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Abstract: The intermediate, which can initiate photo-polymerization and has terminal hydroxyl groups to react with iso-
cyanate groups to prepare polyurethane, was synthesized by Michael addition reaction. The polyurethane (PU) pre-
polymer containing this intermediate was end-capped with pentaerythritoltriacrylate to prepare poly(urethane acrylate)
(PUA) oligomer which was self-curable without any additional photo-initiator. The PUA cured by ultraviolet irradiation
has a single glass transition temperature. This temperature and rubbery plateau modulus were increased as the molecular
weight of the PU prepolymer decreased and thus the crosslinking density of the cured PUA was increased. The cured
PUAs had a balanced tensile property, exhibiting high tensile strength as well as high elongation at break, when the
molecular weights of the PU prepolymers were 5000 or 10000. The cured PUA film was transparent and yellowing-resis-
tant. The gloss and hardness at surface, and solvent resistance were enhanced as the crosslinking density of the cured PUA
increased.

Keywords: poly(urethane acrylate), UV-curable, mechanical properties, physical properties.
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Ak, ofld olAEolM|H| o] E(ethyl acetoacetate, EAA), 2-
slo| =2 A = 2 Folm P gl o] E(2-hydroxypropyl acrylate, 2-
HPA), 8|3l o]&XE t]o]iA]ob| o] E(isophorone diiso-
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Alarb-dEg X)) FE AAE 8l ] 4 A EAE
oL 2407 733 - ARG

OH7|E thl| 2= S| &Y. o1& gkl zte
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Scheme 1. Reaction scheme to prepare UV-curable PUA oligomer.

Table 1. Recipe to Prepare PUA Oligomer

Amount (mol)
OH-terminated

Sample M

PTMG intermediate IPDI PETA
PUA-03 3000 0.07428 0.05128 0.19221 0.06665
PUA-05 5000 0.11050 0.05128 0.19035 0.02857
PUA-10 10000 0.11864 0.05128 0.18992 0.02000

“Theoretical molecular weight of PUA oligomer before UV cure.
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0] 4225 (R,CHOH, ~4.9, ~3.5 ppm, 2H), 9| =B 2] ¢4
(RCO,CH,R!, 4.1~3.7 ppm, 5H) 2 =t EA4o] 4245 (RCH;,
~1.0ppm, 9H) 5= &R1E < St} T3 Figure 2(b)ll e}
A OH71E Ttel| zh= F7H12] BC NMROM= 1712 A
(=200 ppm)t 37H9] o2 (~170 ppm) B 1L A &
29 7hRd g 2] ©h2(70~60 ppm) 52 Bl 4= 9l
th o] NMR Z3} A wlo]E Fr7Hkge] &3] OH7E
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Figure 1. FTIR spectra of 2-HPA, EAA, and OH-terminated inter-
mediate.
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Figure 4. FTIR spectra of PUA oligomers reacted with PETA at (a)
initial; (b) middle; (c) final stages of reaction.
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Table 2. Physical Properties of UV-Cured PUA Films

Gel content Pencil Gloss Solvent
Sample Tack Transparency %) hardness® 0 50 20° resistance’ AE®
PUA-03 Free 99.1 B 82.3 98.6 96.6 Good 1]
PUA-05 Free 98.6 2B 78.2 98.1 95.2 Bad 1]
PUA-10 Free 96.5 4B 74.8 92.0 95.1 Bad 1]

“ASTM D 523. *ASTM D 3363. ‘AE=(AL*+Aa*+Ab?*)'?, AL: Luminosity, Aa: Red-Green, Ab: Yellow-Blue.
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Figure 6. (a) Dynamic mechanical thermal properties; (b) 7, vs. 1/
M, plot of UV-cured PUAs.
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Figure 10. Toluene absorptivity of UV-cured PUA films.
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