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ABSTRACT: In order to improve the mechanical properties of unsaturated polyester (UPE)
resins. the UPE resins with different glycol molar ratios were prepared. The effects of molar
ratios of the UPE resins on the curing behaviors and mechanicai properties were investigated.
The microgel reaction mechanism was employed to characterize the system. It was found
that the final conversion increased with increasing NPG molar ratios, and the conversion at
the peak of differential scanning calorimetry (DSC) thermogram appeared to decrease with in-
creasing NPG molar ratios. The flexural strength. tensile modulus, water resistance. and infil-
tration increased with increasing NPG content. but the tensile strength, tensile elongation,
and flexural modulus decreased. Among the UPE resins prepared from the glycols with the
molar ratios (PG/NPG) of 0.5/0.5, 0.25/0.75, those of laminated composites plates showed bet-
ter mechanical properties.
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Table 1. Recipe of the UPE Resins Prepared from
Different Glycol Molar Ratios (PG/NPG)

__resin name PG NPG IPA A
UPE-1 1.0 0 05 05
UPE-2 0.75 0.25 05 05
UPE-3 05 05 05 05
UPE-4 0.25 0.75 05 05
UPE-5 0 1.0 05 0.3
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Figure 1. FT-IR absorption spectra of UPE resins of
varing glycol molar ratios (PG/NPG): (a) UPE-1. (b)
UPE-2, (c) UPE-3, (d) UPE-4, and (e) UPE-5.
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Figure 2. Curing rate de/d! vs. curing time from
DSC measurements : UPE-1 (PG/NPG=1.0/0.0);
UPE-2 (PG/NPG=0.75/0.25); UPE-3 (PG/NPG=0.5/
0.5); UPE-4 (PG/NPG=0.25/0.75); UPE-5 (PG/NPG
=00/1.0).
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Figure 3. Conversion a vs. curing time obtained from
DSC measurements: UPE-1 (PG/NPG=1.0/0.0);
UPE-2 (PG/NPG=0.75/0.25) ; UPE-3 (PG/NPG=0.5/
0.5); UPE-4 (PG/NPG=0.25/0.75); UPE-5 (PG/NPG
=0.0/1.0).
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Table 2. Curing Heat for Unsaturated Polyester
Resins with Different Glycol Molar Ratios

PG/NPG molar ratios Qiso (/) Q. (J/g)
1.0/0.0 355.72 41.80
0.75/0.25 335.82 37.04
0.5/0.5 333.04 33.40
0.25/0.75 314.89 - 31.90
0.0/1.0 277.31 ‘3080
Table 3. Curing Parameters for Unsaturated

Polyester Resins with Various Glycol Molar Ra-
tios

t
PG/NPG molar ratios t°".”' ek g o
(min) (min)

1.0/0.0 502 899 0.09 0923
0.75/0.25 540 1058 0.097 0918

0.5/0.5 501 1091 0101 0911
0.25/0.75 6.21 1106 0116 0906
0.0/1.0 741 11.70 0.118 0.899
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Figure 5. Tensile strength of laminated composites
plates with UPE resins of varing glycol molar ratios.
UPE resins; UPE-1 (PG: 1.0 mole), UPE-2 (PG/NPG:
0.75/0.25 mole), UPE-3 (PG/NPG: 0.5/0.5 mole),
UPE-4 (PG/NPG: 0.25/0.75 mole), UPE-5 (NPG: 1.0
mole). Cure condition: 25, 168 hrs/80 C, 3hrs.
Strain rate: 5.0 mm/min.
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Figure 6. Tensile elongation of laminated composites
plates with UPE resins of varing glycol molar ratios.
UPE resins; UPE-1 (PG: 1.0 mole), UPE-2 (PG/NPG:
0.75/0.25 mole), UPE-3 (PG/NPG: 0.5/0.5 mole),
UPE-4 (PG/NPG: 0.25/0.75 mole), UPE-5 (NPG: 1.0
mole). Cure condition: 25 °C, 168 hrs/80 C, 3hrs.
Strain rate: 5.0 mm/min.
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Figure 7. Tensile modulus of laminated composites
plates with UPE resins of varing glycol molar ratios.
UPE resins; UPE-1 (PG: 1.0 mole), UPE-2 (PG/NPG:
0.75/0.25 mole), UPE-3 (PG/NPG: 05/05 mole),
UPE-4 (PG/NPG: 0.25/0.75 mole), UPE-5 (NPG: 1.0
mole). Cure condition: 25, 168 hrs/80 'C, 3hrs.
Strain rate: 5.0 mm/min.
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Figure 8. Flexural strength of laminated composites
plates with UPE resins of varing glycol molar ratios.
UPE resins: UPE-1 (PG: 1.0 mole), UPE-2 (PG/NPG:
0.75/0.25 mole), UPE-3 (PG/NPG: 05/0.5 mole),
UPE-4 (PG/NPG: 0.25/0.75 mole), UPE-5 (NPG: 1.0
mole). Cure condition: 25°C, 168 hrs/80 °C, 3hrs.
Strain rate: 1.0 mm/min.
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Figure 9. Flexural modulus of laminated composites
plates with UPE resins of varing glvcol molar ratios.
UPE resins; UPE-1 (PG: 1.0 mole). UPE-2 (PG/NPG:
0.75:0.25 mole), UPE-3 (PG/NPG: 0.5/0.5 mole},
UPE-4 (PG/NPG: 0.25/0.75 mole). UPE-5 (NPG: 1.0
mole). Cure condition: 25°C, 168hrs/80 °C, 3hrs.
Strain rate: 1.0 mm/min.
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Figure 10. Water absorption of laminated composites
plates with UPE resins of varing glycol molar ratios.
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molar ratios. UPE resins; UPE-1 (PG: 1.0 mole),
UPE-2 (PG/NPG: 0.75/0.25 mole), UPE-3 (PG/NPG:
0.5/0.5 mole), UPE-4 (PG/NPG: 0.25/0.75 mole),
UPE-5(NPG: 1.0 mole). Cure condition: 25 °C, 168
hrs/80 C, 3 hrs.
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