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ABSTRACT: The one-to-one relationship between the glass transition temperature and the
extent of reaction of biphenyl-type epoxy/phenol novolac resin system was interpreted by
using DiBenedetto’s equation and DiMarzio’s equation modified by Hale. The relationship be-
tween the glass transition temperature and curing time was investigated by diffusion-con-
trolled cure kinetic equation and Hale's equation. By combining these two equations, it was
possible to construct the time-temperature-transformation (TTT) isothermal cure diagram.
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Table 1. Description of Raw Materials Used in
This Study
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Figure 1. Typical DSC scans of unreacted sample
and partially cured samples at 120 °C for two different
curing times.
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Figure 2. Glass transition temperature as a function
of (a) conversion and (b) curing time for biphenyl-type
epoxy resin composition. Isothermal vitrification at
each cure temperature is designated by an arrow and
dashed lines are hand-fitted.
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Figure 3. (a) P(F3“!)as a function of conversion for
a step polymerization between a monomer with num-
ber of functionality of 2 and a monomer with the num-
ber of functionality, f. (b) Calculated crosslinking den-
sity as a function of conversion for biphenyl-type
epoxy resin composition. The number of f was as-
sumed to have the average value of 7.
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Figure 4. Comparisons between the experimental
and the theoretical values of T,.
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Figure 5. Conversion rate as a function of (a) time
and (b) conversion at several isothermal temperatures
for biphenyl-type epoxy resin composition.
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Figure 6. Comparison of the experimental data with
the theoretical values of T, obtained by combining dif-
fusion-controlled cure kinetic equation and Hale's
equation.
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Table 2. Kinetic Parameters of Biphenyl-Type
Epoxy/Phenol Novolac Resin System Obtained

from Each Isothermal Test
temix.ecra)lture &y ky m n C a

110 0.25x107 2386x10° 133 166 666 084
120 052x10% 524x10° 141 162 70.7 0.90
130 091x10°% 7.73x10® 127 150 882 093
140 140x10°% 142x107% 117 163 805 098

Table 3. Generalized Kinetic Parameters for Bi-
phenyl-Type Epoxy/Phenol Novolac Resin System

kinetic parameter value
k 5.66 % 10°exp(-76825/ RT)
ky 6.12 x 108exp(-78867/ RT)
m 13
n 1.6
C 77
A -0.8785+0.0045T

Cure temperature (C)

i T T

4 8 8 10
In Time (min)

Figure 7. Calculated isothermal TTT cure diagram

for biphenyl-type epoxy resin composition.
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