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Analysis of Curing Reaction for Epoxy Resin Used for Electrical Insulators
Partl Kinetic Analysis of Curing Reaction

Fukunaga, Moritaka*'/Yamada, Toshiro*!/Kanoh, Shigeyoshi*'/Gamou, Masahiro**

Epoxy resins have been widely used as insulators in electronic devices because of the in excel-
lent electrical properties. Cracking of the epoxy resin (interface) is a problem during the curing
process, hence many experimental investigations on the causes have been performed. Few studies
have dealt with this problem by numerical methods because the relationship among the reaction
rate, temperature, stress, and strain is too complex to be expressed numerically. The finite ele-
ment analysis method with a coupled matrix of the relationships is the most suitable for imple-
mentation. The results determined with numerical analysis is useful for designing electronic de-
vices, although many parameters are necessary to accomplish the analysis. This paper reports on
the kinetic analysis of the curing reaction between an epoxide (Epikote 828) and a carbonic acid
anhydride (HIN-2200) using a finite element analysis with a coupled matrix. The degree of reaction
at a given temperature was determined by titration of the unreacted acid and epoxy groups in
the system. Because the curing rates obtained by a power law model were not in good agreement
with experiment, the curing rate was expressed as a function of temperature and the degree of
reaction by means of a multiple regression analysis. To deal with the curing rate in the finite ele-
ment analysis, the degree of reaction was defined as one of the variables at the Gaussian integra-
tion points in finite elements. Consequently, the analytical results with the new finite element
model were in good agreement with the experimental data. This numerical method would be
available for predicting the strain in epoxy resins and the degree of reaction throughout the cur-
ing process.
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Fig.1 Structure of Epikote 828

372

FNEIE1L ER 2ITRL 7.

2.2 BMERICER

Epikote 828 & HN 2200 D REAL KIS XK 3 12/R$ & 9 1,
IREFVEIMEANVKFIIVE 2P0 AT NVEED
2MAR LT, RAFTERITEFHEE LR L THE{LT 5.
Epikote 828 & Wi{b#] (HN-2200 & DMP 30 O Fl) Db
BHRM 2 HARERIZ 100 91.6 1% 525, HHETL D
I (1) SNTVLERHNAAARERO 100 : 80.5
2RV, Ry 7L yByF s AR—-F TNV E—H—h
2 Epikote 828 #9 2.5 g &L Wi L ##2.0g 2 E & £ 100 :
80.5127% B XML, C—H—dD 2% H T X
BTECRMULALRE, FYr— —dhTHEIRT 30 5 MK
FBi L7z, ¥ —F—% 80T ICERE L - Bk 24 E EAg

WEHE L, FrEfsRELz%, C—h—2F7 v r—
F—HIZRY ML, B L TRISZEIL L. B LG
FEix 80T iz 100T & 120T CTHAL KIS ER %17 - 7.
2.3 RKRICEREETE

FIBHEE R RET B0, RE—EDOELTRIG%
DA LT, RISROME/LZHE L 2T
ohwv, KnEEMET L HELE LT, DSCEHWV5
FHE'SEH5H, DSCIZLAREIITNAI A LS FE
B b, HSBEOEBLWEL TVWEIDOTH->T, il
ERUBIC X D RUSBERREIER SN2 B2 EENEL T
WBbIFTidhw., —F, KngFoREEr7) v 7
LT, ORI EREZERTNERCRZRETE

Me
MezN NMez
0

NMez

Fig.2 Structures of HN-2200 and DMP-30 (
Methyl group)
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Fig.3 Curing reaction between Epikote 828 and HN-
2200 catalyzed by DMP-30 (Spheres express
polymer backbone of epoxy resin. )

Table1 Feed ratio of Epikote 828 and HN-2200

Epikote 828 : HN-2200
100 : 80.5

Recommended Ratio

Theoretical Ratio (100 : 91.6)
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Fig.6 Variation of curing ratios based on the acid
and epoxy equivalents at 830C : R. (@), R, (&)
and power law model (Solid line, 2 =6.16X10°
s”' determined by DSC analysis)
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Fig.7 Variation of curing ratios based on the acid
and epoxy equivalents at 100C : R.(@)and R.
(A)and power law model (Solid line, 2 =2.57

X107's™" determined by DSC analysis)
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Fig.8 Variation of curing ratios based on the acid
and epoxy equivalents at 120C : R. (@)and R.
(a)and power law model (Solid line, & =9, 27

X10~'s™" determined by DSC analysis)
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Table2 Variation of acid and epoxy equivalent at 80C

Time (min) Exq{eq./100 g) Aeq (eq. /100 g)

60 2.735%107" 4.601x107"
120 2.434%x107" 4.191x 107"
180 2.175%x107" 3.447%x107"
240 1.994 %107 2.537x107"
300 1.522x 107! 2.030%x107"
360 9.875x10°* 9.973x10°*
420 5.080%x107* 5.513%x107?
480 1.021x107° 6.731x107*
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Table 3 Variation of acid and epoxy equivalent at 100C

Time (min) Ey (eq. /100 g) A (eq. /100 g)
20 2.858x 107" 4,808 % 107"
45 2.438x 107! 3.675%x107!
70 1.495% 107! 2.082x107"
80 1.460%x 107! 1.754%x10°!
107 9.331x10°? 1.182x107!
140 2.125%x10°% 6.938%x107"
180 2.341%x10°° 5.075x107*

Table 4 Variation of acid and epoxy equivalent at 120C

Time (min) E,(eq. /100 g) Aw (eq. /100 g)
10 3.053x107" 5.106 107"
20 2.455%x 107" 3.942%x107"
25 1.584 < 107! 2.234%x107"
30 9.943x10°* 1.158 % 107!
40 8.207 x 107" 8.589x10°?
60 6.357x 107" 5.097 <107

Table 5 Contents of isomer in Epikote 828

n Molecular weight Fraction (%)
0 340 86
1 640 13
2 908 1

Average molecular weight = 382. 6
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Fig.9 Meshing for finite element analysis
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