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Abstract: The necessity for self-cleaning materials has increased with the demand for hygiene, self-
disinfecting, and contamination-free surfaces. In this work, self-cleaning films based on zinc oxide
(ZnO) nanorods were prepared by the successive ionic layer adsorption reaction (SILAR) and chemical
bath deposition (CBD) techniques with growth times of 0, 3, 6, and 9 hours. UV-Vis Spectroscopy,
FESEM, and XRD were used to characterize the optical, morphology, and structural properties. The
ZnO peak absorption exists at 245 — 285 nm with the highest transmittance up to 91%. The thickness
of the film increases with the duration of the growing process. FESEM images show a nanorod with a
hexagonal cross-section and, at the growth time of 6 hours, has the most regular and homogeneous
structure with a size of 169.57 + 25.78 nm. The wurtzite hexagonal structure confirms the ZnO nanorod
with a crystallite size of 39.98 nm. ZnO nanorod was applied as self-cleaning material by the sessile
drop technique. The hydrophobic surface was obtained at the growth time of 6 hours with a water
contact angle of 95.7°, which acts as a self-cleaning material. Therefore, this material has significant
industrial application potential as a self-cleaning material.
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1. Introduction

A self-cleaning technology is one of the innovations currently being developed. Self-
cleaning is inspired by biological phenomena such as lotus leaves, taro leaves, gecko feet, and
cricket wings with natural self-cleaning mechanisms [1]. It can serve the surface of an object
free from dirt or dust contamination [2]. Hydrophobic surfaces' self-cleaning properties are
important in medical, textile, engineering, rubber, plastics, and glass [3-5]. Many companies
have commercialized several multi-purpose self-cleaning products, one of them is window
glass [6]. Construction materials such as tiles, concrete, glass, and paint have used self-cleaning
technology [7, 8].

Self-cleaning technology has been developed using several materials, including TiOg,
SiO, CuO, and ZnO. Some of these materials have weaknesses, such as TiO> being easy to
remove from the substrate surface [9], SiO2 having a low thermal conductivity [10], and CuO
being only used on inorganic substrates [11]. Therefore, ZnO was chosen for self-cleaning
applications because it has stable hydrophobicity, high chemical stabilization, and can control
the particle size in the nanometer range [12-14]. ZnO thin film can decompose bacteria and
hazardous organic compounds that commonly pollute the environment [15].
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Zinc oxide (ZnO) is an inorganic compound from group IIB-VIA metal oxide
semiconductor materials [16]. ZnO is in great demand because it has unique properties such as
wide bandgap energy (3.37 eV), high melting point (2.248 K) [17], strong ultraviolet emission
at room temperature [18], high electron binding energy (60 meV), high thermal conductivity,
stable and non-toxic [19]. It can be produced at low or high temperatures at inexpensive [20].
Therefore, ZnO has many applications in catalysts, optoelectronics, and solar cells [21-23].
ZnO nanostructure has various forms, such as nanotubes, nanosheets, and nanowires [24, 25].

The physical properties and surface modification of a material in the form of a thin film
can be controlled by the synthesis process and conditions [26]. Several methods are used for
the preparation of thin films, including magnetron sputtering [27], atomic layer deposition [28],
and chemical vapor deposition [29]. These methods require very high vacuum, expensive
equipment, and costs, are carried out at high temperatures, and use toxic gas compounds [30,
31]. The chemical bath deposition (CBD) method, which is conducted by immersing the
substrate in the precursor, is often found in the preparation of thin films [32]. Some of its
advantages are being able to control the growth factor of nanomaterials (such as pH,
temperature, immersion time, and concentration), does not require high-voltage equipment, and
can be carried out at low temperatures (< 100°C) [33].

However, the growth of nanomaterials by this method can be disturbed by the
homogeneous reaction in the solution during the surface deposition of thin films. This problem
can be overcome through pre-treatment by forming a seed layer using the successive ionic layer
adsorption reaction (SILAR) method [34]. The SILAR method is based on the adsorption and
reaction of ions from the solution and rinsing between each immersion with water to avoid
homogeneous settling in the solution. It has the advantages of being cost-effective, can be used
on various types of substrates, does not require a vacuum chamber, and can control the
thickness of the film [35].

In this work, ZnO was synthesized using two combined methods, SILAR and CBD, on
a glass substrate. ZnO samples are prepared with different growth times to control the film's
morphology and thickness, which can affect the physical properties. The effect of sample
growth time was analyzed on the physical properties of ZnO, namely light absorption,
morphology, crystal structure, and hydrophobic properties. Furthermore, it was applied as a
self-cleaning material to know the hydrophobic properties of ZnO by measuring the water
contact angle using the sessile drop method. The sessile drop was chosen because it is easy to
do by utilizing digital image technology on smartphone cameras.

2. Materials and Methods

2.1. Materials.

The materials used in this research were zinc sulfate heptahydrate (Zn(SO4)-7H20) as
a seed solution purchased from Supelco, Ammonia hydroxide (NH4OH,25%) purchased from
Emsure as a cationic precursor, zinc nitrate hexahydrate (Zn(NO3)2.6H.0) as growth solution
purchased from Smart Lab, hexamethylenetetramine ((CH2)sNa4) as surfactant purchased from
Sigma-Aldrich, aquades, acetone (C3HsO), and ethanol (C2HsOH) as chemical solvents.
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2.2. Synthesis of ZnO nanorods.

First, the glass substrate was cleaned in aquades, acetone, and ethanol immersed for 15
minutes using an ultrasonic cleaner. Then, it was immersed in 50 ml Zn(S04).7H20 (10 mM)
and NH4OH for 40 s and in water for 20 s. Furthermore, it was sonicated for 60 s, immersed in
water at 80°C for 20 s, and heated at 100°C for 3 minutes. To obtain a homogeneous ZnO seed,
this process was repeated in 20 cycles. The seeding mechanism was carried out as in previous
research [36]. ZnO seed was annealed using a furnace at a temperature of 250°C for 1 h and
grown in 50 mM of Zn(NOs)2-6H20 and (CH2)sN4 (equimolar) using a water bath at 80°C. The
growth time was varied for 0, 3, 6, and 9 hours.

2.3. Characterization.

Specord 200 Plus UV-Vis spectrophotometer was used to characterize the absorbance
spectrum of ZnO. The structural properties were analyzed using an Xpert Pro PANalytical type
diffractometer. Surface morphology is known from FESEM, type FEI Quanta FEG 650.

2.4. Self-cleaning examination.

About 5 ul of water was dripped onto the ZnO surface. Then, the contact angle of the
water is measured by taking pictures using the Angulus application on a smartphone. The
sample that has the ability to self-clean is hydrophobic with a water contact angle exceeding
90°.

3. Results and Discussion

3.1. Optical properties.

The UV-Vis absorption curve of the ZnO sample is shown in Figure 1 (a). The
maximum absorption intensity is found at 200 — 300 nm in the UV spectrum. Meanwhile, the
minimum absorption intensity is at 300 — 600 nm in the visible light spectrum. The length of
time for growth causes a shift in the ZnO absorption peak towards a longer wavelength
(redshift), namely 245 nm, 250 nm, 285 nm, and 300 nm for each sample Z-0, Z-3, Z-6, and Z-
9. It is due to an increase in the size of the thin film as the growth time increases [19].
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Figure 1. (a) Absorbance; (b) Transmittance spectra of ZnO with different growth times.
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The transmittance spectrum of the ZnO sample is shown in Figure 1 (b). The highest
transmittance of Z-0, Z-3, Z-6, and Z-9 samples were 90.61%, 52.83%, 36.99%, and 34.94%,
respectively. The low transmittance at 200 — 300 nm is due to the denser constituent atoms
resulting in the more frequent collisions of light particles with the atoms making up the layer
so that light is difficult to pass through the layer [37]. Transmittance at a wavelength of 300 —
600 nm is constant because electrons cannot absorb the energy of the photons emitted at that
wavelength, so the energy given is only transmitted [38].

Besides that, the bandgap energy of the ZnO samples was also studied. The value of
band gap energy is known from the extrapolation of the (ahv)? vs. hv curve using the Tauc Plot
method in Figure 2.
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Figure 2. Curve (athv)? vs hv of ZnO for (a) Z-0, (b) Z-3, (c) Z-6, and (d) Z-9.

The band gap energy of the ZnO samples obtained ranges from 4.02 — 4.07 eV. These
results show that variations in growth time do not significantly affect photon absorption,
especially in the UV spectrum. Sample Z-6 has the highest bandgap energy of 4.07 eV. The
band gap energy is relatively large because the sample size is on the nanometer scale [16].

3.2. Surface morphology.

The surface morphology of the ZnO sample with a magnification of 10,000 times is
presented in Figure 3. The geometry of the samples Z-3, Z-6, and Z-9 grown on a glass substrate
is nanorod hexagonal. Overall, the shape of the nanorod is not uniform, which is thought to be
due to distortion of the shift in the diffraction peaks [39].
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+425.352 nm

(d)
Figure 3. FESEM images of ZnO nanorods for (a) Z-3, (b) Z-6, (c) Z-9, and (d) Cross-section of ZnO.

The morphology of the Z-0 sample was not analyzed because it was only a ZnO seed.
The distribution of the nanorods of the Z-3 sample (Figure 3, a) is quite uniform and shows the
most homogeneous structure compared to other samples. Moreover, the nanorod is oriented in
the vertical direction. Sample Z-6 (Figure 3, b) has a less homogeneous nanorod structure and
a less uniform vertical orientation on the substrate. Sample Z-9 (Figure 3, c) reveals an
inhomogeneous structure and diameter distribution of the ZnO nanorod, even though the
orientation of the particles was found to be close to horizontal. The duration of ZnO growth
demonstrates a decrease in the orientation of the nanorod in the vertical direction.

The histogram bar of ZnO nanorod size can be seen in Figure 4. The size distribution
of nanorods is known from each sample's average diameter and standard deviation, which can
be seen in Table 1. The longer the growth time, the larger the size of the ZnO nanorod. These
results are in line with research reported by Mufti et al. (2022), who found that growth time
increases particle size [40].
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Figure 4. Histogram of ZnO nanorods sizes at different growth times.
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Table 1. The size of ZnO nanorods.

Sample Diameter (nm)
Z-3 142.68 £45.4
Z-6 169.57 £25.8
Z-9 20392 +834

The cross-section side view (Figure 3, d) exhibits the dominantly oriented nanorod in
the horizontal direction. The FESEM image shows a ZnO nanorod dominated by a hexagonal
structure with a layer thickness of + 184 nm and a substrate thickness of £ 425 nm. The decrease
in the arrangement of ZnO nanorods in the vertical to horizontal direction was due to the
increasing amount of reacting agents produced during the growth process, which resulted in
the nanorod growing in the vertical and horizontal directions [41].

3.3. Crystal structure.

The X-ray diffraction pattern of the ZnO sample can be seen in Figure 5. The ZnO
sample consists of diffraction peaks 26 at 32.06°, 34.76°, 36.54°, 47.84°, 56.90°, 63.14°, 66.56°,
and 68.16° correspond to the crystal planes (100), (002), (101), (102), (110), (103), and (210)
respectively. Based on comparison with JCPDS data no. 36-1451, this pattern indicates the
crystal structure of ZnO is hexagonal wurtzite [42].
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Figure 5. XRD pattern of sample ZnO.

Overall, the diffraction characteristics of the resulting ZnO phase have a relatively high
peak intensity, and no other elemental phases were found in the XRD spectrum. The obtained
ZnO crystal phase has lattice parameters a = b = 3.228 A and ¢ = 5.158 A. It is consistent with
the bulk ZnO lattice parameters, indicating that the growth orientation of the ZnO nanorods is
in the direction of the c-axis on the (002) plane perpendicular to the surface of the glass
substrate [43]. ZnO crystal size with the Scheerer formula was obtained at 39.98 nm with an
FWHM of 0.217°. This value is in accordance with the previously reported by Abdulrahman et
al. (2021) using the CBD method [33].

3.4. Self-cleaning test.

The self-cleaning ability of the ZnO sample can be seen from the contact angle of the
water attached to the sample surface with wetting times of 0, 10, 20, and 30 minutes (Figure
6). The value of the water contact angle on the sample surface is shown in Table 2. Samples Z-
0 and Z-3 have less hydrophobic properties because the contact angle is less than 90°. After
wetting for up to 30 minutes, the water contact angle decreased from 63° to 43.3° and from
65.5° to 46.8° for each sample. So, the water spreads more over the surface and has hydrophilic
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properties. Sample Z-6 exhibits hydrophobic properties with a water contact angle of 95.7°.
After wetting for 10 and 20 minutes, the water contact angle was still hydrophobic (exceeding
90°). The hydrophobic surface is formed due to the high polarity of the surface so that water
fills the grooves very easily through capillary action [44]. Sample Z-9 exhibits properties that
are also hydrophobic with a water contact angle of 82.3°. However, after 30 minutes of wetting,
the water contact angle decreased to 69.6°. These results are similar to a previously conducted
by Shaban et al. (2017), where at 2 h of growth time, it has a contact angle of 35°, 4 h of growth
time with a 40°, and 6 hours of growth time with an 85° contact angle. So, adding growth time
increases the water contact angle with the sample surface [36].
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Figure 6. Self-cleaning test of sample for (a) Z-0, (b) Z-3, (c) Z-6, and (d) Z-9.

Table 2. Contact angle of ZnO sample.

Time (minute) — Z(Egntact Angle (degr;c?)6 —
0 62.2 65.5 95.7 82.3
10 53.4 60.6 93.0 78.7
20 51.9 51.7 90.1 74.4
30 443 415 85.4 69.6

10 20 30
Testing time (minute)
Figure 7. Contact angle curve of self-cleaning test.
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The water contact angle curve against wettability time is shown in Figure 7. The largest
water contact angle is found in sample Z-6. This is because the wettability of the sample surface
involves surface roughness and surface energy that separates the water from the sample. The
Z-6 sample has a homogeneous ZnO nanorod structure, such that the film growing on the
substrate has the optimum roughness. The combination of increasing the roughness of the ZnO
film structure and decreasing the surface energy during growth can increase the hydrophobicity
ability [45].

The water contact angle that exceeds 90° makes ZnO samples potential for self-cleaning
applications. Based on research reported by Valenzuela, for the application of self-cleaning
glass, the surface of the material must be hydrophobic [46]. The hydrophobic makes water roll
down with dirt so it doesn't stick to the glass, and the glass stays clean when exposed to water.
The higher the water contact angle, the better the resulting hydrophobic properties, even
reaching super hydrophobicity at a contact angle exceeding 150° [36].

4. Conclusions

ZnO nanorods prepared using the SILAR-CBD method by different growth times have
been successfully synthesized. ZnO samples show maximum absorption in the ultraviolet
region with high transmittance. ZnO nanorod has a diameter of ~169 nm with a hexagonal
cross-section. The orientation of ZnO crystals with a wurtzite structure is obtained in the plane
direction (002). The self-cleaning ability of the sample, with the best hydrophobic properties,
was produced by Z-6 with a water contact angle of 95.7°. Growth time has affected the physical
properties and self-cleaning ability of ZnO.
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