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S AR} FA} @A (differential scanning calorimetry (DSC)) -E& &Y (dielectric
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Ar2 2E] AH4A2l Time-Temperature-Transformation (TTT) %38 ZA (cure diagram)2
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Abstract : The curing behavior of epoxy/glass fiber prepregs, widely used for aeronautic
structural materials, has been investigated under isothermal and dynamic conditions using a
differential scanning calorimetry (DSC) and a dielectric analyzer (DEA). The isothermal
curing reactions for the prepregs were found to be well-expressed by the autocatalytic kinet-
1cs. The fractional cure experiments, which are closely related to the practical composite pro-
cessing, were also performed and compared with results from the 1sothermal cure reaction.
The experimental results obtained from DEA and DSC under isothermal condition allowed us
to construct a qualitative Time-Temperature-Transformation cure diagram (TTT cure dia-
gram). In order to test the possibility that the kinetic expression for the 1sothermal cure reac-
tion can be applied to dynamic cure condition, the effect of initial degree of cure (@) and
heating rate on the dynamic curing behavior has been studied using DSC as well as DEA. Dy-
namic DSC experiments show that the experimentally determined temperature at cure peak

&eolof 4199 A3z 199543 59 265



AZTA-d &R FN 27

F-AFd

is higher than that for the cure peak predicted from the isothermal cure kinetics when ao

ranges between zero and 0.46. When a is larger than 0.46 the experimentally determined dy-
namic cure exotherm is in good agreement with that predicted from the isothermal cure ki-
netics. From the DEA experiments under dynamic cure condition we observed that there was

a physical phase transition around 80°C before curing reaction and the physical transition at

the low temperature was not considered in the isothermal kinetics obtained at high cure tem-

peratures, causing the deviation from the model predictions. When a, was larger than about

0.4 the physical transition around 80°C disappeared which could, in turn, explain the good

agreement between experiment and model predictions.

Keywords : prepreg(s), isothermal cure, fractional cure, dynamic cure, time-temperature-irans-

formation (TTT) cure diagram, dif ferential scanning calorimeter (DSC), dielectric

analysis (DEA).
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Fig. 1. DSC curing isotherm of the BMS 8-79 pre-
pregs.1®
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Fig. 2. Comparison between degree of cure (a) pre-
dicted from the isothermal kinetic model and mea-
sured for fractionally cured samples cured at differ-
ent temperatures.

Table 1. Mean Square of the Difference between
Degree of Cure (@) Measured and a Predicted by
the Isothermal Cure Kinetics for Samples Fraction-
ally Cured at Different Temperatures

Temperature( C) 60 80 100 120

Mean Square Difference 0.015 0.007 0.007 0.006
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Fig. 3. Time-Temperature-Transformation (TTT)
cure diagram : (a) for general epoxy resin system
and (b)for BMS 8-79 prepreg employed in this
study (the boxed area in Fig. 3 (a) is enlarged here).
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Fig. 4. The dielectric loss tangent (tan &) as a func-
tion of time for BMS 8-79 prepreg cured at 100°C.1°
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Fig. 5. The effect of initial degree of cure (a,) on
the curing exotherm at a heating rate of 10°C/min
. (a) predictions from the autocatalytic kinetic mo-
del based on the isothermal cure test, (b) experimen-
tal data for different initial degrees of cure, and (c)
comparison between experimental data and model
predictions for @,=0, 0.22, and 0.66.
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Fig. 7. Experimental results from dynamic DEA
test for prepregs at a heating rate of 2.5°C/min : (a)
the dependency of dielectric loss tangent on DEA
frequency for a prepreg with ¢,=0.22 and (b) the ef-
fect of initial degree of cure (a@,) on loss tangent
curve obtained at 2Hz.
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