layer, as
shown by the XRD spectrum (Fig. 1). Similar observa-
tion was reported by Quifiones-Galvan et al. [13]. In ad-
dition, higher temperature improved the adhesion of
thin films on the Aluminum substrate.

3.2 Raman Spectroscopy Study

Raman spectroscopy was used in this present work to
complete the structural properties study of the elaborat-
ed ZnO thin films. The identification of the different vi-
bration modes of the crystal lattice leads to the determi-
nation of the different phases of the studied material.
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Raman spectroscopy was also used to determine the
stress state present in the studied material by observing
the peak position displacement in comparison with the
values of the material in its bulk state. In this present
work, commercial ZnO powder is used as a reference.
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Fig. 3 - Raman spectra of ZnO thin films deposited on Alumi-
num substrates at various annealing temperatures

The obtained spectrum of the studied sample treated
for 2 h at 500 °C is similar to that of massive ZnO and
consists of five peaks corresponding to the Eglow, Eghigh.
Eolow, A1(TO), Egbigh, and A1(LO)YE1(LO) modes of the
ZnO phonons of hexagonal structure (Fig. 3). All of these
peaks can exist with varying intensities depending on
the treatment temperature; peak intensities are more
noticeable in the spectrum of the sample treated at
500 °C. the two spectra present two intense peaks; the
first around 100 cm—!, which corresponds to the Ealow
mode associated with the vibration of the zinc atom lat-
tice [14, 15], and the second around 443 cm-!, which
corresponds to the Eshish mode, which is attached to the
vibration of the sub-lattice of oxygen atoms in the ZnO
crystal [16, 17]. These are two representative modes of
wurtzite ZnO structure with good crystalline quality,
especially for the treated sample at 500 °C.

3.3 Morphology and Wettability Study

Fig. 4 (a) shows the Field Emission Scanning Elec-
tron Microscopy (FESEM) images of ZnO thin films ob-
tained with a thermal oxidation of 2 h at 500 °C. The
morphology shows that this layer has a repeated distri-
bution of the deformed flower-shaped structures (conical
shape), which are covered with a large number of the
spherical ZnO nanostructures. The EDS results
revealed that the films were made up of Zinc, oxygen
and carbon (Fig. 4 (b)). The presence of carbon (C) may
come from the aluminum substrate.

The measures of the static contact angles (CA) were
made on all ZnO films deposited in aluminum substrate
treated at 400 °C and 500 °C for an ambient tempera-
ture (27 °C) and a constant humidity rate. In order to
reduce the evaporation of the distilled water drop as
much as possible, all CA measurements are made after 5
seconds with a fixed volume =5 ul deposited using a mi-
cropipette. The gout images are captured by a video
camera (Fig. 5). We check the measurements of each film
treated (400 °C or 500 °C) by depositing at least four
drops of liquid in different places of the surface.
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Fig. 4 - (a) FESEM image of ZnO thin film and the inset show
spherical ZnO nanostructures covering deformed flower-shaped
structures (b) corresponding EDS with suitable indexing

Fig. 5 — Measurement of hydrophobicity in terms of water contact
angle (CA): (a) ZnO 2 h at 400 °C and (b) ZnO 2 h at 500 °C

An increase in the contact angle (Fig. 5) from 128° to
134° is observed when the ZnO films deposited on an
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aluminum substrate undergo heat treatment at 400 °C
and 500 °C, respectively. The contact angle (6) values
found for the two treated films are > 90°, which shows
the hydrophobic nature of the films studied. This behav-
ior could be attributed to the effect of layer density and
surface roughness [18]. The same result was observed by
Sanjeev et al. [19], who confirms the hydrophobic char-
acter of ZnO films deposited on glass substrate as a
function of the annealing temperature between 200 °C
and 400 °C. Therefore, the annealing temperature in-
creases the roughness of the ZnO films, which is con-
firmed by the work of Husna et al. [20].

4. CONCLUSION

In the current study, thin layers of electrodeposited Zn
were thermally oxidized on an aluminum substrate to
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