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Abstract— Curing kinetics of unsaturated polyester resin system exhibiting apparent induction periods was investigated
by modeling free radical initiation and propagation processes. The isothermal curing induction period as well as the max-
imum-rate time provided the same activation energy in the Arrhenius relation, and therefore the isothermal curing master
curve was constructed by using the reduced time method. Two model elementary rate equations for radical and monomer
were proposed to describe the free radical polymerization of unsaturated polyester resin systems. The power law was adopted
to express the conversion dependence function of the injtiation efficiency and the monomer reaction rate. Demonstrating
the capability of the developed model, the agreement between experimental and predicted data was excellent in both isoth-
ermal and dynamic-heating conditions, even with the same model parameters in different thermal condition.
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Fig. 1. Isothermal DSC thermogram of 1 phr TBPB/unsaturated po-
Iyester system isothermally cured at 80 °C without quenching
(a) and with quenching after 10 minutes of isothermal hold-
ing (b).
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Fig. 2. Heat of reaction and induction period for isothermal curing
of unsaturated polyester system at 80 °C for various TBPB
concentrations.
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Fig. 3. Heat of reaction and induction period for isothermal curing
of unsaturated polyester system at 80 °C for various LP-169
portions.
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Table 1. DSC isothermal curing results for 1 phr TBPB/Unsaturated
polyester resin system

2I3} F2l2BY A3 g A4 A7 693

T(C) AH(V/g) t{(min) t,(min)
72 3354 41.48 64.35
75 3355 33.96 53.69
80 346.4 16.80 35.07
83 333.0 14.60 25.61
85 339.7 9.83 22.16
87 336.2 1.63 19.03
90 370.0 8.13 14.95

100 404.6 3.10 6.54

110 424.5 2.16 2.76
120 420.3 1.14 1.28
130 417.2 0.69 0.79
140 416.7 0.42 0.50
150 410.6 0.34 0.42
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Fig. 5. Heat of reaction and induction period for isothermal curing
of unsaturated polyester system at various temperatures.
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Fig. 8. Comparison of model prediction with experimental cure results
obtained at various isothermal cure temperatures.
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: reaction constant for monomer reaction
: reaction constant for radical reaction
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: gas constant
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: reduced time
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o :conversion
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*  :activated radical condition
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