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Abstract © In this study, we prepared hybrid composites by using low temperature sol-gel process
for transparent and hard coating film. The hybrid composites consist of ZrO,/TiO,/organosilane, of
which organosilane was introduced 3—(trimethoxysilyl)propyl methacrylate due to the role of a
photocurable ceramic material for low temperature process. The ceramic composites with various
composition ratios were coated on a polycarbonate substrate using a sol-gel process of low
temperature process, and characterized optical and mechanical properties of coated thin film. The
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transparencies of coated thin films were 97.5 % or more, and the pencil hardness were 9H or more.
In the case of the ZTS-2-1, the nano—indentation hardness was measured at the highest value of 1.14

GPa.
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Fig. 1. Schematic route for synthesis of ZTS hybrid composites via low temperature sol—gel process.

Table 1. Composition of the coating solution with various molar ratios of Zr and Ti precursors

Solution 1 Solution 2 Solution 3 Photoinitiator

Sample (molar ratio) (molar ratio) (molar ratio) (Wt%)

ZnP TiP IPA TMSPM | MAA AA Di—water OGA
ZTS-1 1 5
ZTS-2 2 4
ZTS-3 3 3 60 6 3 1.5 1.5 2
ZTS-4 4 2
ZTS-5 5 1

Table 2. Composition of the coating solution with various molar ratios of Si precursors

Solution 1 Solution 2 Solution 3 Photoinitiator
Sample (molar ratio) (molar ratio) (molar ratio) (Wt%)
ZnP TiP IPA TMSPM | MAA AA Di—water OGA
ZTS-2-0.2 0.2 0.1 0.05 0.05
ZTS-2-0.5 0.5 0.25 0.13 0.13
ZTS-2-1 1 10 1 0.5 0.25 0.25 )
ZTS-2-3 ) 3 1.5 0.75 0.75
ZTS-2-4 0.33:0.66) 4 2.0 1.0 1.0
ZTS-2-7 7 3.5 1.75 1.75
=4 ol-gste] PAH I "ol & Zr AFAE Ti A9 H&-S HIAA FF
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Fig. 2. XPS spectra of hybrid coating agents
with various molar ratios of precursors.
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Fig. 5. (a) Hardness and (b) Load of 100 nm
depth of hybrid coating films with
of Zr and Ti

various molar ratios

precursors.

Table 3. Mechanical properties of the hybrid coating film with various molar ratios

Nano-indentation test
Sample Pencil hardness test Load [mN]
! Hardness [GPa] with 100 nm depth
ZTS-1 > 9H 0.98 + 0.02 0.31
ZTS-2 > 9H 1.14 £ 0.04 0.37
ZTS-3 > 9H 0.96 = 0.01 0.29
ZTS-4 > 9H 0.93 + 0.03 0.29
ZTS-5 > 9H 091 + 0.02 0.28
ZT1S-2-0.2 > 9H 0.86 = 0.03 0.27
ZTS-2-0.5 > 9H 0.93 + 0.03 0.31
ZTS-2-1 > 9H 1.14 + 0.04 0.37
ZTS-2-3 > 9H 1.08 + 0.04 0.32
ZTS-2-4 > 9H 0.78 £ 0.01 0.23
ZTS-2-17 > 9H 0.53 + 0.03 0.16

_85_



(a)

1.254
1.00

0.75

Hardness (GPa)
HH

0.50 - i

0 1 2 3 4 5 6 7
Si precusor (molar ratio)
0.5

z

—=—7T8-2-0.2
——7ZTS-2-0.5
044 . 77521
——ZTS8-2-3
——7TS-2-4

0.3

0.2 4

Load (mN)

0.1

00 FE ; . , .
0 20 40 60 80 100 120

Displacement Into Surface (nm)

Fig. 6. (a) Hardness and (b) Load of 100 nm
detph of hybrid coating films with
various molar ratios of Si precursors.

Si AT B vlge] mE 7Y ekl BE
L Si @A ulge] FAstebE ZT5-2-1614
114 GPad] At Amrt 249 & S A7AY
2 vgo] FN4E At gaHg. EF
100 nme] ) Zolel i 55 (Load e =

A A A= HRRt BEFE HIe
ZTS-2-19 4 skgol 7P =2 # (037
mN)& H(Fig. 6) W2 24H|9] Si 74
S ERR 3" Hre] B FEeE ¥l &
e BHO ol Hof W ArF Hel Zow
s kel Si dFAE =St 29 gt
o] A9 2353 ZrO¥} TiO, o] Rot 73
Z7F HolAlE Aor 4 4 gl

tEFY I58 ZrO,/TiO,/Organosilane 34 A+ 7

4. 2 B

b
re
27

I4e Be) shadelee] Ew
A7Ae] B Hge] B 79
2P Slo) TR 2 ulee] sl
9 g9 Azstn PAEE 5 A
-4 wgom wube Az

A8 "k Zr ALAel Ti
40

A

L

> T
At ‘njl};
o o

I,

it |

O:

S 1o, R M
o O,

U 1o

T

o |z n
O

N 2o [z lo ool
o
o

OZi-L-] BN

=
2

Ao}, ZTS-2 (ZnP:TiP=2:4)&
Si Al Hl&S WStAA Z
53 A2 349 -4
g5to] dhahe A zstlct. XPSE 4
1 Ao o] FUKgl wher =2
Zr 948t Ti Y49 g-aaFo] gAst
i Aol Z-gr)e o3t C P49 Si ¢
shaero] S7hEe #Ed & et g
FT-IR 24 Az S AxH Z7to) wet
Si-O-Si A} Si-O-Ti AFo] Z7}stHA
Zr-0-C A Ti-O-Zr ZAgte] fasdhe &
AE Bt ol Fuhge] s ZrO,¢t TiO,
7F MAASH antxoz ZdHolE AgS At
IS 4 Ut o] HES 2% 975 %
ol EYEE 7IA1 93 st IH
dtabo] Ax = BE g diahEdA] 9Holgol
A9 A= YeRfa, e <l
AE Az 7ZTS-2-1 ME9 A&

Zof Fx9} 100 nm &Y Zolof tigt 0.37 mN
o] S5 HIrh o] AFE Fol AL A<
-4 §g T stolEy= =

2
b e

A

rh

tu |o
E
.
i

o N
o ox

of
)
o

=

£ o

s o
~ -
v g

1o

o
o

kI B 3@ oft 9 (% rlo

E] Blatoe 0o

o B B T
2o Aol o2 7w Fx ol o
g &8 A7 Fast Ad A7t 2 Aotk

aAtel 2

o] At 20179: AR (FE|EHETA
o] Aoz AT Y-S grof 4=
= el (NRF-2017R1C1B5014870).

References
1. M. Nogami, “Glass preparation of the

Zr0,-SiO, system by the sol-gel process
from metal alkoxides”, [ Non—Cryst.

_86_



10.

. J. Liu, H. Yan, K. Jiang,

Solids Vol.69, No.2, pp. 415-423, (1985).
T. Van Gestel, C. Vandecasteele, A.
Buekenhoudt, C. Dotremont, J. Luyten, R.
Leysen, B. Van der Bruggen, G. Maes,
“Alumina and titania multilayer membranes
for nanofiltration: preparation,
characterization and chemical stability”, /.
Membr. Sci. Vol.207, No.1, pp. 73-89,
(2002).

. J. B. Wachtman, W. R. Cannon, M. ]J.

Matthewson,  Mechanical ~ properties  of
ceramics. John Wiley & Sons, (2009).
G. Gulleri, “Theoretical

evaluation of zirconia and hafnia as gate

V. Fiorentini,

oxides for Si microelectronics, Phys. Rev.
Lett. Vol.89, No.26, pp. 266101, (2002).
H. Sato, K. Yamada, G. Pezzotti, M.
Nawa, S. Ban, “Mechanical properties of
dental changed with
sandblasting and heat treatment”, Dent.
Mate. ] Vol.27, No.3, pp. 408-414,
(2008).

zirconia ceramics

. J.-Y. Hwang, H.-S. Hahm, “Preparation

of CuO-CeO, mixed oxide catalyst by
sol-gel method and its application to
preferential oxidation of CO”, /. Korean
Oil  Chem. Soc. Vol.34, No.4, pp.
883-891, (2017).

“Mechanical
properties of graphene platelet-reinforced
alumina ceramic composites”, Ceram. Int.
Vol.39, No.6, pp. 6215-6221, (2013).

. S. C. Pillai, P. Periyat, R. George, D. E.

McCormack, M. K. Seery, H. Hayden, ]J.
Colreavy, D. Corr, S. J. Hinder, “Synthesis
of high—temperature stable anatase TiO,
photocatalyst”, J Phys. Chem. C Vol.111,
No.4, pp. 1605-1611, (2007).

. M. S. Lee, N. J. Jo, “Abrasion-resistance

and Optical Properties of Sol-Gel Derived
Organic-Inorganic Hybrid Coatings”, /.
Korean Ind. Eng. Chem. Vol.12, No.6, pp.
643-648, (2001).

X. Cao, R. Vassen, D. Stoever, “Ceramic
materials for thermal barrier coatings”, /.
Eur. Ceram. Soc. Vol.24, No.1, pp. 1-10,

11.

12.

13.

14.

15.

16.

17.

18.

_87_

Journal of Oil & Applied Science

(2004).

E. J. Go, S. H. Kim, “Synthesis of
ITO(ndium Titanium Oxide) particle by
sol-gel and investigation on light
transmittance of deposited ITO thin film”,

J. Korean Oil Chem. Soc. Vol.34, No.4,
pp. 705-716, (2017).
F. Takashi, M. Hiroyuki, “Electronic

Properties of the Interface between Si and
TiO, Deposited at Very
Temperatures”, Jpn. J. Appl Phys. Vol.25,
No.9R, pp. 1288, (1986).

B. T. Luong, J.-W. Oh, J. Choi, N. Kim,
‘A Simple Method for Fabricating a
Mach—Zehnder Type Waveguide Using Sol
-Gel Derived Photopatternable  Hybrid
Materials for Optical Biosensors”, /.
Nanosci, Nanotechnol. Vol.11, No.5, pp.
4546-4550, (2011).

W.-S. Kim, K. B. Yoon, B.-S. Bae,
“Nanopatterning of photonic crystals with
a  photocurable  silica-titania

Low

organic—
inorganic hybrid material by a UV-based
nanoimprint technique”, [/ Mater. Chem.
Vol.15, No.42, pp. 4535-4539, (2005).

D. Macwan, P. N. Dave, S. Chaturvedi,
‘A review on nano-TiO, sol-gel type
syntheses and its applications”, J. Mater.
Sci,  Vol.46, No.11, pp. 3669-3686,
(2011).

J. Gilberts, A. H. A. Tinnemans, M. P.
Hogerheide, T. P. M. Koster,, “UV
Curable Hard Transparent Hybrid Coating
Materials on Polycarbonate Prepared by

the Sol-Gel Method”, [ Sol-Gel Sci.
Technol Vol.11, No.2, pp. 153-159,
(1998).

M. E. L. Wouters, D. P. Wolfs, M. C.
van der Linde, J. H. P. Hovens and A. H.
A. Tinnemans, “Transparent UV curable
antistatic hybrid coatings on polycarbonate
prepared by the sol-gel method”, Prog.
Org. Coat. Vol.51, No.4, pp. 312-319,
(2004).

Y. Gao, Y. Masuda,
“Light—Excited

K. Koumoto,
Superhydrophilicity ~ of



Vol. 35, No. 1 (2018) A& &-A ¥& 0|83t &Y st=38" LEE ZrOy/TiOy/Organosilane A A4 9

Amorphous TiO2 Thin Films Deposited in
an  Aqueous Peroxotitanate  Solution”,
Langmuir Vol.20, No.8, pp. 3188-3194,
(2004).

19. Y. Castro, M. Aparicio, R. Moreno, A.
Duran, “Silica=Zirconia Sol-Gel Coatings
Obtained by Different Synthesis Routes”, /.
Sol-Gel Sci.  Technol Vol.35, No.l, pp.
41-50, (2005).

_88_



