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2 oF:Imidazole Zwje] FFol]l wW& bisphenol-FAl o|FA] (Diglycidyl ether of bisphenol-
F)nadic methyl anhydride 2] A|2le] 73} @ F@8A AHEo] AAFALAZA (differential
scanning calorimeter)sh 517 HEAF ALgat] ATAUL. ASALITE BA] AN
2 e T2z F2APol AU Bisphenol-FA| o] A|/anhydride Z4E2] 7
shAe ABF] 20 ~ 40 %Y W At FE wole AAZWWNEE ehhUTh SEAs
(k1, ke €5 &4 7P B3AE (mtn)E 2% oFA4d0] glzlew, vgates 79 3
o2 AL Fuje] FF7o el F M ¥V FE X Tk G-G" crossover HFH
& B3 At AME FAsYoH, o] AAZRE GRS Ik &§ dHE A

e 2B fsHY ASoRyE LEo FUA dFol me A A0 ts walr) A
HAQ BAE UEhIE AL % 4 ANk 22HY olEA 54 2HBL AFH Fa

4 AEE Bfen, HuEddert 298 dre weolmth

ABSTRACT : The cure and rheological behavior of diglycidy! ether of bisphenol F/nadic methyl anhydride
resin system with the kinds of imidazole were studied using a differential scanning calorimeter (DSC)
and a rotational rheometer. The isothermal traces were employed to analyze cure reaction. The DGEBF/
anhydride conversion profiles showed autocatalyzed reaction characterized by maximum conversion rate
at 20~40 % of the reaction. The rate constants (k;, k2) showed temperature dependance, but reaction
order did not. The reaction order (m+n) was calculated to be close to 3. There are two reaction mechanisms
with the kinds of catalyst. The gel time was determined by using G'-G” crossover method, and the activation
energy was obtained from this results. From measurement of rheological properties it was found that the

logarithmic gelation time of fused silica filled DBEBF epoxy compounds linearly increased with the content
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of filler and decreased with temperature. The highly filled epoxy compounds showed typical pseudoplastic

behavior, and the viscosity of those decreased with increasing maximum packing ratio.

Keywords : underfill, diglycidyl ether of bisphenol-F, imidazole, chemical reaction, gelation time.
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Table 1. Chemical Structures of Raw Materials

Materials Structure
O O
DGEBF a {0
H,C—CH—CH,-O CHp O—CH,—CH—-CH;
CHz o]
Nadic methyl anhydride O
o]
N
]
IMI* N
|
CHy
L
M NJ\CHg
|
H
T
2E4MI° ITI CH,CH,
H
LA
¥ o
1B2MI° %2
7 -glycidoxypropyl- Q

trimethoxysilane

HoC——CHCH,OCH,CHCHSI(OCHy) 3

Filler spherical type fused silica
a. l-methylimidazole, b. 2-methylimidazole, ¢. 2-ethyl-4-methylimidazole, d. 1-benzyl-2-methylimidazole
MCD, Nippon Kayaku Co)E 2z} AMg3lglod, (©]dt 1B2MI) & o|ZA] 100 gofl dis) ztz}
3HS- Zw)Q) 1-methylimidazole (°]8} IMI), 2-methy 0.020 mol H-E3tATE F7] 2HAZAN 7Y &
limidazole (©}3} 2MI), 2-ethyl-4-methylimidazole & AFE AlRslgon, Sxjeke] A =)
(©)3} 2E4MI), 12|3  1-benzyl-2-methylimidazole E 98] 7 -glycidoxypropyltrimethoxysilane(S-510, Chisso
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Table 2. Maximum Packing Density, ¢, According
to Filler Combination and Mean Size of Fillers®

. Weight ratio
Filler _ o
) Fl F2 F3 m
(mean Size, un) | 33 55umy (127m)  (2.5m)
Filler |Cl{ 0.0 0.20 020 0.837
combination| C2|  0.40 0.40 020 0818
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I. Anhydride curing
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I1. Catalytic curing (homopolymerization)
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Figure 1. Simplified reaction mechanism for DGEBF cured with nadic methy! anhydride under the catalyst of 2MI.
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Figure 2. Conversion rate of the unfilled compositions at several isothermal curing temperatures under the catalysts

of (a) IMI, (b) 2MI, (c) 2E4MI, and (d) 1B2ML
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Figure 3. Conversion of the unfilled compositions at several isothermal curing temperatures under the catalysts of

(a) IMI, (b) 2MI, (c) 2E4MI, and (d) 1B2MIL
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Figure 4. Conversion rate vs. conversion of the unfilled compositions at several isothermal curing temperatures under
the catalysts of (a) IMI, (b) 2MI, (¢) 2E4MI, and (d) IB2MI.
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Table 3. Kinetic Parameters of the Unfilled Compositions Following Autocatalytic Cure Reaction Obtained
from Isothermal Cure

Catalysts Temperature(C) k(x10%) k(X107 m n m+n
110 0.48 0.21 1.23 1.77 3.00
120 0.85 0.37 1.24 1.77 3.01
IMI 130 1.22 0.67 1.09 1.81 2.90
140 1.98 1.17 1.07 2.04 3.11
150 2.76 2.57 1.01 2.03 3.04
110 0.25 0.26 1.29 1.78 3.07
120 0.45 0.46 1.35 1.71 3.06
2MI 130 0.78 0.82 1.19 1.86 3.05
140 1.14 1.66 1.30 1.77 3.07
150 1.82 3.34 1.23 1.79 3.02
100 0.17 0.20 1.32 1.77 3.09
110 0.31 0.34 1.41 1.60 3.01
2EAMI 120 0.50 0.69 1.39 1.65 3.04
130 0.74 1.16 1.33 1.76 3.09
140 1.02 2.33 1.26 1.77 3.03
100 0.39 0.20 1.23 1.76 2.99
110 0.61 0.37 1.22 1.77 2.99
1B2MI 120 0.89 0.63 1.06 1.94 3.00
130 1.35 1.24 0.96 2.03 2.99
140 2.01 2.38 0.93 2.09 3.02
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Figure 5. Temperature dependence of (a) ki, and (b) 4..
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Table 4. Generalized Kinetic Parameters of the Unfilled Compositions Following Autocatalytic Cure Reaction

Obtained from Isothermal Cure

Temperature dependence of rate constant

Catalysts . | m n
ki(s) bk (s)
0% 10* 97x10°
IMI 490% 10 1 3.97X10 1 13 1.88
exp(-58.6k] mol /RT) exp(-82.8kJ mol /RT)
68 10° 19 10°
M 2,68 X 10 | 1.19% 10 . 127 178
exp(-66.1kJ mol /RT) exp(-85.9kJ mol /RT)
88x10* 78%10°
2E4MI 18810 ' 1.78>10 ¥ 1.34 1.71
exp(-57.2kJ mol/RT) exp(-78.5kJ mol /RT)
86%10° 18x10°
1B2MI 78610 . 2.18x10 | 1.08 1.92
exp(-52.1kJ mol /RT) exp(-78.8kJ mol /RT)
6 102
symbols ; experimental
54 lines ; calculated
o o M
2 B a 2™l
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— o 1B2MmI
2 4 «©
3 5
5 |8 AR T A%
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4 ‘ _ o
8" < 8owtp 1-130C
10" T T T e
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0.0 0.2 0.4 0.6 0.8 1.0 Time (sec)

Conversion (o)

Figure 6. Comparison between the experimental values
of conversion rate and these values obtained from the
autocatalytic cure model using the kinetic parameters
in Table 4 for the unfilled compositions with the kinds
of catalyst at curing temperature of 1407C.
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Figure 7. Variation of tand as a function of curing
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of 130°C. Catalyst was 1B2MI and filler composition
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Figure 8. Arrhenius polts of gelation time vs. (a) reciprocal cure temperature, and (b) filler content. These results

were obtained from Figure 7.

Table 5. Gelation Time of C1 Compositions with Filler Content at Several Isothermal Temperatures

Gelation time with filler content (sec)

Temperature (C)

(g vs. wy*

60 W% 70 wit% 80 wi%
120 351 484 635 2.93 w, + 411
130 21 292 378 2.66 wy + 381
140 121 162 208 2.70 w, + 3.18
In(tg) vs. 1/ T 8632/T-16.08 8875/T-16.38 9050/T-16.56 -

*. wy represents the weight percent of filler.
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