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29 A2E LA MAMZA N-crotyl- N, N-dimethyl-4-methylanilinium hexafluoroan-
timonate (CMH) &xji7} diglycidylether of bisphenol A (DGEBA) o &4] %ol F4Ale] €
A, #E%d B4 9 44 oA E 4Pl diE sk DSCel el% DGEBA/CMH
gl 484 e, ¥ AdAE 943 2N $8 A4S Ad v J1T7UE BAE +
Aen, B35 RAAS] Ho] F71E4E CMHE B2 84 98] DGEBAS] #ghs 2 A3
Hhe &%) FrpElg). fEsE B2 deneE AM-Eld B2 2 8, AR B8 (G), &
A B4 & (G”) 28]1 damping factor (tan §) & 7§ ¥ ol dHlolH 2R A A& &4
st 4Y 29 A3 2= ¢ CMHe] Z7ld kg f4e] o]z Al o &F4] Gol L FHe
yaz2d 72 P44 988 viA g A7te] dREd ¢ 4 AUt Y VEHa 729
AL TGA #4& 5 B @43 oldal & 44 JA Tl FH oz ndsigich

ABSTRACT: The effect of novel N-crotyl- N, N-dimethyl-4-methylanilinium hexafluoroan-
timonate (CMH) curing agent as a thermal latent initiator on thermal behaviors, rheological
properties, and thermal stability of diglycidylether of bisphenol A (DGEBA) epoxy cationic
system was investigated. From DSC measurements of DGEBA/CMH system, it was shown
that this system exhibits an excellent thermal latent characteristic at a given temperature.
The conversion and conversion rate of DGEBA/CMH system increased with increasing the
concentration of initiator, due to high activity of CMH. Rheological properties of the system
were investigated under isothermal condition using a rheometer. The gelation time was ob-
tained from the analysis of storage modulus (G’), loss modulus (G”), and damping factor (tan
8). As a result, the reduction of gelation time was affected by high curing temperature and
concentration of CMH, resulting in high degree of network formation in cationic
polymerization, due to difference of activity. The thermal stability of the cured epoxy resin
was discussed in terms of the activation energy for decomposition and thermal factors deter-
mined from TGA measurements.

Keywords: thermal latent catalyst, epoxy resin, cationic polymerization, cure behavior, thermal
properties, rhedlogical properties.
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Figure 1. Chemical structures of DGEBA and CMH.
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Figure 2. Conversion of DGEBA initiated by CMH as
a function of temperature.
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Figure 8. Dynamic DSC thermograms of DGEBA/
CMH system.

8 DGEBAS9] 47|71 whgahd dolvie 84 9%
# ¥h$- (activated monomer mechanism, AM),!81°
a3 3A FlaTRE olFE dHz23 9E T
€ E + Y& Holth, ACEz AM wigh]&e] 4
A 7l e Yol Frldl thE G vlo
2J&3ls DGEBA AW 9 4417]19} tertiary oxo-
nium ion (ACE chain-end)2] whg-£& AMz} F3E
¥ Ale (terminated chain)& QAT Aeolrl. 2#
U A3 wgo] oAl AZEE WAYEL ¥ &
9] o EAlo|mrle} AiHog W Azl Wi
ACE vwigog H@drt £ HdYdA Alg"
DGEBAd| #4t7]7} &8t melA o]y @ F o)
FHEe] sHeAdel EAsA Hrt. ¥ A sl Al
Aol F &g a3zt Jeldes AL FAd £ 9
Aoz WP BYY 45 i3 rtede A
U+ complex behavior& Yele ZFAZ &
Ak oo} T2 T 7HA olde] W ARE
DGEBAZ%} diphenylliodonium. hexafluorcarsenate
Ao As AFE AANE Gu Tt A7 A}
hexafluoroantimonate & %38 1-(p-methoxy-
benzyl) tetrahydrothiophenium g9l <3} ¥
NEA A 5 71A] o] el A3l AFo] Lol s A
A% McGowen 59 a7 ZAuiel fAME 3g&
veldg & ¢ vk

AR JlAAS) §eel e WA ¥3E 4
H 05wt% e AR 1wt% ojdd § F
2 Hag T3 T, 28la Tyl ALFHLR oF

Falol A254 A2 20019 349

[+
-7

n
e ® ® ©
moq + 0 > w0 gH—CH=0C] mo—-?n—cu,moﬁ:ﬂ—cn q
\! R R R
R R

) aoF S
e P} i SbF,

ACE mechanism

0O

]
@ L) L )
H—o(] - HO—Ry et HO—CH—CHy 20y ot HO~CH—CHy—0-R, + u-oq
srfl [ e R !bFPl

AM mechanism

Figure4, ACE and AM curing mechanism of
DGEBA initiated by latent catalyst.
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Figure 5. Conversion rate of DGEBA initiated by
CMH at 130 C as a function of time.
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Figure 6. Isothermal conversion of DGEBA initiated

by CMH at 130 T.
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Table 1. - Gel Times of DGEBA/CMH Curing
Systems

reaction temperature  gel time (¢g)

wt% of CMH ) (sec)
140 1007
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Figure 8. Viscosity profiles of DGEBA initiated by
CMH.
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Table 2. Cross-linking Activation Energies (E)
of DGEBA/CMH Systems Obtained by Gel Times

wt% of CMH 1/T(x10°K) In¢,  E.(k]/mal)
2.42 6.91
0.5 wt% 2.36 6.69 76.4
231 5.88
2.42 6.58
1 wt% 2.36 5.88 75.7
231 5,59
2.42 6.35
2 wt% 2.36 5.58 76.8
231 5.35
oA el s,
m=2.Lic (5)
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Figure 9. TGA thermograms of DGEBA/CMH
system.

o] 412 TGA thermogramo 2HE 7§ & &8
() A3 B8 &rdxe 22(T,) $28 &%
Holzl Hojch o] g B T + U B
843 A (E)e ¥l i #48 JRE
A FEE FA0 LA A T8 AR F
R ii= R

In[ln(1 _a)"]:% (6)

71N, e B8 &, Ex B8 €43 A,
0 (T-Tp, T Ad #8 &xA9 &%, 28
i RE& 71A144& 44 e

Figure 921 TGA QEA=9l 4 (6)ozHH
In[ln(1-e)'] vs. 8 2AZE =A3How ol g
Figure 109 Jehligich. "8 €43 JdvAe
o] M9l 7l&7|2RE FE 4 A= B3l #g
AYA & 334 7 F2E ojF1 UAe IEA B
dol @ Fo 2% o] o Ea Agel £
¥ 9 87EE duA gfeleg & §g HEsS
dekgAe] ¢e3ivi & 4 Atk Table 34
CMH Ao} §adel] wa o FA] $x]9] B3 &
A8 A (E)st @8 AL % (initial decom-
position temperature, IDT), At F& A &
% (temperature of maximum weight loss, Tpax)s
283 Doyleel® Alohs gkl 4= (A* K*) %
Hg gis] 73 L% (integral procedural de-
composition temperature, IPDT) %9 <d<u4AA
AAHEE Vel & ZalzRE CMH 7RAA4)

Polymer(Xorea) Vol. 25, No. 2, March 2001



FAA %ol A A Methylanilinium@ ol sl AAE A FA Fx9 A% AT

Table 3. Thermal Stabilities of DGEBA/CMH
System

E IDT Thax 4 IPDT*
wih of OMH (o o) (0 A K (o)
0.5 wt% 2615 342 446 0.6111 506

1 wt% 3189 372 448 06886 565

2 wit% 3344 373 450 07262 594
“IPDT (C) = A* KT~ T)+T,.
where, T is the initial experimental temperature (40 C} and T
is the final experimental temperature (800 C).
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Figure 10. Plots of In(in(1—a)™") vs. 8 for Horowitz-
Metzger equation. Data points have been vertically
shifted for the sake of clarity; (M) shifted factor In a=
+0.1, (@) Ina= 0, (A) Ina=-0.1.
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