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Abstract: The cure kinetics of a bisphenol A epoxy resin and polyoxypropylene diamine curing agent
system are investigated in both dynamic and isothermal conditions by differential scanning calorimetry
(DSC). In dynamic experiments, the shift of exothermic peaks obtained at different heating rates is
used to obtain activation energy of overall cure reaction based on the methods of Ozawa and Kissinger.
Isothermal DSC data at different temperatures are fitted to an autocatalytic Kamal kinetic model. The
kinetic model is in a good agreement with the experimental data in the initial stage of cure. A diffusion
effect is incorporated to describe the later stage of cure, predicting the cure kinetics over the whole
range of curing process. Also, dynamic mechanical analysis is performed to evaluate the storage modulus
and average molecular weight between crosslinkages.

Keywords: cure kinetics, epoxy resin, amine hardener, differential scanning calorimetry, dynamic
mechanical analysis.
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Figure 1. Epoxy—amine cure reactions.
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Figure 2. Heat flow measured by DSC during curing at different
heating rates.
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Table 2. Tp and AH,, of Dynamic Scans

Heating rate (‘*C/min) 1 5 10 20 40
Tp(C) 89.7 121.0 1358 152.4 1740
AHy(J/g) 293.4 289.8 288.0 - -

3.0
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2.8
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o 264
3
E 2.4
2.2
2.0
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8
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o
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Figure 3. Plots of 1/7p vs. In@ from Ozawa method (a) and In(8/
72 vs. 1/ Tp from Kissinger method (b).
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Figure 4. Degree of cure during isothermal scanning at different
curing temperatures.
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Figure 5. Reaction rate vs. degree of cure at different curing
temperatures (The solid lines represent the kinetic model.).
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Table 3. Kinetic Parameters Obtained from a Kinetic Model
[Equation (6)]

Isothermal cure ki ko

temperature (C) (X107 (x107%7H) ™ nom
80 0.2 0.6 046 243 2.89
100 0.5 2.0 0.27 229 256
120 1.9 3.6 041 263 3.04
140 4.3 4.4 0.39 220 259
160 49 6.3 0.15 1.85 2.00
4
o ki
A k2

Ink

9

10 .
0.0023 0.0024

0.0026 0.0027 0.0028

UTKT)

0.0025 0.0029

Figure 6. Arrhenius plots of the isothermal reaction rate con—
stants (k1 k2).
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Figure 7. Estimated values of m and 22 and their sum for sam—
ples at different curing temperatures.
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Figure 8. Comparison of experimental data with model pre—
diction; reaction rate vs. degree of cure at 100 C.
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Figure 9. Plot of diffusion factor vs. degree of cure at different
curing temperatures.

Table 4. Values of Critical Degree of Cure (o) and C Parameter
at Different Curing Temperatures

Isothermal cure

temperature (C) % ¢
80 0.68 319.50
100 0.72 192.85
120 0.80 96.09
140 0.87 100.00
160 0.95 319.23
—— — 120
—140°C
c 160 °C
2
3
S
&
o
=3
2
2
5
T
0 20 40 60 80 100 120

Temperature(°C)

Figure 10. Heat flow vs. temperature for samples cured at 120,
140, 160 C for 60 min.
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Table 5. Experimental Data Obtained from DMA and DSC Tests
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