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Abstract: Dual curing systems of acrylates with thermo- and photo-reactions were studied to understand the effect of cur-
ing sequence on the curing reaction kinetics. A combined curing system that photochemical reaction with UV light fol-
lowed by thermal cure was applied to acrylate monomer mixtures such as isocyanatoethyl acrylate (ICEA) and 2-
hydroxyethyl methacrylate (HEMA). In such case, the polymer chain was formed by the first photo-curing and, then the
functional groups participating in the urethane reaction were bound to the polymer chain, so that the urethane reaction
by the thermal curing should be carried out at a higher temperature and the conversion rate was low. On the other hand,
in the case of a dual curing process in which the photo-curing proceeded after the thermal curing, the urethane acrylate mono-
mer was first formed by the thermal reaction, and then the faster photo-reaction proceeded at both ends of the monomer.

Keywords: acrylate, photo-curing, thermal curing, curing sequence, curing kinetics.
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Figure 1. Chemical structure of acrylate monomers.
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Figure 2. Photo-DSC curves of acrylate monomers.
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Figure 3. Time-resolved FTIR spectra of a mixture of BA and
HEMA during UV exposure.
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Figure 4. Acrylate conversion rate of BA and HEMA monomers
with UV exposure time.
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Figure 5. Photo-DSC curves of mixtures of BA and HEMA mono-
mers.
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Figure 6. Schematic diagram of dual curing reactions.
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Figure 7. DSC curves of thermal-curing of the acrylate monomer
mixtures with (a) HEMA; (b) HPA after photo-cure.

aFE Fs-S WaYs =k

12} o}= o] EL] UV 73t & A& ol Folal= ICEA
9] o]&AJohd|o] E9} HEMAS] & Ate] S-dgt Guhg-2
=793k Figure 79| DSC 235 HH, 110 °CollA] ¥hg F]=
7t UeE A B k. €S 7Is Azl 2% ICEA
o} HEMA Afolol] &gt 50| =™ AR 7lart #
5o A3} A e ckFigure 6 %), o9} 72 B33}
(BA 90%, ICEA 5%, HEMA 5%) A 894l HEMAS HPA
2 v DSCe] ERkg- =71 20°C B E2 130°CE ©]
ssh=dl, ole dellr] AHEII S HEMAS|= -CH; 25°]
ola 0| EL] o|F AT £l 913, HPAE -CH; 15|
gukgo] MPEl= Gl o] o] LFF o]aAoR|o|E
Ale] e 1S YAF o= Welalr] witoltt. & HEMA
= 12} €, HPAE 23} ¢=o|22 ICEASL] S-#le vk
2 12 EFolA o G4A dojubr] wiiolt).

Figure 70X 373315 218)sk E733HBA 90%, ICEA
5%, HEMA 5%) A 5E5 thA] €738 o DSC A844=
Ho|=t], Figure 841 B7sh= 8] %3l €8 7138t
Sk vhenk W7 ske Wy w) A= Figure 79 &
78} Ao} vlwste] RejEnh 13 BAEE 3 & 27
slet B33} Aol visle] AlEE @i S A
ol DSCe] f-elet vkg T A7} AR, o] e 2L oA
Hg-o] AlZFET, o] Al UVE WA ZAFSHH (Figure 6
Zzx) oA ol E WS Alo] FA 3} 2sle] AREol
PAE ], S kgl FI ICEAS] o]aAlol|o|E
o} HEMA®] & 2FE0] Al&ol Fof o] A= v vt
35 ] oH A 7] wlEeln), SR, Bt flo] &
S 78l ©e Ak 3 Agolls FolUA Pol M) v
2 A AdefollA ko] FaE|o] o]inopdlo| B} U
g0 AEA 228U & e A el ukgo] %




Heat flow (W/g)

40 60 80 100 120 140 160 180
Temperature (°C)

Figure 8. DSC curves of the acrylate monomer mixture of
BA:ICEA:HEMA (90:5:5): (a) with thermal curing only; (b) with
thermal curing after photo-cure.
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Figure 9. FTIR spectra of the acrylate monomer mixture of
BA:ICEA:HEMA (90:5:5): (a) before curing; (b) photo-curing only;
(c) thermal curing after photo-cure; (d) thermal curing only; (e)
photo-curing after thermal cure.
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Figure 10. Photo-DSC curves of the acrylate monomer mixture of
BA:ICEA:HEMA (90:5:5): (a) with photo-curing only; (b) photo-
curing after thermal cure.
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