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2 ok AYF o|ZA F3|Q glycerol diglycidyl ether (GDE)o| ©&sA o}= ¥ 4% 2-carbox-
yethyl acrylate (2-CEA) X+ 2-hydroxyethyl acrylate (2-HEA)S WFSA|A AW o ZA] ol olE
2 Azst¥th FT-IR, 'H-NMR, 183 "C-NMRE Ag3to] A ES 181, 82 prep-LC
E AHgSe] AATH AR B A9 A3 EL photo-DSCE A3, D743 WAL DSCE
AHgEEe] ARATh 2-CEAQ] WHE-Ado] 2-HEART €53 =25 ¢ 4 AU, 2-CEAZRE A=
A}E o ZA| oAU H | E(GEA-C)Y &2 <F 83%C|UTh FulE A AT GEA-C AHES] A9
A AT oF 10 s2 WEA JPHJTE GEA-CE T, YEA o] 581 AYES
Zka Q18-S BT & YAk AEE 251, AEE 192 cps, 5% @A W] L5 E 299°Co] %]
t}. KissingerSt Ozawa-Flynn-Wall 222 4L GEA-CY d73} ukg9] A3l A(E)= 91~92
kJ/mol©] AT}

Abstract: UV-curable aliphatic epoxy acrylates were prepared by the reaction of glycerol diglycidyl ether
(GDE) with 2-carboxyethyl acrylate (2-CEA) or 2-hydroxyethyl acrylate (2-HEA). The structures of the epoxy
acrylates were characterized by FT-IR, 'H-NMR, and "C-NMR and the yield was obtained by prep-LC. The
UV- and the thermal-curing behaviors of the product were investigated using photo-DSC and DSC, respec-
tively. The reactivity of 2-CEA was higher than 2-HEA and the yield of the product (GEA-C) which was
prepared using 2-CEA was about 83%. The maximum UV-curing time (7u) of the GEA-C contained non-re-
active components and by-product was about 10 seconds. The GEA-C showed low color difference (AE),
low viscosity, and good thermal stability - its value was 2.51, 192 cps, and 299°C (at 5% weight loss),
respectively. The activation energies (E,) of thermal-curing reaction calculated from Kissinger and Ozawa-
Flynn-Wall method were 91~92 kJ/mol.
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Scheme 1. Schematic description of the synthesis for epoxy
acrylates.

Table 1. Reaction Condition for the Preparation of Epoxy
Acrylates

Acrylate Epoxy Catalyst R. C!
2-CEA GDE TEA 60°C, 4 h
2-HEA GDE TEA 70°C, 3 h

? reaction condition
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£ f54 &1 tetrahydrofuran (THF)2 v]= Bur-
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Table 2. Formulation of UV-curable Epoxy Acrylates

Sample Epoxy acrylate Irgacure 651
GEA-C 100 part S part
GEA-H 100 part 5 part
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lamp (UV) ZAP&X]7} 228 TA instrumentsAFS] DSC
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Figure 1. FT-IR spectra of epoxy acrylates: (a) 2-CEA, (b)

2-HEA, (c) GDE, (d) GEA-H, (¢) GEA-C.
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Figure 3. "C-NMR spectrum of GEA-C.
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Figure 4. 'H-NMR spectrum of GEA-H.

1, 4 3Z10).

GEA-C 'H-NMR (ppm): 5.80~6.33 (m, 3H, -CH=
CH,), 4.13 & 431~4.41 (m, -CH,CHOHCH,O0OCCH,CH,-),
3.98 (m, 1H, -CH,CHOHCH,-), 3.55 & 3.70 (m, 4H,
-CH,OCH,-), 2.61~2.72 (m, 2H, -CH,COO-).

GEA-C "C-NMR (ppm): 173.63 (-CH,COO-), 165.99
(CH,=CHCOO-), 131.20 (CH,=CH-), 127.97 (CH,=CH-),
65.14~73.05 (-COOCH,CHOHCH,OCH,CHOH-), 59.83
(CH=CHCOOCH,-), 33.18 (CH;=CHCOOCH,CH>-).

3.2. OIZA| OIT220|EL| 3= &AM

FAAT o FA ofm™EEo|ES 2AEY &
kg 25 A5k A5k prep-LCE w8
E#3 51E(fraction [ ~V) EFHES A,
2] A3#}= Figure 59 YEFARATE GEA-CS GEA-HY

F{E ){E ){E

BHE 5 o] 71 =L fraction 19 EHES
5% O FT-IRE F3l 72EA4E AASAT.

GEA-C9] fraction [ 3} GEA-HQ| fraction [ 3 119
FT-IR &% ZAFE Figure 634 791 Z+2F YERATH
Figure 6914 3,421 cm'olA] & 22 hydroxy group,
2,919 cm'olA aliphatic C-H, 1,727 cm'ellA C=0,
1,635 e 1,618 cm'olA oA o] EL o]F A
g, 1,186, 1,122 em’'olA C-0-Co] EA ol=rt &
ZE At =3 3,421 em’ 9] hydroxyl groupS Figure 1
©] hydroxy group¥ HIw3-S of, FIE9 ""q]ﬂ Al
717F E7Fsk =), ©l= prep-LCZ E& 2 EH 3=
P oA Aol a2 T AoR -’d’%%q Prep-
LCE B3lA @& =53 A B3d A= A%
Al ol d# o] EL] &L Figure 5(a) prep-LCS] RI
ARZHEE oo 2 (1) Zo] EHEY HAHE
T F Joen, 1 ﬁﬁr oF 83%°] Ath.

T %) = 1/ 1+I++N+V] x 100 (1

HkA o] GEA-HQ] 74-%-, Figure 1(e)2] FT-IR éﬂra‘r
Hwd o 1(d)e HFS oladyolEY o|FAFS

FE w AH A10H 42, 2009



A4 Ao AE AEA ofmHeel=g] By

\E
“‘\\ [\

\ N \ / \
_J__l’/ \W/\/ TR = NI
< > P ¢——Pt—P> —>
| in m v Vv

(a)
i

(b)

Figure 5. Preparative-LC chromatogram of epoxy acrylates

divided into 5 fractions: (a) GEA-C, (b) GEA-H.
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Figure 6. FT-IR spectra of fraction | (GEA-C).
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Figure 7. FT-IR spectra of fraction I and Il (GEA-H).

Table 3. AE and Viscosity of Epoxy Acrylates

*

Sample Viscosity (at 25°C) AE
GEA-C 192 cps 2.51
GEA-H 162 cps 6.92
O  OCH,
Extinction
2
OCH,
Concentration of
1.5 IRGACURE 651
=01%
| —001%
! 00019
057
0

I0 20 20 X0 20 A 0 M0 I D 4D 420 40 40 40 D
Wavelength [nm]

Figure 8. Chemical structure and absorption specturm (% in

acetonitrile) of Irgacure 651[8].
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Table 4. Photo-DSC Results

Sample T (min) AH (g) 7,” (min)
GEA-C 0.17 2231 1.79
GEA-H 0.15 7.39 2.77

T, : ¥Hgo] A =23E wo ARt

60
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——— GEAH
50 |
0.10
sl 008 —— GEAH
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E 5 0.04
< 30} E
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E I‘i; 0.00
1 { -0.02
S 20f
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0 2 . s 5 )
Time (min)
o
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(b)
Figure 9. Photo-DSC results of epoxy acrylates:
flow vs. time (b) area vs. time.
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st AESIUY. F=3 MA A= 365 nmoll A
E7F 2 Irgacure 6515 AH8-3F% S ™, Figure 89| §]-§—}
A Fx F 2HEHDS e o2 RE o
SRl %ﬁog}ﬂ%% Figure 9°ﬂ, EXZLS Table 49 1}
EFH ST} Figure 9(a)<= Ao ME ZA3subg AEE
HoF= Ao = Ae39 79, GEA-CE °F 10 s
o A& 20%NA, GEA-H= 9F 9 sl AZE 13%
ol A/l AstEHA Hh-go] Al Y= glom, A
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Figure 10. DSC thermograms of epoxy acrylate cured with
1 wt% of benzoyl peroxide at different heating rates: (a)
5°C/min, (b) 10°C/min, (c¢) 15°C/min, (d) 20 °C/min.
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Figure 11. TGA thermogram of epoxy acrylate (GEA-C).
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Table 5. DSC Data for Thermal Curing of Epoxy Acrylate
(GEA-C)

X 3 AN
comn g 0w ey
5 364 161 275 1018 2926
10 372 230 2.69 953 2807
15 376 271 2.66 915  273.1
20 380 2.99 2.63 888 2766
10.4
10.2
10.0
9.8
g 96
_f': 9.4 4
9.2 1
9.0 1
8.8
8.6 T T T T T T
2.62 264 2.66 2.68 2.70 272 274 276
1T, X 10°

Figure 12. Plot for determination of E, using Kissinger
method.
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Figure 13. Plot for determination of E, using Ozawa-

Flynn-Wall method.

Table 6. Activation Energies Calculated from Kissinger and
Ozawa-Flynn-Wall Plots

Method E, (kJ/mol)

Kissinger 91.37

Ozawa-Flynn-Wall 92.53
-In(q/T°y) = EJR(/T,) — In(AR/E,) (4)
A7A q = dT/dtEA S £EF YEhdth oehi
FEA FAHOZHE FolaHe 25(T,)5 doH,
2l (HZ ol & In(q/T) vs. IT)S yxF 1HOE
A & JA HI 7|7 E2RE] A3 HAE,)
E 33 4 At} o= A9} FAsloR e

Figure 129} Table 69 242 YeR) AT

AR E 7T F Ue T HOE WHeEE
Ozawa-Flynn-Wall method[13,14]7} o™, T2 2
5= FHHA

In(g) = Const. — 1.05EJ/RT, )

21 (5)F o183 In(g) vs. (I/T)E yx=2 18o
2HE 7]&710 EA43) oAUAE 7 F Ut o=
o] Astel Aglo A FES Figure 13»} Table 6°l
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