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Abstract: The purpose of this study is to investigate acrylic oligomer with excellent flexibility which can be used as a
photocurable crosslinking agent. In this study, the acrylate oligomer with the epoxy group was synthesized by free radical
polymerization of butyl acrylate (BA) and glycidyl methacrylate (GMA) as reactants. Also, the acryl-modified oligomer
with hydroxyl group was synthesized by the reaction of acrylic acid with the epoxy-containing oligomer. Various acryl-
modified acrylate oligomers were prepared by changing the concentration of GMA and employing different acrylate
monomers such as hexyl acrylate and octyl acrylate with different chain lengths. Photo-cured films were prepared from
the synthesized acryl-modified oligomers, reactive diluents, and photoinitiator. And the corresponding curing degree, ther-
mal properties and mechanical properties of the cured film were investigated.

Keywords: photo-curable resin, acryl-modified oligomer, crosslinking agent, butyl acrylate, glycidyl methacrylate.
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Scheme 1. Synthetic scheme of poly(BA-co-GMA), poly(HA-co-
GMA) and poly(OA-co-GMA).
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Scheme 2. Synthetic scheme of acryl-modified acrylate oligomers.
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Table 1. Composition of Photo-curable Resin Containing Synthesized Acrylic Oligomer and DPHA

Composition (wt%) TPO
Sample
HDDA  TPGDA DPHA  BA95/5 BA90/10  BAS85/15 HA85/15  OAS85/15 (Wt%)
Base resin (BR) 65.67 32.33 - - - - - - 2
BR+DPHA 46.67 2333 28 - - - - - 2
BR+BA95/5 46.67 2333 - 28 - - - - 2
BR+BA90/10 46.67 2333 - - 28 - - 2
BR+BAS85/15 46.67 2333 - - - 28 - - 2
BR+HA85/15 46.67 2333 - - - - 28 - 2
BR+OA85/15 46.67 2333 - - - - - 28 2
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Table 2. Viscosity, Molecular Weight and PDI Results of
Synthesized Acryl-modified Oligomers

Viscosity
Sample (cPs/25 °C) M, M, PDI
BA95/5 752 1374 1835 1.41
BA90/10 905 1368 1824 1.38
BA85/15 1250 1323 1797 1.42
HAS85/15 925 1372 1849 1.34
0A85/15 702 1357 1782 1.27
0 e T T : T T
Poly(BA-co-GMA)
BA 85/15
a4
< |
E
S
% R i |
2l = = Y
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a 5 10 15 20 25 30
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Figure 1. GPC traces of poly(BA-co-GMA) and its corresponding
acryl-modified BA oligomer.
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Figure 2. FTIR spectra of GMA, poly(BA-co-GMA) and BA85/15.
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Figure 3. FTIR spectra of synthesized acryl-modified oligomers
with different GMA contents.
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Figure 4. '"H NMR spectra of synthesized poly(BA-co-GMA) and
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Figure 5. 'H NMR spectra of synthesized acryl-modified poly(HA-
co-GMA) and acryl-modified poly(OA-co-GMA).

Table 3. The Mole Percentages of BA/HA/OA and GMA in
Feed and in Copolymer

BA/HA/OA (mol%) GMA (mol%)

Sample In In In In
feed copolymer feed copolymer
BA95/5 95 95.64 5 4.36
BA90/10 90 90.76 10 9.24
BAS8S/15 85 85.15 15 14.85
HAB5/15 85 85.23 15 14.77
OAB5/15 85 85.25 15 14.75
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Figure 6. The gel percentage of photo-cured films based on syn-
thesized acryl-modified oligomers with different UV exposure time.
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Table 4. The Glass Transition Temperature Results of Photo- 0.5
cured Films Which Contained Various Synthesized Acryl- BR
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Figure 9. Stress-strain curves of photo-cured films which contained
various synthesized BA oligomers.
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Table 5. Mechanical Properties of Photo-cured Film Which Contained Synthesized Acryl-modified Oligomers (30 wt%)

Base resin +DPHA +BA 95/5  +BA 90/10  +BA 85/15  +HA 85/15  +OA 85/15
Tesile strength (MPa) ~ 10.15£0.75  12.8840.91  12.5330.52  14.01%0.78  16.86+0.69  20.43:0.87  23.68+0.58
Elogation at break (%) ~ 51.91£2.54  49.46+2.67 62974326  6591+2.80  73.44+355  87.134+245  99.38:2.12
Young’s modulus (MPa) ~ 24.59+135  31.69+1.89  32.51£1.87  33.7242.01  35.16+1.67 3693155  38.49+1.28
Shore A Hardness 7551171 83.2242.97  78.13+1.29 8026199  8345:258 8221287  80.62+2.56
N = E WA (BA, HA, OA)%t GMAE ©] 8819 free-radical
+30% DPHA polymerizationg &3 GMA o] the 552 oFA] o
0| +20% R algomer ShAgOlE g2l FHAAS, 7 F FYH 2elw
o +30% OA oligomer HE AAY} WHSSl] olad WA olaEdolE L IHE
g 22k GBI, 712 B8 SAsh wgslel UV Ag
2 o|-83l F7s} Al S A=A ©]F gel contents: Fg
Z et 24, 94 54 3 71AA SA4S 245 T
of=d WA &E|amrt 378 Ao 240l vAlE dF
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Figure 10. Stress-strain curves of photo-cured films which con-
tained various synthesized BA85/15, HA85/15, OAS85/15, and
DPHA.
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