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Abstract — Inorganic-organic hybrid coating solutions were synthesized using titania sol from titanium isopropoxide
(TTIP) as an inorganic component and mixture of two or three types of silane coupling agents, such as methacryloxy-
propyl trimethoxysilane (MPTMS), aminopropyl triethoxysilane (APS), glycidoxypropyl trimethoxysilane (GPTMS)
and vinyltriethoxysilane (VTES) as an organic component. The hard coating films were obtained by spin-coating on the
polycarbonate sheets and curing the inorganic-organic hybrid coating solutions. The coating films made from the mix-
ture of two types of silane coupling agents showed poor pencil hardness and adhesion, while those from the mixture of three
types of silane coupling agents exhibited an improved pencil hardness of 2H?4H and adhesion of 5B. The refractive indexes of
coating films were increased from 1.56 to 1.63 at 550 nm by increasing the content of titania sols from 20 to 30 g.

Key words: Inorganic-organic Hybrid Coating Solutions, Hard Coating Films, Titania Sol, Silane Coupling Agent, High
Refractive Index
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Fig. 1. Photograph of titania sol.
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Fig. 2. Flow chart for preparation of hard coating solutions.
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Fig. 3. Particle size distribution of titania sol.
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Fig. 4. XRD Pattern of titania sol.

Table 1. Recipe for the coating solutions prepared with different molar
ratios of two types of silane coupling agents

Sample  Titania sol MPTMS APS GPTMS VTES

No. (2) (moles) (moles) (moles) (moles)
MA1 20 0.7 0.3 0 0
MG2 20 0.7 0 0.3 0
MV3 20 0.7 0 0 0.3
MA4 20 0.3 0.7 0 0
MGS5 20 0.3 0 0.7 0
MV6 20 0.3 0 0 0.7
3-2. 25 ARBHEZHNIE AR Al 28 12| =Y
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Table 2. The effect of the coating solutions prepared with different molar ratios of two types of silane coupling agents on the property of coating films

Sample No. State of coating solutions Solid content Pencil hardness Adhesion
MALI colorless and transparent solution 24.2% 2H 5B
MG2 yellow, transparent solution 27.1% 3H 0B
MV3 colorless and transparent solution 23.3% 3H 4B
MA4 White, turbid gel - - -
MG5 yellow, transparent solution 27.8% F 0B
MV6 colorless and transparent solution 18.9% 3H 3B
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Fig. 5. Transmittance of coating films prepared from solutions with
two types of silane coupling agents in Table 1.
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Fig. 6. SEM photomicrographs of the coating surface of polycar-
bonate sheets spin-coated with solutions in Table 1; (a) MA1
and (b) MV3.
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Table 3. Recipe for the coating solutions prepared with different molar
ratios of three types of silane coupling agents

Sample No. Titaniasol ~MPTMS APS VTES

(2) (moles) (moles) (moles)
MAV20-1 20 0.70 0.20 0.10
MAV20-2 20 0.70 0.10 0.20
MAV20-3 20 0.50 0.25 0.25
MAV20-4 20 0.40 0.40 0.20
MAV20-5 20 0.30 0.35 0.35
MAV30-1 30 0.50 0.25 0.25
MAV30-2 30 0.25 0.125 0.125

MAV30-3 30 0.125 0.0625 0.0625
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Table 4. The effect of the coating solutions prepared with different molar ratios of three types of silane coupling agents on the property of coating films

Sample No. State of coating solutions Solid content Pencil hardness Adhesion
MAV20-1 colorless and transparent solution 23.9% 4H 5B
MAV20-2 colorless and transparent solution 24.2% 3H 5B
MAV20-3 colorless and transparent solution 22.8% 2H 5B
MAV20-4 White, turbid gel - - -
MAV20-5 White, turbid gel - - -
MAV30-1 colorless and transparent solution 22.0% 3H 5B
MAV30-2 colorless and transparent solution 20.8% 3H 5B
MAV30-3 colorless and transparent solution 20.3% 4H 5B
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Fig. 7. Transmittance of coating films prepared from solutions with (a) 20 g of titania sol and (b) 30 g of titania sol in Table 3.
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Fig. 8. SEM photomicrographs of the coating surface of polycarbonate sheets spin-coated with solutions in Table 3; (a) MAV20-2, (b) MAV20-3,
(c) MAV30-1 and (d) MAV30-3.
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Fig. 9. Refractive indexes of coating films prepared from solutions in Table 1; (a) MAV20-3 and (b) MAV30-2.
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