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Abstract — In this study, UV-curing type organic - inorganic hybrid hard coating solutions were prepared from alu-
mina sols and acrylate monomers. The mixture of alumina sols, prepared from aluminum isopropoxide, and a silane cou-
pling agent, methacryloxypropyl trimethoxysilane(MPTMS), was used as an inorganic component. Also, the mixture of
acrylate monomers, pentaerythritol triacrylate(PETA), 1,6-hexanediol diacrylate(HDDA) and dipentaerythritol hexaacrylate
(DPEHA), was used as an organic component. The organic-inorganic hybrid coating solutions were obtained by mixing
the inorganic component and organic component, deposited on polycarbonate substrates by spin coating and densified
by UV-curing. The effect of the amount of MPTMS in the inorganic component and the irradiation time during UV-cur-
ing was studied on the properties of coating films. As a result, when 0.20 mole of MPTMS was used, the pencil hardness of
coated films showed an excellent pencil hardness of 3H and also exhibited a good abrasion resistance of 2% in haze.

Key words: Methacryloxypropyl Trimethoxysilane, Alumina Sols, UV-curing, Organic-inorganic Hybrid, Acrylate Mono-
mers, Hard Coatings
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2-1. AlSf

2 Aol A= aluminum isopropoxide(98%, Aldrich), 3-methoxy-
propyl trimethoxysilane(MPTMS, 98%, Jason Commercial, Korea),
W §F&(99%, Samchun Chemical, Korea), HNO;(65%, Duksan
Chemaicl, Korea)= ©]-&3to] &Frv} & Alxstgich 3
pentaerythritol triacrylate(PETA, Miwon Commercial, Korea), 1,6-
hexanediol diacrylate(HDDA, Miwon Commercial, Korea), dipen-
taerythritol hexaacrylate(DPEHA, Miwon Commercial, Korea),
methylethyl ketone(MEK, 98%, Samchun Chemical, Korea), 1-hyd-
roxycyclohexyl phenyl ketone(IRG-184, Ciba Specialty Chemicals)
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Table 1. Pencil hardness and adhesion of hard coating films prepared with different amounts of MPTMS.

Inorganic Components

Organic Components

Properties of coating films

Sample code Addition amount  Alumina sol MPTMS PETA HDDA DPEHA
(2) (2) (mol) (2) (2) (2) Pencil hardness Adhesion

10 0 0 0 30 5 5 H 5B
110-M0.05 10 20 0.05 30 5 5 H 5B
120-M0.05 20 20 0.05 30 5 5 H 5B
130-M0.05 30 20 0.05 30 5 5 H 0B
140-M0.05 40 20 0.05 30 5 5 H 0B
150-M0.05 50 20 0.05 30 5 5 H 0B
110-M0.10 10 20 0.10 30 5 5 2H 5B
120-M0.10 20 20 0.10 30 5 5 3H 5B
130-M0.10 30 20 0.10 30 5 5 3H 5B
140-MO0.10 40 20 0.10 30 5 5 3H 5B
150-M0.10 50 20 0.10 30 5 5 3H 5B
110-M0.20 10 20 0.20 30 5 5 3H 5B
120-M0.20 20 20 0.20 30 5 5 3H 5B
130-M0.20 30 20 0.20 30 5 5 3H 5B
140-M0.20 40 20 0.20 30 5 5 3H 3B
150-M0.20 50 20 0.20 30 5 5 3H 3B
110-M0.30 10 20 0.30 30 5 5 3H 5B
120-M0.30 20 20 0.30 30 5 5 3H 5B
130-M0.30 30 20 0.30 30 5 5 3H 5B
140-M0.30 40 20 0.30 30 5 5 3H 0B
150-M0.30 50 20 0.30 30 5 5 3H 0B
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Fig. 1. Haze values of the coating films prepared with different amounts
of MPTMS after Taber abrasion test with a load of 500 g.
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Fig. 2. SEM images of surfaces of coating films prepared with dif-
ferent amounts of MPTMS. (a) 0.05 mole, (b) 0.10 mole, (c)
0.20 mole and (d) 0.30 mole.
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Fig. 3. UV-visible transmittance spectra and states of inorganic compo-
nents prepared with different amounts of water.

Table 2. Pencil hardness and adhesion of hard coating films prepared with different amounts of water

Inorganic Components

Organic Components

Properties of coating films

Sample code  Addition amount Aluminasol =~ MPTMS H,0 PETA HDDA DPEHA
(2) (2) (mol) (mol) (2) (2) (2) Pencil hardness ~ Adhesion
10 0 0 0 0 30 5 5 H 5B
130-HO 30 20 0.20 0 30 5 5 - -
130-HO.1 30 20 0.20 0.1 30 5 5 - -
130-H0.3 30 20 0.20 0.3 30 5 5 - -
130-H0.5 30 20 0.20 0.5 30 5 5 3H 5B
130-H0.7 30 20 0.20 0.7 30 5 5 3H 2B
130-H1.0 30 20 0.20 1.0 30 5 5 3H 0B
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Fig. 4. SEM images of surfaces of coating films prepared with different amounts of water. a) 0 mole, (b) 0.1 mole, (c) 0.3 mole, (d) 0.5 mole, (e) 0.7 mole
and (f) 1.0 mole.
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Fig. 5. SEM images of cross-sections of coating films prepared with different amounts of inorganic components. (a) 0 g, (b) 10 g, (c) 20 g, (d)
30 g, (e) 40 g and (f) S0 g.
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Fig. 7. Transmittance loss% of coating films as a function of the number cycles after Taber abrasion test with a load of (a) 500 g and (b) 1 kg.
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Fig. 8. SEM images of surfaces of (a) un-coated PC substrate, (b) 10 sample in Table 1 and (c) 110-M0.20 sample in Table 1 after Taber abra-

sion test with a load of 500 g.
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Fig. 9. SEM images of surfaces of (a) un-coated PC substrate, (b) 10 sample in Table 1 and (c) 110-M0.20 sample in Table 1 after Taber abra-
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Fig. 10. UV-visible transmittance spectra of coating films as a func-
tion of irradiation times of UV light after Taber abrasion test

of 100 cycle.

700
600 ™~ e I
300 Sec
500 d— -~ e -
S T 20 5
é ec
3 400 4+ — — -
5 LN ——— - — ™
£ 60 Sec
T o800 & e ]
“é 30 Sec
[—'L' 200 [
............ . 20 Sec
100
10 Sec
W
0~ ! 0 Sec
\V1635~ 1640cm-2, C=C bond
T

T T T T
2000 1800 1600 1400 1200 1000 800

Wavmumbet(cm‘l)

Fig. 11. FT-IR spectra of coating films as a function of irradiation
times of UV light.

Table 3. Pencil hardness and adhesion of coating films as a function of UV irradiation times

Irradiation time (sec) 0 10
Intensity of radiation (J/cm?) 0 0.92
Pencil hardness - H
Adhesion - 5B

20 30
1.76 251
2H 3H
5B 5B

60
5.00
3H

5B

120
10.55
3H
5B

300
24.35
3H
5B
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