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Study of the Curing Reaction Rate of a Glass Fiber
Reinforced Bisphenol-A (BPA) Epoxy Prepreg by
Differential Scanning Calorimetry (DSC)
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ABSTRACT: The curing behavior of glass fiber reinforced epoxy prepregs based on Bisphenol-A (BPA) was studied by
differential scanning calorimetry (DSC). The total heat of reaction(AH,,, = 280.3 J/g) was determined based on the
results of the dynamic heating scanning experiments. Isothermal experiments were carried out at 110~130°C, and it was
observed that the maximum conversion and the maximum reaction rate were increased as temperature increased. Also
Kamal equation was applied to analyze autocatalytic reaction of epoxy prepregs. The higher temperatures, the greater
reaction rate constants (k;, k,). Theoretical values were calculated by these reaction rate constants and compared with
experimental values. And it was confirmed that they were in reasonable agreement. At the beginning of the reaction, the
experimental data and theoretical prediction were shown the same tendency, but at the end of reaction, the experimental
data were smaller than theoretical predicted values due to reaction rates controlled by diffusion.
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Fig. 1. DSC heat flow curve for epoxy prepreg at the heating
rate of 1°C/min as a function of temperature
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Fig. 2. DSC heat flow curves as a function of time at various iso-
thermal curing temperatures

Table 1. Maximum heat flow and peak time at various isothermal
curing temperatures

Temp. (°C) Peak Time (sec) |Max. Heat flow (W/g)
110 592 0.18
115 392 0.26
120 257 0.37
125 196 0.47
130 120 0.59
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Fig. 3. Curing conversions as a function of time at various iso-
thermal curing temperatures
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Table 2. Maximum conversion and maximum reaction rate at
various isothermal curing temperatures. o, is a

‘max

Table 3. Kinetic parameters of Kamal equation at various
isothermal curing temperatures

maximum conversion, -r,,. .. is a maximum reaction rate Temp. . N o k, k,
Temp. (°C) Xy T o max (87 (°C) (s (s

110 0.81 6.45x 10 110 1.95 0.68 2.63 | 1.43x10° | 2.86x 107

115 0.85 9.22 x 10* 115 1.89 0.70 259 | 2.81x10° | 4.09x10°

120 0.91 1.33x 10 120 1.84 0.53 237 | 326x10° | 4.57x 107

125 0.92 1.69 x 107 125 1.93 0.52 245 | 5.05x10° | 591x 107

130 0.93 2.11 x 107 130 2.14 0.34 248 | 5.74x10° | 549x 107
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Table 4. Kinetic parameters of Arrhenius equation and statistical
parameters at various isothermal curing temperatures

Eﬂl Eaz AI AZ R 2% R 2
(kJ/mol) | (kJ/mol) (s (shH I 2
86.8 432 11.4x107(2.43 x 10*| 0.940 0.862

*Coefficient of determination, R-squared, is the proportion of the
variance.
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Table 5. A comparison of maximum reaction rates obtained
between from the experiment and from the simulation,
and the standard deviation (o) value
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