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Abstract When a reactive additive, malononitrile(MN) was introduced to the system of diglycidyl ether
of bisphenol A(DGEBA)/4, 4 -methylene dianiline(MDA), the impact resistance highly improved but
reaction rate decreased. Because the hydroxyl group resulted from the cleavage of epoxy ring is acted as
a catalyst for the cleavage of another epoxy ring, the cure reaction of epoxy resin has been known as an
autocatalytic reaction. And the hydroxyl group from the exterior is also acted as a catalyst. In this
study, hydroquinone(HQ) which has two hydroxyl group was introduced to DGEBA/MDA,/MN system
for increment of the cure rate and also the cure characteristics and thermal stability were studied. With
the addition of HQ, activation energy decreased, rate constant increased and reaction starting tempera-
ture decreased. From these results, it was found that HQ was acted as an accelerator.

M = 2y elel A wus AP denity, )

A7HE AP RE AEA £ A4S
AAske Wz st Astale AAsAG
ALD £2F o4 AstAE Tgsis ¥

AFA FAE AR, HFEA, WD
71" 4ol $58EE F2E, HAA,

AdAg BAA R 23EA SO de
4931 e’ OB 259 9y Box
dAe Aoz was de $5% 44
& RF3 e 2 ol EA] fAel A
707t B ARAE Hrbste] AnAR
H4N7 AR NE FE St dge
= 8 BAAY] A 9 23 slew
HR2 AR BRARAA HEH2E 4
29 W Y 247 5o 2AA 24D o
A oleiwt TAME AAs7] Y A7)

LU 1)

M0, wh A AT =, Qb Az
s FAl Aol A5 71, F71 FAA
5o £¢ ol Yrk

w2 E A¥ o F4] 2] DGEBASH o}
RA AstAl MDASHS 7Astugol we 4 3
ZEAMNS =311zl e 24 DGEBA/MDA #
7 ASEE F we AnARs) JPoE A
S 24 B A Herge AAT 2
St Aol Rustdcht. aed, WA=
"ol 4 A3 R MNo| of F4171sk ofrl]el

— 606 —



Alala} - 7142 DGEBA/MDA/MN/HQA ¢ ZAghubgat 94 4 607

uhg-o whego 2 Asuks £ 55 A4
7|4 €t} DGEBA/MDAA ¢ 7 stub-g o7}

Zo) o)l o E A7)} o}rlr|7} ub-&-alod
FmZ2 A 7|5 YAt o] F=EAI7|7} 2}&
2 zgse] Asubg £x2§ F453) FUt
A7) Ao 7 e ok wapa], B AP
ol 1= DGEBA/MDA/MN# 9] 7 spubs- 4

2 Z74]7]7) ¢le FEBAE 27 =
gtz s AEA F71E8<d HQE =35t4d
o, olAle] s A A A B
gt 2 aslolct.

24 #H

2—1. AEHXE
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Table 1. Properties of Materials

~ MW* EEW** mp(°C) viscosity(25C)
DGEBA| 368 184 - 11,000-14,0600cP

MDA | 198 - 89 solid
MN 166.06 - 32 solid
HQ 1011 - 172 solid

MW* : molecular weight,
EEW** : epoxide equivalent weight
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Table 2. Peak Temperatures of DGEBA/MDA, DGEBA/MDA/MN and DGEBA/MDA/MN/HQ

Systmes
W T T 30
System — \ |
DGEBA/MDA (30phr) 142.4 ‘ 1590 | 1813 195.4
DGEBA/MDA/MN(30/5phr) 142.9 1595 181.6 1974
DGEBA/MDA/MN/HQ(30/5/1.25phr) 127.2 ‘ 1446 163.3 e 178.8

Table 3. Kinetic Parameters of DGEBA/MDA, DGEBA/MDA/MN and DGEBA/MDA/MN/HQ

Systems
— Parameter ‘ - .
— Ea(kcal/mol) K(sec™') at 25°C
System T i |
DGEBA/MDA((30phr) 10.62 1.634x10°°
DGEBA/MDA/MN(30/5phr) 11.23 1.315x107°
DGEBA/MDA/MN/HQ(30/5/1.25phr) 10.84 | 2709 x10°°

Table 4. Decomposition Temperatures of DGEBA/MDA, DGEBA/MDA/MN and DGEBA/MDA/

MN/HQ Systems.
Heating rate(°C/min) 5 10 %0 30
System
DGEBA/MDA (30phr) 360.9 3714 381.5 389.5
DGEBA/MDA/MN(30/5phr) 358.1 367.7 381.0 387.8
DGEBA/MDA/MN/HQ(30/5/1.25phr) 353.7 365.0 380.9 384.0
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Fig. 1. Peak temperatures of DGEBA/MDA/MN/HQ
system with different contents(MN : HQ=4 : 1) at 5C
/min.
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Fig. 2. Decomposition temperature of DGEBA/MDA/
MN/HQ system with different contents ratio at 10°C/
min.
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Fig. 3. Decomposition temperatures of DGEBA/MDA/
\/HQ system with different heating rates. MN/HQ :
(0 5/1.25, @10/25, 7 15:3.75, ¥ 20/5phr
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Fig. 4. Decomposition temperatures of DGEBA,/MDA/
MN/HQ system with samples cured at 80°C by 30°C/
min.
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Fig. 5. Heat deflection temperature of DGEBA/MDA/
MN/HQ system cured at 150°C for lhr after curing at
80°C for 1.5hr.
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