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Abstract — The titania (TiO,) nanoparticles with a diameter 2?3 nm were synthesized by controlling hydrolysis of tita-
nium tetraisopropoxide (TTIP) in acid solution. Organic-inorganic hybrid coating solutions were prepared by reacting
the titania nanoparticles with 3-glycidoxypropyl trimethoxysilane (GPTMS) by the sol-gel method. The hard coating
films with high refractive index were obtained by curing thermally at 120 °C after spin-coating the coating solutions on
the polycarbonate (PC) sheets. The coating films showed high optical transparency of 90% in the visible range and
exhibited a pencil hardness of 2H. Also, the refractive index at 633 nm wavelength of coating films enhanced from
1.502 to 1.584 as the weight content of titania nanoparticles in the coating solutions increased from 4% to 25%.

Key words: Organic-Inorganic Hybrid Coating Solutions, Hard Coating Films, Titania Nanoparticles, 3-Glycidoxypropyl

Trimethoxysilane, High Refractive Index, Sol-Gel Method
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Table 1. Recipe for the coating solutions prepared with different amounts

of HNO;

Sample TTIP HNO, H,O GPTMS

No. (moles) (moles) (moles) (moles)
HNO1 0.10 0.01 10 0.04
HNO3 0.10 0.03 10 0.04
HNO5 0.10 0.05 10 0.04
HNOS8 0.10 0.08 10 0.04
HN10 0.10 0.10 10 0.04
HN12 0.10 0.12 10 0.04
HN15 0.10 0.15 10 0.04

Mixing(10 min)

[ Reaction(6 hr) ]

[ Replacement with alcohol ]

Fig. 1. Flow chart for preparation of hard coating films.
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Fig. 2. Particle size distributions of titania sols prepared with dif-
ferent HNO; content at 60 °C.
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Fig. 3. Particle size distributions of titania sols prepared with dif-
ferent HNO; content at 80 °C.
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Fig. 4. XRD patterns of titania sols prepared with different HNO;
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Fig. 7. Particle size distributions of titania sols prepared with differ-
ent reaction temperatures at HNO3/TTIP molar ratio of 0.05.
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Table 2. Properties of coating films prepared from coating solutions with different HNO; content at 80 °C

Sample No. State of coating solutions Solid content(%o) Pencil hardness Adhesion Refractive index (633 nm)
HNO5 Transparent and stable solution 4.8 2H 5B 1.549
HNO08 Transparent and stable solution 4.8 2H 5B 1.507
HNI12 Turbid and unstable solution 4.8 2H 5B 1.498
HNI15 Turbid and unstable solution 4.8 2H 5B 1.489
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Fig. 8. XRD patterns of titania sols prepared with different reaction
temperatures at HNO3/TTIP molar ratio of 0.05.
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Fig. 9. Refractive indexes of coating films prepared with different
reaction temperatures at HNO;/TTIP molar ratio of 0.05.
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Fig. 10. Transmittances of coating films prepared with different reac-
tion temperatures at HNO;/TTIP molar ratio of 0.05.

Table 3. Properties of coating films prepared from coating solutions with different reaction temperatures at 0.0S HNO;/TTIP molar ratio

Reaction temperature State of coating solutions Solid content(%o) Pencil hardness Adhesion Refractive index (633 nm)
60 °C Transparent and stable solution 4.8 2H 5B 1.526
70 °C Transparent and stable solution 4.8 2H 5B 1.543
80 °C Turbid and unstable solution 4.8 2H 5B 1.549
90 °C Turbid and unstable solution 4.8 2H 5B 1.546
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Fig. 12. TEM images of titania sols prepared with different reaction
times at HNO;/TTIP molar ratio of 0.05 and 80 °C. (a) 6 hr,
(b) 12 hr and (c) 24 hr.
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Fig. 13. XRD patterns of titania sols prepared with different reaction
times at HNO,/TTIP molar ratio of 0.05 and 80 °C.
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Table 4. Properties of coating films from coating solutions with different solid content obtained by replacing water with methanol

Solid content (%) State of coating solutions Pencil hardness Adhesion Refractive index (633 nm)
4 Transparent and stable solution 2H 5B 1.502
10 Transparent and stable solution 2H 5B 1.517
15 Transparent and stable solution 2H 5B 1.534
20 Transparent and stable solution 2H 5B 1.566
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Fig. 15. Refractive indexes of coating films from coating solutions
with different solid content after replacing water in titania
sols with ethanol.
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Table 5. Properties of coating films from coating solutions with different solid content obtained by replacing water with ethanol

Solid content (%) State of coating solutions Pencil hardness Adhesion Refractive index (633 nm)
4 Transparent and stable solution 2H 5B 1.502
20 Transparent and stable solution 2H 5B 1.534
25 Transparent and stable solution 2H 5B 1.584
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