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Abstract ; In this study, the effects of double bond mole ratio of unsaturated polyester
and styrene on the curing behaviors and mechanical properties were investigated. An
improved kinetic model proposed by Lam et al., and the microgel reaction mechanism
were used to characterize the system. It was found that the final conversion increased
with increasing the styrene monomer fraction. On the other hand, the conversion at the
peak of DSC thermogram appeared to decrease with increasing the styrene monomer
fraction. The reaction order of the system and the activation energy were calculated to
be 1.14 and 68.9 kJ/mol, respectively. The hardness, density, flexural strength and flex-
ural modulus decreased with increasing the styrene monomer fraction, but impact
strength was independent of the styrene monomer fraction. The flexural strength and
flexural modulus increased with increasing curing time but density decreased. The hard-
ness was found to be independent of curing time.

Keywords : sheet molding compound, curing behavior, mechanical properties, unsaturated
polyester.
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Table 1. Formulations of Unsaturated Polyester
(UPE)/Styrene System for DSC Experiments and
Mechanical Property Tests (unit:g)

ST/UPE| 0.67 1 1.5 2 2.5 3

UPE | 65.7 65.9 659 659 65.9 65.9
Styrene| 28.5 42.7 64.1 85.3 106.4 127.6
TBPB| 0.93 1.11 1.39 1.67 1.94 2.22
PBQ |0.044 0.053 0.066 0.079 0.092 0.105
MgO| 1.60 1.85 2.21 257 2.93 3.29
PVAc 15.10 17.38 20.80 24.19 27.57 30.96
CaCO4 94.4 108.6 130.0 151.2 172.3 193.5
Znst| 3.78 434 520 6.05 6.89 7.74

A : Formulations for DSC curing experiments.
B : Formulations for mechanical property tests.
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Fig. 1. 'H-NMR spectrum(at 300MHz in CDCl; at
room temperature) of UPE resin after removal of
styrene.
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Fig. 2. DSC thermograms for curing reaction of
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Fig. 3. Isothermal conversion profile for curing re-
action of UPE/styrene (1:1.5) at various tempera-
tures.
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Fig. 4. Final isothermal conversion of styrene/UPE
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Fig. 5. Conversion at the maximum of isothermal
cure thermogram for various styrene/UPE mole ra-
tios and temperatures.
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Table 2. Total Heat Evolved from the Reaction of
UPE with Styrene

ST/UPE| 0.67 1 1.5 2 2.5 3
Theoretical(k)/mal)’| 68.2 69.0 69.8 70.3 70.7 71.0
120°Cc|42.2 47.7 53.1 55.1 589 61.2
Exp.| 1107C| 43.3 46.1 49.7 55.2 57.2 588
(kJ/| 105|425 46.4 51.9 529 57.2 60.1
mol)| 100°C| 41.4 48.8 525 556 585 57.2
Average| 423 47.2 51.8 54.7 57.0 59.3

2 : Theoretical heat evolved from the reaction of fumaric acid
with styrene.?

Table 3. Reaction Order of Various Mole Ratio of
Styrene and Polyester C=C Bonds at Various Tem-
peratures

T~ SIUPE 067 1 15 2 25 3

Reac.[120°C| 1.19 1.20 1.19 1.16 117 1.17
tion [110°C| 1.17 1.13 1.2 113 114 1.10
order|1057C| 1.18 1.13 1.14 1.6 1.15 1.17
(n) 100C|1.24 1.15 1.11 112 110 1.13
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Fig. 6. Arrhenius plot for curing of styrene/UPE.
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