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Abstract: In order to develop the durable laminated glass filled with UV-curing resin, the four types of carboxylic ester
acrylate were synthesized by the reaction between anhydride (PA, SA) and acrylate containing hydroxyl group (HEA,
HEMA). The specific gravity, refractive index, and T, of synthesized carboxylic ester acrylates and UV-curing base resins
were characterized. The laminated glass specimens filled with photocurable resin containing carboxylic ester acrylate
showed higher adhesive strength, light resistance, thermal stability, impact resistance than those of specimen composed
of acrylic acid and 2-ethylhexyl acrylate. Especially, the UV-MCEA specimen prepared with mixed carboxylic ester acry-
lates exhibited excellent adhesive strength and durability.
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Figure 1. Synthesis of carboxylic ester acrylate: (a) PA-HEA; (b)
PA-HEMA; (c) SA-HEA; (d) SA-HEMA.
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Sample Composition
UV-PA-HEA PA-HEA, butyl acrylate, Darocur 1173, Airex 922
UV-PA-HEMA PA-HEMA, butyl acrylate, Darocur 1173, Airex 922
UV-SA-HEA SA-HEA, butyl acrylate, Darocur 1173, Airex 922
UV-SA-HEMA SA-HEMA, butyl acrylate, Darocur 1173, Airex 922
UV-Monomer Acrylic acid, 2-ethylhexyl acrylate, butyl acrylate, Darocur 1173, Airex 922
UV-MCEA MCEA(mixed carboxylic ester acrylates), butyl acrylate, Darocur 1173, Airex 922
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Figure 2. (a) FTIR spectrum of PA-HEA and PA-HEMA after 6 h
reaction; (b) FTIR spectrum of PA-HEA, PA-HEMA, SA-HEA, and
SA-HEMA after 10 h reaction.
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Table 2. Characterization of Carboxylic Ester Acrylate and UV-Curing Base Resin

Viscosity (cps)

Specific gravity of Refractive index

No. Sample .
Carboxylic ester acrylate Base resin resin Carboxylic ester acrylate Base resin
1 PA-HEA 2200 4 1.030 1.5296 1.4615
2 PA-HEMA 3200 5 1.035 1.5214 1.4597
3 SA-HEA 150 3 1.021 1.4635 1.4402
4 SA-HEMA 200 3 1.023 1.4628 1.4399
5 Monomer - 3 0.915 - 1.4345
6 MCEA - 5 1.004 - 1.4467
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Table 3. Glass Transition Temperature of Carboxylic Ester
Acrylate and UV-Cured Resin

Sample T (9)
Onset Midpoint

PA-HEA -42.76 -39.84
PA-HEMA -43.75 -40.73
SA-HEA -64.40 -61.30
SA-HEMA -64.10 -61.10
UV-PA-HEA -17.09 -8.69

UV-PA-HEMA -15.73 8.37
UV-SA-HEA -39.56 -12.97
UV-SA-HEMA -46.67 -27.88
UV-MCEA -19.51 -9.32
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Figure 5. Peel strength of UV-cured resin (n=5).
Table 4. Light Resistance Test of Laminated Glass Sample

Containing Carboxylic Ester Acrylate, and Mixed Carboxylic
Ester Acrylates

Reduction rate (%)

in visible Appearance
transmittance

UV-PA-HEA 0.466+0.15 No discoloration,
bubble and blur
UV-PA-HEMA 0.666+0.15 No discoloration,
bubble and blur
UV-SA-HEA 0.633+0.05 No discoloration,
bubble and blur
UV-SA-HEMA 0.233+0.23 No discoloration,
bubble and blur
UV-Monomer 0.500+0.10 No discoloration,
bubble and blur
UV-MCEA 0.666+0.11 No discoloration,

bubble and blur
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Table 5. Heat Resistance Test of Laminated Glass Sample
Containing Carboxylic Ester Acrylate, Monomer, and Mixed
Carboxylic Ester Acrylates
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Figure 6. Heat resistance test of laminated glass sample containing carboxylic ester acrylate, monomer, and mixed carboxylic ester acrylates:

(a) before heat resistance test; (b) after heat resistance test.
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Figure 7. Low-high temperature transition cycle test of laminated
glass sample.

Table 6. Falling Ball Impact Test of Laminated Glass Sample

Pass: o / Not pass: x

Sample (n=3) n 5 3
UV-PA-HEA X X X
UV-PA-HEMA o o o
UV-SA-HEA X X X
UV-SA-HEMA x x x
UV-Monomer o o X
UV-MCEA x x x
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Figure 8. Laminated glass samples after falling ball impact test.
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Figure 9. Storage stability test of UV curing base resin containing
carboxylic ester acrylate at 50 °C: (a) 8 days; (b) 16 days; (c) 24
days; (d) 32 days.
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