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Abstract: Epoxy composites with concentrations of 5-70 wt% of silica particles were prepared in order to im-
prove mechanical property and poor thermal stability. The mechanical and thermal properties were investigated
and compared to the corresponding properties of neat epoxy composite. Furthermore, the effects of silane com-
pound treatment on silica particles were observed by the experimental results of the tensile strength, glass tran-
sition temperature, and thermal stability of epoxy composite. Tensile strength of epoxy composites was meas-
ured by universal testing machine (UTM) and after that, the structure and morphology analysis of epoxy nano-
composites were analyzed by field emission scanning electron microscope (FE-SEM) and energy dispersive
spectroscopy (EDS). The increased solid content of CA0030 particle improved the tensile strength of ep-
oxy/modified composites to give 30-50 MPa. The thermal expansion coefficients (CTE) of neat epoxy resin
and epoxy/silica composites measured with a thermomechanical analyzer (TMA) showed that the incorporation
of silica particles was helpful to reduce the CTE of neat epoxy resin.

Keywords: epoxy composites, surface modified silica, mechanical property, coefficient of thermal expansion,
thermal shock test
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Figure 1. Chemical formula of: (a) C-2021P, (b) hardener and (c) silane coupling agent.
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Table 1. Temperature and Time Condition for Thermal
Shock Test

Cycle No. Temperature/Time Repeat time
1 105°C 30 min — -10°C 30 min 3
2 105°C 30 min — -20°C 30 min 3
3 105°C 30 min — -30°C 30 min 3
4 105°C 30 min — -40°C 30 min 3
5 105°C 30 min — -55°C 30 min 3
6 130°C 30 min — -55°C 30 min 3
7 150°C 30 min — -55°C 30 min 3
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Figure 2. Tensile strength of epoxy/silica composites with

CA0030 as a function of silica content.
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Figure 3. Tensile strength of epoxy/silica composites at 70

wt% of silica content with different silica.
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Figure 4. SEM images and EDS analysis of fractured
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Table 2. Comparison of Thermal Expansion Coefficient and Glass Transition Temperature for Neat Epoxy and Epoxy/Silica

Composite

CTE (um/m/°C)

Tz (°O)
a a» asa,
Neat epoxy 82.23 170.5 2.07 221.06
No treatment 61.93 157.2 2.54 157.57
CA0030_70%
APTES 2% 68.98 111.0 1.61 153.31
No treatment 3242 105.3 3.25 167.33
CA0140_70%
APTES 2% 46.62 72.5 1.56 160.36
No treatment 3691 97.71 2.65 168.64
CA0170_70%
APTES 2% 44.19 104.0 2.35 154.04
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Figure 8. SEM images and EDS analysis of fractured epoxy composite with modified silica by APTES: (a) CA0030, (b)

CA0140, and (c) CAO0170N.
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Figure 9. Comparison of neat epoxy and epoxy/silica com-
posite (a) before and (b) after exposure to thermal shock
test.
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