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Abstract Functional coatings, such as anti-reflection and self-cleaning, are frequently applied to cover glass for
photovoltaic applications. Anti-reflection coatings made of mesoporous silica film have been shown to enhance the
light transmittance. TiO, photocatalyst films are often applied as a self-cleaning coating. In this study, transparent
hydrophobic anti-reflective and self-cleaning coatings made of SiO,/TiO, thin layers were fabricated on a slide glass
substrate by the sol-gel and dip-coating processes. The morphology of the functional coatings was characterized by
field emission scanning electron microscopy (FE-SEM) and atomic force microscopy (AFM). The optical properties
of the functional coatings were investigated using an UV-visible spectrophotometer. Contact angle measurements were
performed to confirm the hydrophobicity of the surface. The results showed that the TiO, films exhibit a high
transmittance comparable to that of the bare slide glass substrate. The TiO, nanoparticles make the film more
reflective and lead to a lower transmittance. However, the transmittance of the SiO./TiO; thin layers is 93.5% at 550
nm with a contact angle of 110°, which is higher than that of the bare slide glass (2.0%).
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Fig. 1. FE-SEM images of the (a) SiO, nanoparticles film,
and (b) TiO, nanoparticles film, which are
coated by dip-coating process with a withdrawal
speed of Imm/sec on cleaned slide glass.

Fig. 2. AFM images of the (a) SiO, NPs coating surface,
(b) TiO> NPs coating surface, and (c) SiO2/TiO;
thin layer surface by dip-coating process on
cleaned slide glass, which are analyzed with the
non-contact mode.
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Fig. 3. Transmittance curves of the bare slide glass, TiO,
nanoparticles (NPs) film, and TiO, NPs/Methylene
blue coating, which are coated by dip-coating
process with a withdrawal speed of 1mm/sec on
cleaned slide glass.

(a)
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Fig. 4. Contact angle(CA) measurement images of the
(a) SiO, NPs coating surface, (b) TiO, NPs
coating surface, and (c¢) SiO»/TiO, thin layer
surface by dip-coating process on cleaned slide
glass. The measured CA values are 65.5°,
108.2°, and 110.3°, respectively.
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Fig. 5. Transmittance curves of the bare slide glass,

TiO, NPs coating, SiO»/TiO, thin layer, and

SiO, NPs coating with a hydrophobic surface,
which are coated by dip-coating process on
cleaned slide glass.

R

et

1.

® At Aol e & s v
Az = =

o H]—A].H]—;(] o Aﬂz_i_ g]
<
hed

Bl

< sol-gel 4L 31, dip- coating 37

[e

7154 BE 2YATE
o8, thest 2
287 Y=t 2 2 o]AkslE| e
/dste] dip-coating FH 2 R SiONTiIO;
Ago] ¥AL wjs FUsby, Pk TR
7RIS Qo A %
FAAHZE 111 nmo| Atk

0.0%%} 7H ul%mu}.

APEA 73 AZFEEY 7)5E T
SiOy/TiO, BES] 734 dojellxle] A
FHEE 923%E Sefol= Fohro Hit T
S5 23% E9kom, *‘FA?} ez St
THAH Si0, TE9] At FHEE 93.6%% &g
o= FEhne] ﬁﬂi Fagrt 3.6% =9k
SiOy/TiO, 59 A&7 110.3°2 24 5o] 7
AL B 9] AvZEiee] HEE90S u Ul
Wl osix Az 71Fo] A +E
2 Aoz 7w

o

m

References

D. Lee, M. F. Rubner, and R. E. Cohen,
"All-Nanoparticle Thin Film Coatings", Nano Letters,
Vol. 6, No. 10, pp. 2305-2312, 2006.
DOI: https://doi.org/10.1021/n1061776m

R. Prado, G. Beobide, A. Marcaide, J. Goikoetxea, and
A. Aranzabe, "Development of multifuntional sol-gel
coatings:  Anti-reflection coatings with  enhanced
self-cleaning capacity" Solar Energy Materials & Solar
Cells, Vol. 94, pp. 1081-1088, 2010.

DOI: https://doi.org/10.1016/j.s0lmat.2010.02.031

M. Faustini, L. Nicole, C. Boissi¢re, P. Innocenzi, C.
Sanchez, and D. Grosso, "Hydrophobic, Antireflective,
Self-Cleaning, and Antifogging Sol-Gel Coatings: An
Example of Mutifuntional Nanostructured Materials for



A7 &8 e) =2 A A8 A3%, 2017

[10]

[11]

[12]

[13]

[14]

Photovoltaic Cells" Chemistry of Materials, Vol. 22, pp.
4406-4413, 2010.
DOI: https://doi.org/10.1021/cm100937¢

0. Kesmez, H. E. Camurlu, E. Burunkaya, and E. Arpag,
"Sol-gel  preparation  and  characterization  of
anti-reflective and self-cleaning SiO»-TiO, double-layer
nanometric films", Solar Energy Materials & Solar Cells,
Vol. 93, pp. 1833-1839, 2009.

DOI: https://doi.org/10.1016/j.s0lmat.2009.06.022

S-Y. Lien, D-S. Wuu, W-C. Yeh, and J-C. Liu,
"Tri-layer antireflection coatings (SiO,/SiO»-TiO,/TiO:)
for silicon solar cells using a sol-gel technique" Solar
Energy Materials & Solar Cells, Vol. 90, pp. 2710-2719,
2006.

DOI: https://doi.org/10.1016/j.solmat.2006.04.001

S. Chhajed, M. F. Schubert, J. K. Kim, and E. F.
Schubert, "Nanostructured multilayer graded-index
antireflection coating for Si solar cells with broadband
and omnidirectional characteristics”, Applied Physics
Letters, Vol. 93, p. 251108, 2008.

DOI: https://doi.org/10.1063/1.3050463

M-L. Kuo, D. J. Poxson, Y. S. Kim, F. W. Mont, J. K.
Kim, E. F. Schubert, and S-Y. Lin, "Realization of a
near-perfect antireflection coating for silicon solar
energy utilization", Optics Express, Vol. 33, No. 21, pp
2527-2529, 2008.

DOI: https://doi.org/10.1364/01.33.002527

J. Moghal, S. Reid, L. Hagerty, M. Gardener, and G.
Wakefield, "Development for single layer nanoparticle
anti-reflection coating for polymer substrates", Thin
Solid Films, Vol. 534 pp. 541-545, 2013.

DOLI: https://doi.org/10.1016/j.ts£.2013.03.005

J. Moghal, J. Kobler, J. Sauer, J. Best, M. Gardener, A.
A. R. Watt, and G. Wakefield, "High-Performance,
Single-Layer Antireflective Optical Coatings Comprising
Mesoporous ~ Silica Nanoparticles", ACS Applied
Materials & Interfaces, Vol. 4, pp. 854-859, 2012.
DOL: https://doi.org/10.1021/am201494m

K-S. Han, H. Lee, D. Kim, and H. Lee, "Fabrication of
anti-reflection structure on protective layer solar cells by
hot-embossing method", Solar Energy Materials & Solar
Cells, Vol. 93, pp. 1214-1217, 20009.

DOI: https://doi.org/10.1016/j.s0lmat.2009.01.002

Y. Li, J. Zhang, and B. Yang, "Antireflective surfaces
based on biomimetic nanopillared array"”, Nanotoday,
Vol. 5, pp. 117-127, 2010.

DOI: https://doi.org/10.1016/j.nantod.2010.03.001

W. Choi, "Studies on TiO, Photocatalytic Reactions",
Journal of The Korean Industrial and Engineering
Chemistry, Vol. 14, No. 8, pp. 1011-1022, 2003.

H-H. Jung, J-H. Kim, J. Hwang, T-Y. Lim, and D-G.
Choi, "Fabrication of super hydrophilic TiO, thin film
by a liquid phase deposition", Journal of the Korean
Crystal Growth and Crystal Technology, Vol. 20, No. 5,
pp. 227-231, 2010.

DOI: https://doi.org/10.6111/JKCGCT.2010.20.5.227

A. Nakajima, K. Hashimoto, and T. Watanabe,
"Transparent ~ Superhydrophobic ~ Thin  Films  with
Self-Cleaning Properties" Langmuir, Vol. 16, pp.
7044-7047, 2000.

DOI: https://doi.org/10.1021/1a000155k

[15] H. Zhang, D. Fan, T. Yu, and C. Wang,
"Characterization of anti-reflective and self-cleaning
Si0,-TiO, composite film", Journal of Sol-Gel Science
and Technology, Vol. 66, pp. 274-279, 2013.

DOI: https://doi.org/10.1007/s10971-013-3004-y

W. Glaubitt, and P. Lobmann, "Anti-soiling effect of
porous SiO, coatings prepared by sol-gel processing",
Journal of Sol-Gel Science and Technology, Vol. 59, pp.
239-244, 2011.

DOI: https://doi.org/10.1007/s10971-011-2489-5

A. Shokuhfar, M. Alzamani, E. Eghdam, M. Karimi, and
S. Mastali, "SiO, - TiO, Nanostructure Films on
Windshields Prepared by Sol-Gel Dip-Coating Technique
for Self-Cleaning and Photocatalytic Applications",
Nanoscience and Nanotechnology, Vol. 2, No. 1, pp.
16-21, 2012.

DOI: https://doi.org/10.5923/1.nn.20120201.04

F. Li, Q. Li, and H. Kim, "Spray deposition of
electrospun TiO, nanoparticles with self-cleaning and
transparent properties onto glass", Applied Surface
Science, Vol. 276, pp. 390-396, 2013.

DOI: https://doi.org/10.1016/j.apsusc.2013.03.103

[16]

[17]

(18]

' & OK(Yeoung-Ah Noh)

716 Ve, AuA B A, S48 A

>

Z! 7| E(Ki-Chul Kim) ENEE]

019931 2¢ : g

(°l3h

0199611 29 : o}t o)
o

olFujstiL %

st}

£33} (o]t Ah
020021 29 : olFTigtul

Eghat (o]3hutah
0200241 49 ~ 200641 3¥ : 3

AAFAATA AdAd
0200841 3¢ ~ AA| : HAta AlAAstEtE ety wa

<oy ol

71578 v, oluAdE A, 7 et

=

o



