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ZnO nanorod arrays were fabricated on glass through hydrothermal way. Then a thin SiO2
�lm was covered on ZnO nanorod arrays using pulsed laser deposition (PLD) technique,
and modi�ed by stearic acid. It was found that SiO2 �lm only had slight effects on the
contact angle and transmittance of ZnO nanorod arrays. However, it had brought a huge
improvement in the UV durability of superhydrophobic ZnO nanorod arrays. The results
showed that the water contact angle remains constantly at 160.5� even UV irradiation
time exceeded 50 h when the deposition time of PLD was about 10min. This structure
with UV-durable superhydrophobicity and highly transmittance on glass substrate can
be served as front materials in solar cells.

Keywords: ZnO nanorod arrays, superhydrophobicity, solar cell, PLD, UV durability

INTRODUCTION

Superhydrophobic surfaces have won considerable attentionsbecause of its important application
in self-cleaning, corrosion resistance, micro�uidic systems and so on (Maghsoudi et al., 2019;
Qu et al., 2019; Lv et al., 2020; Zhu et al., 2020). Rough micro-nano surface and lower surface
energy are responsible for the formation of superhydrophobic surface (Shchukin et al., 2006; Wang
et al., 2015; Velayi and Norouzbeigi, 2018). Many methods have been adopted to manufacture
superhydrophobic surface (Darmanin and Guittard, 2011; Li and Guo, 2019; Zhang et al., 2020).
ZnO is a common material used to prepare superhydrophobic surface. The reason is that it is not
only rich in raw materials but also the morphology is easy to adjust through various methods (Zang,
2018; Aydemir et al., 2019; Wang et al., 2019).

As dust accumulates on the glass surface, the e�ciency of solar cells will be reduced by nearly
half (Elminir et al., 2006). It is of great importance to design a self-cleaning surfacefor solar cells.
In addition to this property, prepared �lm must have good transmittance in the range of sunlight
as well as being UV-durable (Park et al., 2011). Nanostructure ZnO has high visible transmittance
due to its high band gap. Compared with TiO2, the electron mobility in ZnO is higher, which can
reduce the electron transfer time in the �lm (de Jongh and Vanmaekelbergh, 1996). In addition,
ZnO and its doping have been widely used in solar cells (Shen et al., 2019), pressure-sensitive
devices (Chen et al., 2016), and transparent conductive electrodes (Sharmma et al., 2017) due
to its excellent photoelectric performance.Gao et al. (2011)fabricated highly transparent and
superhydrophobic ZnO nanorod arrays on glass. It was found that this �lm had minimal impact on
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solar cell. However, the superhydrophobic surfaces formed
by ZnO micro-nano structure are easy to lose their
superhydrophobicity under sunlight because of photooxidative
ability (Li et al., 2013). The wettability switch under UV
irradiation from superhydrophobicity to superhydrophilicity on
the surface of ZnO is caused by photochemical reactions (Feng
et al., 2004).

SiO2 is a material of ceramics with excellent electrical
insulation performance (Wang et al., 2009). Furthermore, SiO2
can easily form cross-linked chains and react with hydroxyl
groups on the surface of ZnO (Al-Asbahi, 2017). Therefore,
SiO2 can be acted as UV-resistant material to form UV-durable
superhydrophobicity. It is reported that the SiO2 is covered
on ZnO nanorod arrays to form UV-durable superhydrophobic
surface (Li et al., 2019). SiO2 �lm can be prepared through
various techniques (Xue et al., 2013). Compared to these
techniques, pulsed laser deposition (PLD) is a superior method
for the growth of oxide �lm and it has many advantages,
such as high deposition rate, low substrate temperature, precise
stoichiometry, easily controlled thickness and so on (Nikov et al.,
2019). SiOx thin layer was fabricated on the surface of isolated
multi-walled carbon nanotubes through PLD and the thickness
can be précised controlled (Ikuno et al., 2003). SiO2 thin �lm was
prepared on di�erent substrate in the case of O2. It was found that
the transmittance of the 400-nm-thick �lms was 95% at a 500 nm
wavelength (Okosh et al., 2002).

SiO2 �lms were deposited on ZnO nanorod arrays through
PLD method and modi�ed by stearic acid. The results
showed that superhydrophobicity of SiO2/ZnO/glass remained
stable even after prolonged UV irradiation. In addition,
the light transmittance reached 85% in the visible region.
Thus, the SiO2/ZnO/glass with superhydrophobicity and high
transmittance may provide an e�ective application in solar cells.

EXPERIMENTS

Preparation of ZnO Seed Layer on Glass
C4H6O4Zn�2H2O was dissolved in ethanol at room temperature.
The concentration and volume of C4H6O4Zn�2H2O solution
was 0.005 M and 100 ml, respectively. The solution was stirred
for 2 h to form a stable suspension. The length, width and
thickness of the Corning 7059 glass were 4 cm, 4 cm, and 1 mm,
respectively. Glasses were sequentially cleaned by hydrochloric
acid, acetone before being dried at room temperature. The
solution was dropped onto the surface of glasses by straw and
waited for the ethanol to evaporate. This process was repeated
for six times. Finally glasses were annealed in mu�e furnaceat
350� C for 30 min.

Preparation of ZnO Nanorod Arrays
Three glass substrates were suspended vertically in three sealed
beakers which containing 8 mM zinc nitrate hydrate 200 ml and
8 mM hexamethylenetetramine 200 ml. The three bakers were
heated at 95� C in furnace with 2, 4, and 6 h, respectively. The
glass substrates were then rinsed with deionized water and dried
in the air.

Deposition of SiO 2 Film
ZnO nanorod arrays were coated by SiO2 �lm through PLD
with l D 248 nm KrF. The base pressure was 10� 4 Pa. During
the preparation of the sample, the O2 was introduced into the
chamber. The pulse frequency, operating pressure and laser
energy density were 5 Hz, 5 Pa, and 1.8 J/cm2, respectively. The
deposition time was 5 and 10 min. The distance between the silica
dioxide target and the substrate was 45 cm.

Hydrophobization of Samples With Stearic
Acid
Both SiO2 coated and uncoated ZnO nanorod arrays were
immersed in ethanol solution of stearic acid (8 mM, C18H36O2)
100 ml for about 24 h at room temperature.

Characterization of Sample
Surface morphology, di�raction signal and water contact
angle were performed by �eld-emission scanning electron
microscope (SEM, JEOL, JSM-6610LV), X-ray di�ractometer
(XRD, XDAL-3000), High resolution transmission electron
microscope (HRTEM, JEOL, JEM-2100) and contact angle
measuring instrument (JC2000C1). The surface composition
and photoluminescence spectrum of �lms were carried by
Fourier transform infrared (FTIR, FP-6500) spectrometer and
spectro�uorometer (FLS920 325 nm). The transmittance of the
�lms was measured by ultraviolet-vis spectrometer (UV-Vis,
Lambra-950). The ultraviolet light was provided by the 300 W
mercury lamp (CEL-LAM300, 50 mW cm� 2, maximum light
intensity at 365 nm). The distance between the light source and
the sample was 30 cm.

RESULTS AND DISCUSSION

Figure 1shows the SEM images of ZnO nanorod arrays prepared
on glass with di�erent reaction times. When reaction time is
2 h (Figures 1A,B), the diameter of ZnO nanorod is small, and
some ZnO nanorod entangled with each other. It is shown in
Figures 1C,D, the diameter is bigger and about 40–60 nm when
reaction time is 4 h. in addition, ZnO nanorod stood nearly
perpendicularly on the glass and the number of ZnO nanorod
is about 36 rootsmm� 2. With the increase of reaction time, the
diameter and number of ZnO nanorod is about 150 nm and 10
rootsmm� 2, respectively. The X-ray di�raction patterns of ZnO
nanorod arrays with reaction time of 4 h were shown inFigure 2.
Compared with the peaks of (100), (101), (102), (110), (103),
(112), and (202), the intensity of (002) peak is much stronger
than that of the others, showing that the ZnO nanorod arrays
are c-axis oriented. In the formation of ZnO nanostructure under
hydrothermal conditions, the growth velocities areV[0001] >
V[01N10] > V[000N1], resulting in the formation of six-prism ZnO
nanorod (Liu et al., 2009). As reaction time increases, ZnO
nanorod exhibits increased diameter. In addition, their surfaces
will become a little rougher due to dissolution. This can be
con�rmed in the Figures 1E,F.

Figure 3shows the water contact angle on the ZnO nanorod
arrays with di�erent reaction time. The water contact angleson
ZnO nanorod arrays modi�ed by stearic acid are about 133.3� ,
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FIGURE 1 | SEM images of the ZnO nanorod arrays coated on glass
substrate with different reaction time(A) 2 h, (C) 4 h, and (E) 6 h; (B,D,F) are
as-prepared large area ZnO nanorod arrays of the corresponding samples.

160.5� , and 149.1� , respectively. Wettability of ZnO nanorod
arrays can be explained by the Cassie equation (Cassie and
Baxter, 1944)

cos� � D � 1 C f1(1 C cos� )

Where � is water contact angle of smooth glass,� � is water
contact angle of ZnO nanorod arrays, andf 1 is surface fraction
of solid. As shown inFigure 1A, the surface roughness is small
because the diameter of ZnO nanorod is small and lodging on
the glass substrate. And the water contact angle is smaller.It
can be estimated fromFigures 1C,Ethat thef 1 values are about
0.15 and 0.36, respectively. A lot of air can be trapped among
ZnO nanorod and acted as a barrier to diminish the contact
between water and ZnO nanorod. Based on the above data, the
ZnO nanorod arrays with reaction time of 4 h are selected as the
research object for the following experiment.

ZnO nanorod arrays are coated with a thin SiO2 �lm by pulsed
laser deposition (PLD) technique and modi�ed by stearic acid.
Surface morphology and wettability on this surface unchanged
and are the same asFigure 1 and Figure 3B. This shows that
the thickness of SiO2 �lm is so thin that it negligibly changes
the morphology of ZnO nanorod arrays. The X-ray di�raction
patterns of SiO2 shell on ZnO nanorod arrays are the same as
Figure 2and there are no characteristic peaks of SiO2. This shows
that the amount of SiO2 is very small or exists in amorphous
state. In order to prove the presence of SiO2, the elements
analysis of SiO2 shell on ZnO nanorod arrays is carried out

FIGURE 2 | X-ray diffraction patterns of the ZnO nanorod arrays coatedon
glass substrate with reaction times 4 h.

FIGURE 3 | The water contact angle on the ZnO nanorod arrays with different
reaction time(A) 2 h, (B) 4 h, and (C) 6 h.

with energy dispersive spectrum (EDS).Figure 4 exhibits the
elements of prepared sample consisted of O, Zn and Si. To judge
the deposition �lm, X-ray photoelectron spectroscopy (XPS)
analyses with an Mg Ka X-ray source is used. It can be seen in
Figure 5 that the position of Si 2p is 103 eV. This shows that
the deposition �lm is SiO2. Figure 6 shows the TEM image of
ZnO nanorods. A dense shell of SiO2 is observed to coat the
surface of ZnO nanorods (Figures 6A,B) and the thickness is
about 5 nm. These show that the surface of ZnO nanorods is
coated by SiO2 �lm.

Figure 7illustrates Fourier transform infrared (FTIR) spectra
of SiO2 coated on ZnO nanorod arrays before and after
modi�cation by stearic acid. Two absorption peaks at 2,918 and
2,850 cm� 1 are the antisymmetric and symmetric stretching
vibration of methyl and methylene. Two absorption peaks at
1,528 and 1,442 cm� 1 are the stretching vibrations of -COOH-
in the CH3(CH2)16COO- group (Meth and Sukenik, 2003). This
shows that stearic acid has been successfully assembled on the
surface of sample.

ZnO is a kind of material with good photocatalytic properties
and has a strong oxidation capacity (Zhang et al., 2004). It
is known that photo-generated electron-hole pairs under UV
irradiation in ZnO react with oxygen and water, producing
hydroxyl radicals (Sun et al., 2001). So it can completely
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FIGURE 4 | EDS of SiO2 shell on ZnO nanorod arrays.

FIGURE 5 | Si2p XPS signal of SiO2 shell on ZnO nanorod arrays.

FIGURE 6 | (A) TEM image of and(B) HRTEM.

decompose organic compounds modi�ed on the surface of
ZnO eventually to carbon dioxide and water.Figure 8A shows
that the water contact angle on ZnO nanorod arrays under

FIGURE 7 | FITR spectra of SiO2 shell on ZnO nanorod arrays before and after
modi�cation by stearic acid.

UV irradiation for 2 h. the contact angle is about 16.1� . This
shows that the wettability of ZnO nanorod arrays changes from
superhydrophobicity to hydrophilicity.Figures 8B,Cshows the
water contact angle on SiO2/ZnO/glass structure under UV
irradiation for 4 h with 5 and 10 min deposition time. The water
contact angles are about 143.2� and 160.5� , respectively. This
indicates that SiO2 can e�ectively protect the superhydrophobic
surface of ZnO nanorod arrays.

Figure 9 illustrates the further relationship about the change
of the water contact angle on SiO2/ZnO/glass structure under
UV irradiation. The water contact angle on bare ZnO nanorod
arrays decreased quickly to 0� in 3 h. When the deposition
time is 5 min, the water contact on SiO2/ZnO/glass structure
only decreased from 160.5� to 92.8� in 50 h. The water
contact even nearly unchanged when the deposition time is
extended to 10 min. The valence of SiO2 is far lower and
conduction band is higher than ZnO, respectively. Electron-
hole pairs generated in ZnO are hard to get through barrier
between ZnO and SiO2, as a result, electron-hole pairs are
di�cult to react with stearic acid modi�ed on the surface of
SiO2. This is the primary reason for the formation of UV-
durable superhydrophobic surface. Electron-hole pairs will have
to recombine with each other to generate photoluminescence
through radiative transition, leading to the increase in the
intensity of UV emission. The photoluminescence spectra of
samples were performed by FLS 920 using excitation of 325 nm.
Figure 10 gives the photoluminescence spectra of bare ZnO
and SiO2 coated on ZnO with deposition of 10 min. It can
be proved that the intensity of UV emission of SiO2 coated
on ZnO is stronger than bare ZnO. In addition, Si-O bonds
in SiO2 readily react with hydroxyl radicals on the surface of
ZnO (Wu et al., 2007), as a result, ultra-thin SiO2 shell �lm
deposited through PLD is essential to the formation of UV-
durable superhydrophobic surface.
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FIGURE 8 | (A) is water contact angle on the surface of bare ZnO nanorod arrays after exposure to UV for 2 h.(B,C) are water contact angle on the surface of SiO2
shell on ZnO nanorod arrays with deposition times 5 and 10 minafter exposure to UV for 4 h. All the samples were modi�ed by stearic acid.

FIGURE 9 | The relationship between deposition time of SiO2 shell modi�ed
by stearic acid and water contact angle under UV illumination.

FIGURE 10 | Photoluminescence spectra of bare ZnO and SiO2 coated on
ZnO with deposition of 10 min.

High transmittance is the basic requirement for the front
electrode materials in solar cells. ZnO nanostructure has good
transmittance in visible and infrared region due to high band
gap of 3.2 eV. The thickness of SiO2 �lm is so thin that the e�ect

FIGURE 11 | Transmittance spectra of SiO2 shell on ZnO nanorod arrays and
bare glass.

on the surface morphology and water contact angle is negligible.
Figure 11gives the transmittance spectra of SiO2 shell on ZnO
nanorod arrays and bare glass. It can be shown that transmittance
is around 85% when wavelength ranges from 400 to 800 nm and
with a small transmittance loss compared to bare glass. This loss
in transmittance is acceptable compared to a loss of nearly half
the e�ciency due to dust.

CONCLUSION

A large area of vertically aligned ZnO nanorod arrays was
prepared through chemical hydrothermal process. Ultra-thin
SiO2 shell �lm was deposited on ZnO nanorod arrays
through PLD, and subsequently modi�ed by stearic acid.
This SiO2/ZnO/glass structure exhibited well UV-durable
superhydrophobicity and highly transmittance. These properties
can have important applications in solar cells.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

Frontiers in Chemistry | www.frontiersin.org 5 February 2020 | Volume 8 | Article 101



Li et al. UV-Durable and Highly Transmittance

AUTHOR CONTRIBUTIONS

HW, QLi, QLiu, XZ and QG participated in the discussion and
gave useful suggestions. The manuscript was composed
by HL and JZ. All authors read and approved the
�nal manuscript.

FUNDING

This work was supported by the Natural Science Foundation
(Nos. 11974127, 51973078) and the Natural Science Foundation
of Anhui Province (No: 1808085ME140), the Program
for excellent young talents in College and University
(No. gxyq2018162).

REFERENCES

Al-Asbahi, B. A. (2017). In�uence of anatase titania nanoparticles content on
optical and structural properties of amorphous silica.Mater. Res. Bull. 89,
286–291. doi: 10.1016/j.materresbull.2017.01.004

Aydemir, G., Utlu, G., and Cetinel, A. (2019). Growth and characterization
of ZnO nanostructures on porous silicon substrates: e�ect of solution
temperature. Chem. Phys. Lett. 737:136827. doi: 10.1016/j.cplett.2019.1
36827

Cassie, A. B. D., and Baxter, S. (1944). Wettability of porous surfaces.Trabs Farad
Soc. 40, 546–551.

Chen, M. X., Pan, C. F., Zhang, T. P., Li, X. Y., Liang, R. R., and Wang, Z. L.
(2016). Tuning light emission of a pressure-sensitive silicon/ZnO nanowires
heterostructure matrix through piezo-phototronic e�ects.ACS Nano10,
6074–6079. doi: 10.1021/acsnano.6b01666

Darmanin, T., and Guittard, F. (2011). Superhydrophobic �ber mats by
electrodeposition of �uorinated poly(3,4-ethyleneoxythiathiophene). J. Am.
Chem. Soc. 133, 15627–15634. doi: 10.1021/ja205283b

de Jongh, P., and Vanmaekelbergh, D. (1996). Trap-limited electronic transport
in assemblies of nanometer-size TiO2 particles.Phys. Rev. Lett. 77, 3427–3430.
doi: 10.1103/PhysRevLett.77.3427

Elminir, H. K., Ghitas, A. E., Hamid, R. H., El-Hussairly, F., Beheary, M.
M., Abdel-Moneim, K. M. (2006). E�ect of dust on the transparent
cover of solar collectors.Energy Convers. Manage. 47, 3192–3203.
doi: 10.1016/j.enconman.2006.02.014

Feng, X., Feng, L., Jin, M., Zhai, J., Jiang, L., and Zhu, D. (2004). Reversible super-
hydrophobicity to super-hydrophilicity transition of aligned ZnO nanorod
�lms. J. Am. Chem. Soc. 126, 62–63. doi: 10.1021/ja038636o

Gao, Y. Q., Gereige, I., Ei Labban, A., Cha, D., Isimjan, T. T., and Beaujuge,
P. M. (2011). Highly transparent and UV-resistant superhydrophobic SiO2-
coated ZnO nanorod arrays.ACS Appl. Mater. Interfaces3, 3152–3156.
doi: 10.1021/am405513k

Ikuno, T., Katayama, M., Kamada, K., Honda, S., Lee, J. G., and Oura, K. (2003).
Insulator-coated carbon nanotubes synthesized by pulsed laserdeposition.Jpn.
J. Appl. Phys. 42, 1356–1358. doi: 10.1143/JJAP.42.L1356

Li, H., Lu, H. Y., Liu, S. L., Li, Q., and Liu, Q. Z. (2019). SiO2 shell on ZnO nano�ake
arrays for UV-durable superhydrophobicity on Al substrate.Mater. Res. Bull.
114, 85–89. doi: 10.1016/j.materresbull.2019.02.022

Li, H., Zheng, M. J., Liu, S. D., Ma, L., Zhu, C. Q., and Xiong, Z. Z. (2013).
Reversible surface wettability transition between superhydrophobicity
and superhydrophilicity on hierarchical micro/nanostructure ZnO mesh
�lms. Surf. Coat. Technol. 224, 88–92. doi: 10.1016/j.surfcoat.2013.
03.004

Li, Z. H., and Guo, Z. G. (2019). Bioinspired surfaces with wettability for
antifouling application.Nanoscale11, 22636–22663. doi: 10.1039/C9NR05870B

Liu, X., H., Afzaal, M., Ramasamy, K., O'Brien, P., and Akhtar, J. (2009). Synthesis
of ZnO hexagonal single-crystal slices with predominant (0001) and (000-1)
facets by poly (ethylene glycol) -assisted chemical bath deposition.J. Am. Chem.
Soc. 131, 15106–15107. doi: 10.1021/ja906992s

Lv, L. N., Liu, H., Zhang, W., Chen, J. Y., and Liu, Z. Z. (2020).Facile
UV-curable fabrication of robust, anti-icing superhydrophobic coatings
based on polyurethane.Mater. Lett. 258:126653. doi: 10.1016/j.matlet.2019.1
26653

Maghsoudi, K., Momen, G., Jafari, R., and Farzaneh, M. (2019). Rigorous testing
to assess the self-cleaning properties of an ultra-water-repellent silicone
rubber surface.Surf. Coat. Technol. 374, 557–568. doi: 10.1016/j.surfcoat.2019.
05.073

Meth, S., and Sukenik, C. N. (2003). Siloxane-anchored thin �lmson
silicon dioxide-modi�ed stainless steel.Thin Solid Films 425, 49–58.
doi: 10.1016/S0040-6090(02)01296-8

Nikov, R. G., Dikovska, A. O., Avdeev, G. V., Amoruso, S., Ausanio, G., and
Nedyalkov, N. N. (2019). PLD fabrication of oriented nanowires in magnetic
�eld. Appl. Surf. Sci. 471, 368–374. doi: 10.1016/j.apsusc.2018.12.030

Okosh, M., Kusaaki, M., and Inoue, N. (2002). Pulsed laser deposition of SiO2

thin �lms with dimethylpolysiloxane targets.Jpn. J. Appl. Phys. 42, 1395–1399.
doi: 10.1143/JJAP.41.1395

Park, Y. B., Im, H., Im, M., and Choi, Y. K. (2011). Self-cleaning e�ect of highly
water-repellent microshell structures for solar cell applications.J. Mater. Chem.
21, 633–636. doi: 10.1039/C0JM02463E

Qu, J., Yang, Y. L., Yang, S. S., Hu, D. H., and Qiu, H. H. (2019).
Droplet impingement on nano-textured superhydrophobic surface:
experimental and numerical study.Appl. Surf. Sci. 491, 160–170.
doi: 10.1016/j.apsusc.2019.06.104

Sharmma, V., Kumar, P., Kumar, A., Surbhi, Asokan, K., and Sachdev,
K. (2017). High-performance radiation stable ZnO/Ag/ZnO multilayer
transparent conductive electrode.Sol. Energ. Mat. Sol. C169, 122–131.
doi: 10.1016/j.solmat.2017.05.009

Shchukin, D. G., Zheludkevich, M., Yasakau, K., Lamaka, S., Ferreira, M. G. S., and
Mohwald, H. (2006). Layer-by-layer assembled nanocontainers for self-healing
corrosion protection.Adv. Mater. 18, 1672–1678. doi: 10.1002/adma.200502053

Shen, X. N., Yang, M., Zhang, C., Qiao, Z. X., Wang, H., and Tang, C. C. (2019).
Utilizing magnetron sputtered AZO-ITO bilayer structure as transparent
conducting oxide for improving the performance of �exible CIGS solarcell.
Superlattice. Microst. 123, 251–256. doi: 10.1016/j.spmi.2018.09.001

Sun, R. D., Nakajima, A., Fujishima, A., Watanabe, T., and Hashimoto, K. (2001).
Photoinduced surface wettability conversion of ZnO and TiO2 thin �lms. J.
Phys. Chem. B105, 1984–1990. doi: 10.1021/jp002525j

Velayi, E., and Norouzbeigi, R. (2018). Annealing temperature
dependent reversible wettability switching of micro/nano structured
ZnO superhydrophobic surfaces.Appl. Surf. Sci. 441, 156–164.
doi: 10.1016/j.apsusc.2018.02.005

Wang, L. B., Zhao, Y. Y., Zheng, K. S., She, J. C., Deng, S. Z., Xu, N. S.,
et al. (2019). Fabrication of large-area ZnO nanowire �eld emitter arrays by
thermal oxidation for high-current application.Appl. Surf. Sci. 484, 966–974.
doi: 10.1016/j.apsusc.2019.04.169

Wang, L. L., Zhang, X. T., Fu, Y., Li, B., and Liu, Y. C. (2009). Bioinspired
preparation of ultrathin SiO2 shell on ZnO nanowire array for
ultraviolet-durable superhydrophobicity. Langmuir 25, 13619–13624.
doi: 10.1021/la901998p

Wang, N., Xiong, D., Deng, Y., Shi, Y., and Wang, K. (2015). Mechanically
robust superhydrophobic steel surface with anti-icing, UV-durability, and
corrosion resistance properties.ACS Appl. Mater. Interfaces7, 6260–6272.
doi: 10.1021/acsami.5b00558

Wu, Y. L., Tok, A. I. Y., Boey, F. Y.C., Zeng, X. T., and Zhang, X. H.(2007).
Surface modi�cation of ZnO nanocrystals.Appl. Surf. Sci. 253, 5473–5479.
doi: 10.1016/j.apsusc.2006.12.091

Xue, C. H., Yin, W., Zhang, P., Zhang, J., Ji, P. T., and Jia, S. T.(2013). UV-durable
superhydrophobic textiles with UV-shielding properties by introduction of
ZnO/SiO2 core/shell nanorods on PET �bers and Hydrophobization.Colloids
Surf. A Physicochem. Eng. Aspects427, 7–12. doi: 10.1016/j.colsurfa.2013.
03.021

Zang, Z. (2018). E�ciency enhancement of ZnO/Cu2O solar cells with well
oriented and micrometer grain sized Cu2O �lms. Appl. Phys. Lett. 112:042106.
doi: 10.1063/1.5017002

Frontiers in Chemistry | www.frontiersin.org 6 February 2020 | Volume 8 | Article 101



Li et al. UV-Durable and Highly Transmittance

Zhang, J. C., Chen, F. Z., Lu, Y., Zhang, Z. T., Liu, J. Y., Chen, Y., et al. (2020).
Superhydrophilic–superhydrophobic patterned surfaces on glass substrate for
water harvesting.J. Mater. Lett. 55, 498–508. doi: 10.1007/s10853-019-0
4046-x

Zhang, X. T., Sato, O., and Fujishima, A. (2004). Water ultrarepellency induced
by nanocolumnar ZnO surface.Langmuir 20, 6065–6067. doi: 10.1021/la04
9471f

Zhu, H. B., Hu, W. H., Zhao, S. P., Zhang, X., Pei, L., Zhao, G. Z.,
et al. (2020). Flexible and thermally stable superhydrophobic surface
with excellent anti-corrosion behavior.J. Mater. Sci. 55, 2215–2225.
doi: 10.1007/s10853-019-04050-1

Con�ict of Interest: The authors declare that the research was conducted in the
absence of any commercial or �nancial relationships that could be construed as a
potential con�ict of interest.

Copyright © 2020 Li, Zou, Wei, Li, Gao, Liu and Zhang. This is an open-access
article distributed under the terms of the Creative CommonsAttribution License (CC
BY). The use, distribution or reproduction in other forums ispermitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Chemistry | www.frontiersin.org 7 February 2020 | Volume 8 | Article 101


