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Environmental conditions and pollution significantly impact the performance of the power system. In dusty
and foggy environments, the risks of degradation, leakage current, and pollution flashovers increase. Based
on environmental and practical concerns, self-cleaning coatings present a promising solution to prevent
power system failure. The current research uses a spray-coating method to apply a robust ZnO
nanosheet/Epoxy resin superhydrophobic film onto a porcelain insulator. Hydrophilic ZnO nanosheet is
successfully synthesized and modified with oleic acid using a simple wet chemical method. The water
contact angle for ZnO/resin coating insulators was obtained at 153°. The obtained results demonstrate that
wettability remains unchanged under ultraviolet illumination. A sandpaper abrasion test was then employed
to determine the high strength of double-layer ZnO/resin coatings. While coating the glass, the water
contact angle was obtained as 151° on the double-layer coated glass. The results further show that compared
to the uncoated glass, the coated glass slide transmits 51% visible light. A robust ZnO/resin
superhydrophobic coating with high mechanical stability and constant wettability can be effectively used
for power line components. ZnO/resin coating can be applied to insulators in soiling sites, preventing
contamination fouling. The results also indiacte that the leakage current of the insulator decreases by
approximately 42% when using superhydrophobic ZnO/resin coating.

https://doi.0rq/10.30501/acp.2024.419694.1133d

1. INTRODUCTION

Additionally, foggy environments and humid weather

Environmental conditions have significant practical
effects on the safety and stability of power system
operation [1,2]. The rapid growth of industrial sites and
chemical parks has contributed to an increase in dusty
weather [3]. The accumulation of impurities on insulators
and wires raises the risk of degradation,
pollution flashover, and leakage currents [4,5].

lead to the a combination of the water layers and
contaminants, thus increasing the current leakage [6,7].
Photovoltaic system efficiency is also significantly
reduced by the accumulation of pollution layers on solar
panels [8-10]. Dry weather and dust storms promote the
deposition of particulates on the power system
components [11].
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Various methods have been employed to mitigate the
pollution problems in power lines. Water jet cleaning is
a standard method for transmission line cleansing [12].
In deserts and other impassable areas, external insulator
washing and photovoltaic panel cleansing are expensive
and require significant water and labor sources [13].
Aerodynamic insulators can be used in specific areas
such as dry regions, where wind assists in cleaning the
insulators [14]. Another method is using insulators with
silicone or grease coatings. However, these coatings lose
their dielectric and viscosity properties and require
regular change, depending on the environmental
conditions [15]. Room Temperature Vulcanized (RTV)
coating offer effective anti-pollution properties but it
shows poor performance and low mechanical stability
after a while [16]. Other methods involves coatings with
specific wettability properties, such as self-cleaning
coatings that prevent particle accumulation [17]. The
self-cleaning coatings, based on different materials such
as aluminum nitride, titanium dioxide, zinc oxide, and
hafnium oxide, imprve the electrical stability of
insulators [18-20].

Zinc oxide (ZnO) is a non-toxic semiconductor with a
wide bandgap (Eg=3.37 eV) and thermal stability [21—
23]. ZnO can be synthesized into several dimensional
nanostructures that exhibit photocatalytic activity and
different wettability behaviors, namely hydrophobicity
and hydrophilicity [24,25]. Hydrophobic surfaces have a
Water Contact Angle (WCA) greater than 90°, while
superhydrophobic surfaces have a WCA above 150°. In
contrast, hydrophilic coatings have a WCA of less than
90 [26]. While hydrophobic surfaces are cleaned by
rolling water droplets on the surface, hydrophilic surfaces
are covered by water sheets that clean the surface. Self-
cleaning coatings with hydrophobic properties prevent
surfaces from becoming wet. Superhydrophobic coatings
help avoid the formation of contaminant layers and water
films on insulator surfaces. Oleic acid, a low-surface-
energy material, is available in various animal and
vegetable fats and oils [27]. Modifying ZnO
nanoparticles with oleic acid produces superhydrophobic
coatings [28]. The simple and low-cost hydrothermal
method is used to modify nanoparticles with oleic acid
[29].

ZnO self-cleaning coatings can be fabricated through
different methods, such as wet-chemical deposition, sol-
gel process, hydrothermal spray coating, and Chemical
Bath Deposition (CBD) [25,30-34]. Among these
methods, spray coating deposition is a simple and cost-
effective method for self-cleaning coatings. One
challenge faced by older power sites is the replacement
of uncoated insulator. To be specific, replacing coated
insulators at such sites can be costly, making the spray

coating method particularly effective for depositing
ZnOlresin self-cleaning coatings onto existing insulators.

Of note, self-cleaning coatings must be highly durable
in contaminated and windy environments. ZnO/resin
self-cleaning coatings offer a simple and least complex
solition for surface coatings. Epoxy resin provides high
mechanical stability and good adhesion to treated ZnO
nanoparticles (np) [35]. ZnO superhydrophobic np/resin
coating has been considered for application on insulators
in transmission lines located in extremely dry areas.

In this study, the spray-coating method is used to
deposit a superhydrophobic ZnO/epoxy resin self-
cleaning coating on a porcelain insulator. The ZnO
coating is characterized using a Scanning Electron
Microscope (FESEM) to analyze the surface
morphology. The wettability of ZnO/resin self-cleaning
coating is evaluated by measuring the WCA.. The spectra
of the ZnO/resin coating Energy are analyzed using an
Dispersive X-Ray Analyzer (EDX). Leakage current
tests are conducted on the insulator with self-cleaning
coating, and the influence of the ZnO/resin coating on the
electrical properties of the insulator is analyzed. A visible
light transmission test is done to study the transparency
of the layer on the glass surface. Finally, a sandpaper
abrasion test assesses the mechanical stability and
adherence of the coating.

All chemicals used in the experiment were of analytical
grade. Zinc nitrate hexahydrate (Zn(NOs3)..6H,0)
(Aldrich, USA), Sodium hydroxide (NaOH) (Merck,
Germany), Oleic acid (CisH3402) (Merck, Germany),
Resin epoxy (Gando, lIran), and Ethanol (C;HsOH)
(Merck, Germany) were used as reagents. A 0.99 M zinc
nitrate hexahydrate solution in deionized (DI) water was
prepared to synthesize hydrophilic ZnO nanosheets. In a
separate beaker, 2 M sodium hydroxide was dissolved in
deionized water. The zinc nitrate solution was then
steadily added to the NaOH solution dropwise at a low
stirring speed. Subsequently, the blended solution was
vigorously stirred at room temperature for 2 hours. The
mixed solution was then centrifuged for 10 minutes, and
the white precipitates were collected using filter paper.
The residue was rinsed with ethanol and DI water three
times. Finally, the collected ZnO microstructures were
dried in a vacuum at 140-150°C. Fig. 1(a,b) represents
the schematic of the ZnO nanosheet production.

To prepare superhydrophobic ZnO nanosheets, 0.14 M
ZnO hydrophilic nanosheet and 40 mg oleic acid were
dissolved in 6 ml ethanol, as shown in Fig. 1(c). The final
solution was stirred at 80 °C for 90 minutes. For the first
layer, the resin and hardener (in a 3:1 ratio) were
dissolved in 10 ml of absolute pure ethanol for the first
layer. Subsequently, the epoxy resin mixture was stirred
at room temperature for 30 minutes to ensure a precise
and uniform solution.
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Figure 1: Schematic of superhydrophobic ZnO/resin coating process on insulator surface.

Porcelain insulators and glass slides were chosen as
substrates. As a preliminary step, the substrates were
cleaned with acetone, ethanol, and DI water. To apply a
double-layer coating, the resin and ethanol solution were
first sprayed onto the substrates by a spray gun. The
airbrush was held at an optimal distance from the
substrates to ensure complete surface coverage. The
thickness of the coating layer is controlled by adjusting
the pressure of the airbrush. For approximately 20
minutes, while the resin was not fully cured, ZnO
superhydrophobic nanosheets in ethanol solution were
sprayed onto the substrates. The coated surfaces were
then allowed to dry at room temperature for 24 hours. The
schematic of the superhydrophobic ZnO/resin synthesis
process is illustrated in Fig. 1. As shown in Fig. 1(d),
when oleic acid combines with zinc oxide, the long
chains surround ZnO nanosheets.

The morphological and structural characteristics of the
ZnO superhydrophobic coating were investigated using
Field Emission Scanning Electron Microscopy (FESEM)
images obtained by Hitachi S-4160 (20 kV, Japan). The
chemical compositions of the coated surfaces were
analyzed by Energy-Dispersive X-ray Spectroscopy
(EDS). A UVlvisible spectrometer (Perkin-Elmer,
Lambda EZ201, USA) was also utilized to study the
detector's response to different wavelengths. In addition,
electrical properties were examined through leakage
current tests. Here, the leakage current was measured on
the grounding conductor connected to the insulator. The
voltage applied to the conductor varied between 0 kV and
approximately 20 kV, and the current was measured
using an auto-ranging digital multimeter with true RMS
capabilities. The mechanical stability of the self-cleaning

coating was measured using a sandpaper abrasion test. A
medium sandpaper with about 100-120 grit and a 100-g
weight was also used for the stability test.

3. RESULTS AND DISCUSSION

Spray-coating is a simple method for providing a self-
cleaning coating on various substrates. This scalable
method can be used for power lines in non-laboratory
environments. In addition, the spray method facilitates
the deposition of multilayer coatings on substrates. In this
study, double-layer ZnO nanosheets and epoxy resin
coatings were applied to cover the porcelain insulator and
glass slide, respectively. The morphology of
superhydrophobic coatings containing ZnO nanosheets
and ZnO nanosheets/epoxy resin deposited on substrates
was investigated by SEM analysis. Fig. 2(a) shows that
the modified ZnO nanosheets are well-formed with
different lengths and widths with an average thickness of
100 nm. As shown in Fig. 2(b), the ZnO/resin film fully
envelops the porcelain insulator. SEM analysis indicates
that the epoxy resin layer containing ZnO nanosheets is
more uniform than the superhydrophobic ZnO
nanosheets.

Moreover,  superhydrophobic  ZnO  nanosheets
exhibited different textures within the epoxy resin, as
presented in Fig. 2(b). A cross-section image of ZnO
nanosheets/resin coating displays the trapping of
superhydrophobic ZnO nanosheets in the resin layer (Fig.
2(c)). This double-layer coating allows the ZnO
nanosheets to impart super hydrophobicity behavior and
high stability.
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Figure 2: SEM images of (a) ZnO superhydrophobic microsheets, (b) ZnO NS/Resin superhydrophobic coating and (¢c) ZnO

NS/Resin Coating cross section.
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Figure 3. EDS analysis of (a) modified ZnO nanosheets and (b) ZnO/resin coating.

Figure 4. Water droplet on (a) porcelain insulator, (b) glass substrate, (c) resin coating on porcelain, (d) resin coating on glass substrate,
(e) double-layer ZnO/resin coating on porcelain insulator, (f) double-layer ZnO/resin coating glass substrate, (g) porcelain with double-
layer coating and (h) glass with double-layer coating after sandpaper abrasive test.

In the present research, EDS analysis was employed to
determine the chemical composition of ZnO coating.
According to the EDS results, zinc, oxygen, and carbon
were observed, confirming the successful formation of
modified zinc oxide nanosheets (Fig. 3). The other
elements detected originated from the coating layer used
for EDS analysis and the substrate. Further, the EDS
analysis revealed the atomic percentage of zinc and
oxygen atoms as 13.7% and 86.3%, respectively (Fig.
3(a)). In contrast, the atomic percentages of zinc and
oxygen atoms in the ZnOf/resin film were 18.7% and
81.3%, respectively (Fig. 3(b)). As shown in Fig. 3(b),
there are two peaks in the EDS spectrum attributed to
tungsten (W) and carbon (C) elements in the epoxy resin.
Silicon (Si) and silver (Ag) peaks in the EDS spectrum
are attributed to the substrate and EDS tests.

Additionally, the similarity between the EDS spectrums
indicates that the ZnO structures remained stable even
after being mixed with resin epoxy.

The wettability is the most crucial figure of merit in
characterizing the coatings. The WCA measurement was
used to assess the wettability of double-layer ZnO/resin
coating deposited on the porcelain insulator and glass
substrates. According to Fig.4 (a,b), the WCA values for
porcelain and glass without coating were obtained as
25+5°and 30+5°, respectively, indicating that the initial
substrates were hydrophilic. For comparison, the WCA
of the pure resin coating was measured on porcelain and
glass substrates. As shown in Fig.4, the WCAs of
porcelain and glass substrate with resin coating were
60+5° and 5045° respectively. On the contrary, the
WCAs of the coated porcelain insulator and coated glass
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reached 153.745° and 151.2+5° respectively (Fig. 4).
These results show that the pure resin coating possesses
hydrophilic properties while double-layer ZnO/resin
coating exhibits superhydrophobic characteristics on
both surfaces. As shown in Figs. 4 (g) and 4(h), the
WCAs did not change on either substrate following the
sandpaper abrasive test. For several times, both porcelain
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insulator and glass slide with superhydrophobic coating
were exposed to ultraviolet (UV) light and according to
the results, the WCA of the surfaces did not change with
UV exposure. Additionally, there was no crack in the
wettability behavior after UV exposure, a critical
characteristic for some hydrophilic materials. The
combination of pollution and water accelerates the aging
process and increases the risk of leakage current.

(b)

Figure 5. Leakage currents test for (a) Uncoated and (b) coated insulators.
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Figure 6. Leakage currents versus applied voltage for superhydrophobic ZnO/resin self-cleaning coating on insulator surface.
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Figure 7: (a) small glass slide with ZnO/resin superhydrophobic coating and (b) transmittance of glass with ZnO/resin coating in

optical spectra.

In humid conditions, leakage currents flow across the
surface of contaminated insulators. Lower leakage
currents reduce the need for repairs in the distribution
system and minimize the energy loss. The leakage
current of coated and uncoated insulators was measured

in a power transition simulation. Both types of insulators
were connected to the power lines, and their surfaces
were sprayed with water (Fig. 5). The leakage current
was then measured for both coated and uncoated
insulators under wet conditions, the results of which are
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plotted in Fig. 6 at different applied voltages. For the
uncoated insulators, at 15 kV, the leakage current reached
approximately 460 pA. By comparison, for the coated
insulators at 15 kV voltage, leakage current dropped to
241 pA. Overall, the leakage currents in the coated
insulators decreased by 42%, compared to uncoated ones.

The performance of solar panels is similarly affected
by dusty weather conditions. The double-layer ZnO/resin
superhydrophobic coating prevents dirt accumulation on
the surface. Fig. 7(a) shows a glass slide with a double-
layer ZnO/resin coating. Moreover, the transparency of
ZnO/resin superhydrophobic coating makes it suitable
for use in lighting applications. The transmission spectra
show that the average transmittance of the coated
substrate was 51% in the visible range of 400-700 nm
(Fig. 7(b)).

Self-cleaning coatings are utilized in various places,
specifically outdoors, where high mechanical stability is
required. In this regard, a sandpaper abrasion test was
conducted. The coating surface was subjected to a 100-g
weight during the test. The sandpaper was then moved
over a distance of 15 cm with a pressure of 5 kPa, and the
scratching action was repeated 100 times. Afterward, the
water contact angle was measured. The WCA of both the
porcelain insulators and glass surfaces with ZnO/resin
coating showed no significant change after 100 abrasion
cycles, and the coating maintained its superhydrophobic
properties.

4. CONCLUSION(S)

The robust double-layer zinc oxide
superhydrophobic/resin coating was fabricated by spray-
coating on a porcelain insulator and glass slide. Zinc
oxide nanosheets were successfully synthesized by the
one-step wet chemical method and further enhanced by
oleic acid during a hydrothermal process, resulting in
superhydrophobic behavior. In contaminated
environments, the coating deposition on the insulator
surface reduces replacement costs and offers significant
technical and economic benefits. SEM analysis revealed
that the double-layer modified ZnO nanosheets/resin
coated the insulator densely and uniformly. The Water
Contact Angles (WCAs) were approximately 153.74+5°
and 151.2+5° on the porcelain insulator and glass slide
with  ZnO/resin coating, respectively. Double-layer
ZnOlJresin coating on glass and porcelain insulator
surfaces represents superhydrophobic behavior. The
superhydrophobic coating prevents water from flowing
on the surface of the substrate. One of the most notable
features of the coating is its stability in superhydrophobic
behavior even after ultraviolet exposure.

According to the electrical results, the leakage current
on the insulator surface decreased by about 42%. For the
uncoated porcelain insulator at 15 kV, the leakage current
was 460 A while the coated porcelain showed a reduced
current of about 241 A at the same voltage. The double-
layer ZnO/resin  superhydrophobic coating also

demonstrated high mechanical stability during the
sandpaper abrasion test. Further, the transmission spectra
of the coated glass showed 51% optical transmittance in
the visible range of 400-700 nm—allowing potential
applications in lighting such as solar panels. Self-
cleaning ZnO/resin coatings are considerably suitable for
reducing pollution in porcelain insulators, wires, and
other components. The simple implementation method,
high strength, and constant superhydrophobic behavior
of double-layer ZnO/resin coating make it an effective
solution for power line systems in polluted environments.

REFERENCES

1. Qiao X, Zhang Z, Jiang X, Sundararajan R, You J. DC pollution
flashover performance of HVDC composite insulator under
different non-uniform pollution conditions. Electric Power
Systems Research. 2020;185:106351.
https://doi.org/10.1016/j.epsr.2020.106351

2. Salem AA, Lau KY, Rahiman W, et al. Pollution Flashover
Voltage of Transmission Line Insulators: Systematic Review of
Experimental Works. 1EEE Access. 2022;10:10416-10444.
https://doi.org/10.1109/ACCESS.2022.3143534

3. Zhang D, Meng F. Research on the Interrelation between
Temperature Distribution and Dry Band on Wet Contaminated
Insulators. Energies. 2019;12(22):4289.
https://doi.org/10.3390/en12224289

4. Orellana L, Ardila-Rey J, Avaria G, Davis S. Danger assessment
of the partial discharges temporal evolution on a polluted
insulator using UHF measurement and deep learning.
Engineering  Applications  of  Artificial  Intelligence.
2023;124:106573.
https://doi.org/10.1016/j.engappai.2023.106573

5. Maraaba L, Al-Soufi K, Ssennoga T, Memon A, Worku M,
Alhems L. Contamination Level Monitoring Techniques for
High-Voltage Insulators: A Review. Energies.
2022;15(20):7656. https://doi.org/10.3390/en15207656

6.  Honarvar Nazari H, Dhakal TP. Influence of Ag-doping on the
performance of Cu2ZnSnS4 solar cells. Solar Energy.
2023;253:321-331. https://doi.org/10.1016/j.solener.2023.02.001

7. Guo Y, lJiang X, Liu Y, Meng Z, Li Z. AC flashover
characteristics of insulators under haze—fog environment. IET
Generation, Transmission & Distribution. 2016;10(14):3563-
3569. https://doi.org/10.1049/iet-gtd.2016.0284

8.  Kazem HA, Chaichan MT, Al-Waeli AHA, Sopian K. A review
of dust accumulation and cleaning methods for solar photovoltaic
systems. Journal of Cleaner Production. 2020;276:123187.
https://doi.org/10.1016/j.jclepro.2020.123187

9.  Shahryari AM, Bafghi ZG, Manavizadeh N. Efficiency
Enhancement of Heterojunction IBC Solar Cell: Surface
Passivation. In: 2022 30th International Conference on Electrical
Engineering (ICEE). IEEE; 2022:808-811.
https://doi.org/10.1109/ICEE55646.2022.9827127

10. Fan S, Wang Y, Cao S, Sun T, Liu P. A novel method for
analyzing the effect of dust accumulation on energy efficiency
loss in photovoltaic (PV) system. Energy. 2021;234:121112.
https://doi.org/10.1016/j.energy.2021.121112

11. LiuY, Kong X, Du B, Li J, Sun J. Numerical Investigation on
Collision of Pollution Particles on Outdoor Insulators. IEEE
Access. 2019;7:56974-56985.
https://doi.org/10.1109/ACCESS.2019.2914075

12. Alghamdi, Bahaj, Blunden, Wu. Dust Removal from Solar PV
Modules by Automated Cleaning Systems. Energies.
2019;12(15):2923. https://doi.org/10.3390/en12152923

13. Goto S, Nakamura M, Nannyakkara N, Taniguchi T. Accurate
decision-making for timely washing of substation insulators,
based on a pollution model. Control Engineering Practice.
1997;5(12):1683-1689.
https://doi.org/10.1016/S0967-0661(97)10022-3



https://doi.org/10.1016/j.epsr.2020.106351
https://doi.org/10.1109/ACCESS.2022.3143534
https://doi.org/10.3390/en12224289
https://doi.org/10.1016/j.engappai.2023.106573
https://doi.org/10.3390/en15207656
https://doi.org/10.1016/j.solener.2023.02.001
https://doi.org/10.1049/iet-gtd.2016.0284
https://doi.org/10.1016/j.jclepro.2020.123187
https://doi.org/10.1109/ICEE55646.2022.9827127
https://doi.org/10.1016/j.energy.2021.121112
https://doi.org/10.1109/ACCESS.2019.2914075
https://doi.org/10.3390/en12152923
https://doi.org/10.1016/S0967-0661(97)10022-3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Faezeh Afshari et. al. / Advanced Ceramics Progress: Vol. 9, No. 3, (Summer 2023) 43-49 49

Liu Y, Wu G, Guo Y, et al. Pollution agglomeration
characteristics on insulator and its effect mechanism in DC
electric field. International Journal of Electrical Power & Energy
Systems. 2020;115:105447.
https://doi.org/10.1016/j.ijepes.2019.105447

Dai W, Liu P, Chen X, et al. Application of Self-Cleaning
Ceramic and Glass Insulators for Electricity Transmission. In:
Zhang X, Tryk D, Irie H, Fujishima A, eds. Handbook of Self-
Cleaning Surfaces and Materials. 1st ed. Wiley; 2023:545-561.
https://doi.org/10.1002/9783527690688.ch23

Ramirez I, Cherney EA, Jarayam S. Comparison of the erosion
resistance of silicone rubber and EPDM composites filled with
micro silica and ATH. IEEE Trans Dielect Electr Insul.
2012;19(1):218-224.
https://doi.org/10.1109/TDEI.2012.6148521

Mi X, Liang N, Xu H, et al. Toughness and its mechanisms in
epoxy resins. Progress in Materials Science. 2022;130:100977.
https://doi.org/10.1016/j.pmatsci.2022.100977

Barandehfard F, Aluha J, Ntho TA, Gitzhofer F. Synthesizing
AIN Coatings Using Suspension Plasma Spraying: Effect of
Promotional Additives and Aluminum Powder Particle Size. J
Therm Spray Tech. 2022;31(7):2091-2111.
https://doi.org/10.1007/s11666-022-01414-z

Yu J, Liu Y, Huang B, et al. Rapid hydrophobicity recovery of
contaminated silicone rubber using low-power microwave
plasma in ambient air. Chemical Engineering Journal. 2023;
465:142921. https://doi.org/10.1016/j.cej.2023.142921

Castafio JG, Velilla E, Correa L, Gémez M, Echeverria F.
Ceramic insulators coated with titanium dioxide films: Properties
and self-cleaning performance. Electric Power Systems Research.
2014;116:182-186. https://doi.org/10.1016/j.epsr.2014.06.009
Rezaie S, Bafghi ZG, Manavizadeh N. Carbon-doped ZnO
nanotube-based highly effective hydrogen gas sensor: A first-
principles study. International Journal of Hydrogen Energy.
2020;45(27):14174-14182.
https://doi.org/10.1016/j.ijhydene.2020.03.050

Golshan Bafghi Z, Manavizadeh N. Low power ZnO nanorod-
based ultraviolet photodetector: Effect of alcoholic growth
precursor. Optics & Laser Technology. 2020;129:106310.
https://doi.org/10.1016/j.optlastec.2020.106310

Rezaie S, Bafghi ZG, Manavizadeh N, Kordmahale SB. Highly
Sensitive Detection of Dissolved Gases in Transformer Oil With
Carbon-Doped ZnO Nanotube: A DFT Study. IEEE Sensors
Journal. 2022;22(1):82-89.
https://doi.org/10.1109/JSEN.2021.3126654

Afshari F, Bafghi ZG, Manavizadeh N, Nadimi E. H20
Absorption on Mono and Multilayer Zinc Oxide Nanoribbon: A
First Principles Study. In: 2019 27th Iranian Conference on
Electrical Engineering (ICEE). ; 2019:92-96.
https://doi.org/10.1109/IranianCEE.2019.8786684

Afshari F, Golshan Bafghi Z, Manavizadeh N. Unsophisticated
one-step synthesis super hydrophilic self-cleaning coating based
on ZnO nanosheets. Appl Phys A. 2021;128(1):75.
https://doi.org/10.1007/s00339-021-05222-0

Li J, Han X, Li W, Yang L, Li X, Wang L. Nature-inspired
reentrant  surfaces. Progress in  Materials  Science.
2023;133:101064.
https://doi.org/10.1016/j.pmatsci.2022.101064

Paraskar PM, Prabhudesai MS, Hatkar VM, Kulkarni RD.
Vegetable oil based polyurethane coatings — A sustainable
approach: A review. Progress in Organic Coatings.
2021;156:106267.
https://doi.org/10.1016/j.porgcoat.2021.106267

Cirisano F, Ferrari M. Sustainable Materials for Liquid Repellent
Coatings. Coatings. 2021;11(12):1508.
https://doi.org/10.3390/coatings11121508

Hu H, Liang H, Fan J, et al. Assembling Hollow Cactus-Like ZnO
Nanorods with Dipole-Modified Graphene Nanosheets for
Practical Room-Temperature Formaldehyde Sensing. ACS Appl
Mater Interfaces. 2022;14(11):13186-13195.
https://doi.org/10.1021/acsami.1c20680

30.

31.

32.

33.

34.

35.

Wang X, Ahmad M, Sun H. Three-Dimensional ZnO
Hierarchical Nanostructures: Solution Phase Synthesis and
Applications. Materials. 2017;10(11):1304.
https://doi.org/10.3390/mal10111304

Amudhavalli B, Mariappan R, Prasath M. Synthesis chemical
methods for deposition of ZnO, CdO and CdZnO thin films to
facilitate further research. Journal of Alloys and Compounds.
2022;925:166511.
https://doi.org/10.1016/j.jallcom.2022.166511

Yang M, Liu W, Jiang C, et al. Facile construction of robust
superhydrophobic cotton textiles for effective UV protection,
self-cleaning and oil-water separation. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 2019;570:172-181.
https://doi.org/10.1016/j.colsurfa.2019.03.024

Baldelli A, Ou J, Li W, Amirfazli A. Spray-On Nanocomposite
Coatings: ~ Wettability —and  Conductivity.  Langmuir.
2020;36(39):11393-11410.
https://doi.org/10.1021/acs.langmuir.0c01020

Rezaie MN, Manavizadeh N, Nayeri FD, Bidgoli MM, Nadimi E,
Boroumand FA. Effect of seed layers on low-temperature,
chemical bath deposited ZnO nanorods-based near UV-OLED
performance. Ceramics International. 2018;44(5):4937-4945.
https://doi.org/10.1016/j.ceramint.2017.12.086

Sari MG, Saeb MR, Shabanian M, et al. Epoxy/starch-modified
nano-zinc oxide transparent nanocomposite coatings: A
showcase of superior curing behavior. Progress in Organic
Coatings. 2018;115:143-150.
https://doi.org/10.1016/j.porgcoat.2017.11.016



https://doi.org/10.1016/j.ijepes.2019.105447
https://doi.org/10.1002/9783527690688.ch23
https://doi.org/10.1109/TDEI.2012.6148521
https://doi.org/10.1016/j.pmatsci.2022.100977
https://doi.org/10.1007/s11666-022-01414-z
https://doi.org/10.1016/j.cej.2023.142921
https://doi.org/10.1016/j.epsr.2014.06.009
https://doi.org/10.1016/j.ijhydene.2020.03.050
https://doi.org/10.1016/j.optlastec.2020.106310
https://doi.org/10.1109/JSEN.2021.3126654
https://doi.org/10.1109/IranianCEE.2019.8786684
https://doi.org/10.1007/s00339-021-05222-0
https://doi.org/10.1016/j.pmatsci.2022.101064
https://doi.org/10.1016/j.porgcoat.2021.106267
https://doi.org/10.3390/coatings11121508
https://doi.org/10.1021/acsami.1c20680
https://doi.org/10.3390/ma10111304
https://doi.org/10.1016/j.jallcom.2022.166511
https://doi.org/10.1016/j.colsurfa.2019.03.024
https://doi.org/10.1021/acs.langmuir.0c01020
https://doi.org/10.1016/j.ceramint.2017.12.086
https://doi.org/10.1016/j.porgcoat.2017.11.016

