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ABSTRACT: To improve the mechanical properties of fiber-reinforced polymer matrix com-
posites, hybrid systems based on unsaturated polyester (UPE) and epoxy (EP) resins with dif-
ferent ratios were investigated and applied to three-dimensional glass fabric-reinforced poly-
mer matrix composites. The effects of hybrid matrix system were evaluated by flexural, ten-
sile, impact, FT-IR and SEM experiments. It was observed that 5 wt% UPE in the hybrid
system provided the maximum mechanical properties, particulatly the impact strength. Simi-
lar results were found when the hybrid matrix system was applied to the 3D fabric composite.
The results from flexure, compression and interlaminar shear strength (ILLSS) test were de-
scribed for the hybrids.

Keywords: epoxy (EP), unsaturated polyester (UPE), hybrid, three-dimensional glasswoven
fabrics, fiber-reinforced composites.
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Figure 1. Chemical structures of EP and UPE.

Table 1. Basic Structure and Properties of the 3D
Fabrics
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Figure 2. Procedure for the hybrid specimen prepara-
tion.
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Figure 3. Preparation of 3D composites.
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Figure 4. Variation of strength and elastic modulus
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Fig. 10& hybride]Ale] UPE ¥ m& A%
Zxo] ¥3lg vepd Holt. o] BLE 2FAE
9 ZITYEe W} FAR APS RAFT
=], o]t o]u] =23t niel o] UPE7} 5wt%
H7tE AR 2] 73t physical interlocke] 23
2 HAHE 4 2. Fig. 112 UPE 3gd) dE 2
Axe] H3E vehd Aoz g Age} fA
¥ 73 Bl a4t UPE7} 100 wt% Y 2%
o9 Be 2AZEE Hojud ole SJEAHEY
2o & 5 ARl UPE7} ufs A7 H& A
A (brittle) & AFgoz2A vehts Fatelt. o)y
T dups ojEe] FRYoE E o FFd %
stress& 4 % AL - U 727 FdH o=

829



wgu - BT - oA - AI2

3.0
7 N
3]

2.5
E ‘/ TN
o - L N
< .__/./ \'\\
N’ \\
5 201 A
=
5}
=
7}
2 1s- -—e— room temperature curing
E' -—a— 100°C, lhrs., post-curing

0 2 5 10 100
Composition of Vinyl Ester (wt.%)
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Figure 12. SEM photographs of hybrid after impact
test.

3.5 #

3.0

2.5+

Interlaminar Shear Strength (MPa)

20 T T T u H—
0 2 5 10 100

Composition of Unsaturated Polyester (wt.%)
Figure 13. Interlaminar shear strength of hybrid/3D
composites with UPE composition in hybrid.

UPE 100 wt% & AMg-8tdd @& 3D S#ARY 2
7t A= (ILSS) & uehd Rojtt. o) A+ ILSS
7l EY2 AR de e JAH FHRET

Polymer(Korea) Vol 22, No. 5, September 1998



s Bgdge E9%4E A8 MEY2 so|Hs Aagd BF dF

0 0 o
ﬁ—g—g-cnz—cnz—g-—o «-———-ou——o—in—cu,—g—l‘l
P Hy HE

0—H -0

] L.
TTTITI77777 7777777777 7777777777770 77
Glass Fiber

Figure 14. Hydrogen bonding between hydroxyl
groups of UPE and those of glass fiber surfaces.

Table 2. Mechanical Properties of Hybrid/3D
Fabrics Composites

type 0 (MPa) E,*(GPa) 0., (MPa) E...“(MPa) ILSS*(MPa)
100wt% EP  50+3 41104 40203 4014 27402
EP and 5 wi%
+ 210 210, + 010,
UPE hybeid 5512 42104 42105 4413 30£0.1
100wt% UPE  39+4 3905 35104 313 26101

¢ Flexural strength. ® Elastic modulus in flexure. ©Flatwise
compression strength. ¢ Flatwise compression modulus. ¢ Inter-
laminar shear strength.
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