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Abstract: The silane coupling agent, 3-(trimethoxysilyl)propyl methacrylate (y-MPTS), was grafted on the surface
of alumina nanoparticles. We used the surface modified nanoparticles in the hard coating layer for in-mold
decoration (IMD) foils and evaluated the coating properties such as hardness and anti-abrasion property. The
effects of electron beam (EB) irradiation on color layer and anchor layer of IMD foils were observed through the
difference in color and the cross-cut tape test, respectively. Also, cure kinetics as studied quantitatively under
various reaction temperatures by analysis of surface properties and Fourier transform infrared (FTIR) spectro-
scopy. From these results, we constructed database for the commercial exploitation of EB curing system.
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M = (6) color layer, (7) anchor layer III, (8) anchor layer IV, (9)

Al metalizing layer, (10) anchor layer V, (11) adhesive layer.
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Figure 1. Chemical structure of 3-(trimethoxysilyl)propyl methacry-
late (y-MPTS).
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Figure 2. FTIR spectra of y-MPTS: (a) before hydrolysis; (b) after
hydrolysis.
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Figure 3. Coupling reaction between hydrolyzed y-MPTS and alu-
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Figure 4. SEM micrographs of samples treated by (a) 0.2 wt%; (b)
0.3 wt%; (c) 0.5 wt%,; (d) 1.0 wt% silane concentration.
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Table 1. Variation of Pencil Hardness and Haze Values
with Silane Contents

Silane content (wt%) Pencil hardness Haze value
0 2H(3G/2NG) 1.04
0.1 2H(3G/2NG) 0.99
0.2 2H(4G/ING) 0.63
0.3 2H(4G/ING) 0.58
0.5 2H(4G/ING) 1.06
1.0 2H(1G/4ANG) 2.19

Table 2. Variation of Pencil Hardness and Haze Values
with Al Particle Contents

Content of Al particle

(phr) Pencil hardness Haze value
2.5 2H(4G/ING) 0.61

5 2H(4G/ING) 0.58

10 2H(2G/3NG) 0.84
20 2H(2G/3NG) 1.83
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Figure 5. Images of red and blue color films upon EB irradiation.
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Blue color
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300 44.43 54.62 26.89 0.77 42.63 -17.3 -44.6 0.62

EB dose Red color
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Figure 6. ASTM D3359 classification of adhesion test results.
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Figure 8. Change in FTIR spectra as a function of irradiation temper-
ature. (a) no irradiation (for comparison); (b) low temperature; (c)
room temperature; (d) high temperature.
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Table 5. Variation of Pencil Hardness and Haze Values
with Irradiation Temperature

Pencil hardness Haze value
(a) H(1G/4NG) 20.14
(b) 2H(4G/ING) 0.43
(©) 2H(5G/ONG) 0.18
(d) 2H(5G/ONG) 0.12
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