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Abstract: In this study, the caprolactone modified hydroxy acrylates (CHAs) were synthesized by ring—
opening reaction of caprolactone and 2—hydroxyethyl acrylate (2—HEA) as initiator. Also, the caprolactone
modified urethane acrylate (UA) oligomers were synthesized by condensation reaction of previously
synthesized CHAs, 2—hydroxyethyl acrylate (2—HEA) and hexamethylene diisocyanate trimer (HDT).
Using the hydroxy number of CHAs, the molecular weights of the CHAs were calculated easily and their
molecular weight was similar to the theoretical molecular weight of them. The viscosity of UA oligomers
decreased as increasing a content of CHA in the UA oligomer. Cure films were prepared from UA
oligomer, reactive diluents, and UV initiator to investigate their physical properties. The thermal
stability and color difference on high temperature for the cured film were improved as increasing the
crosslinking density. Their surface hardness was also increased as increasing crosslinking density of
the cured films, but their elongation at break was decreased.

Keywords: ¢—caprolactone, caprolactone modified hydroxy acrylate, caprolactone modified urethane
acrylate, UV —curing, ring—opening reaction.
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Figure 1. Synthetic scheme of caprolactone modified hydroxy
acrylate (CHA).
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Figure 2. Synthetic scheme of caprolactone modified urethane
acrylate (UA) oligomers.

Table 1. Mole Ratios and Loading Amount of 2-HEA/CHA-2 for
Synthesis of UA Oligomers

Entry no. Mole ratio of HDT

2—HEA/CHA—2 2-HEA - CHA=2

UA-1 0/1.2

UA-2 0.2/1.0
UA-3 0.6/0.6
UA—-4 0.8/0.4

158 ¢ -

171¢g 21g
204 ¢ 74 ¢g
226 ¢g 110¢g

34.2¢
30.8 g
221¢g
16.3 g
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Figure 3. '"H NMR spectrum of CHA.
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Figure 4. FTIR spectrum of CHA—-2.

Table 2. Physical Properties of CHAs and Their Calculated and
Theoretical Molecular Weights

Entry no. CHA-1 CHA-2 CHA-3 CHA-4 CHA-5
Appearance L. . .. Partially
25 ) Liquid  Liquid Crystal Crystal Crystal
Viscosity (cP/25 T) 35 80 155 - -
(cP/50 C) 14 28 52 68 96
OH-Value 252 171 122 102 86

Theoretical 230 344 458 572 686
OH-Value 223 328 438 550 652

My
NMR. 225 335 445 558 664
Integration
Theoretical 1 2 3 4 5
0 OH-Value  0.94 1.86 2.82 3.81 4.70
NMR. 0.97 1.92 2.89 3.88 4.81
Integration
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Table 3. Viscosity of UA Oligomers

Entry no. UA-1 UA-2 UA-3 UA—4
Viscosity (cP) 17700 37000 74500 112000
L0,
100 TF
g 80 é (a)§
g
£ 60 & |
2 1
S
R § [T
20 = 1o,
226;0
Wave No.(cm")
4000 3000 2000 1000

Wavenumbers(cm™)

Figure 5. FTIR spectra of UA—3 oligomer (I) and the change of
NCO characteristic peak (II) after reaction for (a) 1 h; (b) 2 h;
() 4 h.
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Table 4. Thermal Properties of Cured Film

Entry no. UA—-1 UA-2 UA-3 UA—4
7, (C) 17 25 52 86
70 (C) (5 wt%) 251 261 271 278
‘ (10 wt%) 328 342 369 375
10
8<
64
w
~
4
24
0 r T r T T T
0 20 40 60 80 100 120

Time(hr)

Figure 6. Yellowing indexes of cured film.
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Table 5. Pencil Hardness of Cured Film

UA-2
HB

UA-3
2H

Entry no. UA-1
Hardness B

100+

80+

60-

401

Elongation at break(%)

20+

0.00 16.7 50.0 66.7
2-HEA content in 2-HEA/CHA-2 mixture(%)

Figure 7. Elongation at break of cured film.
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