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Abstract: In this research the influence of submicron zinc oxide
and silicon dioxide particles on mechanical, thermo-mechanical
properties of epoxy matrix composites reinforced with glass fi-
bres was investigated. The composites were fabricated using the
hand lay-up method. The materials contained 39-41 wt.% of
glass fibres. The bending tests, dynamic mechanical analysis
and tribological tests were performed on each group of compos-
ites and also for reference samples (without submicron particles).
The results showed that 2 wt.% addition of SiO2 or 4 wt.% ZnO
to the epoxy matrix improved the flexural strength and flexu-
ral modulus of the composites. DMA investigation showed the
increasing of storage and loss modulus for the mentioned con-
tent of submicron particles. It can be attributed to the good
dispersion and interaction between the particles and the poly-
mer matrix. It was also found that addition of submicron SiO2

particles increased abrasion resistance.

1. Introduction

Epoxy/glass composites are widely used materials in various applications including
aircraft, naval, military and building engineering. Enhancement of mechanical proper-
ties is one of the research directions. The incorporation of nanoadditives (e.g. nanopar-
ticles, carbon nanotubes or nanoclay) into the polymer matrix composites is an effec-
tive way of improving strength and stiffness of materials.

Lee et al. (2011) reported that silane-modified MWCNT improved tensile strength
and tensile modulus of epoxy/carbon composites. Kim et al. (2011) showed that ad-
dition of silane-modified MWCNT also enhanced flexural properties of epoxy/carbon
composites. Similar results were obtained by Inam et al. (2012) with using DWCNT-
NH2 which also improved the flexural properties. Rahman et al. (2012) reported
that amino-functionalized MWCNT improved flexural strength and flexural modu-
lus of epoxy/glass composites. Soliman et al. (2012) showed that MWCNT-COOH
enhanced low-velocity impact of epoxy/glass.
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Xu and Hoa (2008) demonstrated that MMT improved flexural and interlami-
nar shear strength of epoxy/glass composites. Ye et al. (2011) found that addition
of halloysite nanotubes also enhanced ILSS in the case of epoxy/carbon laminates.
Manjunatha et al. (2010) and Böger et al. (2010) reported that addition of nanosilica
improved fatigue life of epoxy/glass composites. Kornmann et al. (2005). reported
that addition of fluorohectorite enhanced the flexural strength and flexural modulus
of epoxy/glass composites.

Nanoadditives are effective in the improvement of mechanical properties of epoxy/glass
composites due to the high specific area. However, nanofillers increase the costs of
materials. Some research is focused on the influence of particles size on mechanical
properties of polymer matrix composites (Fu et al., 2008; Jajam and Tippur, 2012).
Submicron particles are a compromise between nano- and micro-particles, but it is
important to determine the efficiency of applying them in polymer matrix composites.

The main aim of this research was investigated the influence of submicron-sized
particles (ZnO and SiO2) on mechanical, thermo-mechanical and tribological proper-
ties of epoxy/glass composites.

2. Materials and Manufacturing

The epoxy resin used was a diglycidyl ether of bisphenol-A EPIDIAN R©5 (Z. Ch.
Organika-Sarzyna S.A., Poland) cured with triethylenetetramine Z-1 (Z. Ch. Organika-
Sarzyna S.A., Poland). Two different submicron particles were used: zinc oxide
(ANSER, Poland) and silicon dioxide FRANSIL R© 251 (Fransol, France). Twill weave
E-glass fabric STR-010-300-125 (Krosglass S.A., Poland) with an areal weight 300
g/m2 was used as reinforcement.

In the first step, submicron metal oxide particles (ZnO and SiO2) were mixed
manually with epoxy resin per calculated weight ratio. The prepared mixtures con-
tained 2 or 4 wt.% of particles. After homogenization a curing agent was added.
All of the composites were prepared using the hand lay-up method, and consisted of
six layers of glass fabric. The average content of glass fibres was equal to 39-41%.
The composites were cured at room temperature for 7 days and then samples were
mechanically cut. Reference samples (without particles) were also prepared.

The samples which contained 2 wt.% of ZnO or SiO2 in the polymer matrix were
coded as EPO-2-ZnO and EPO-2-SiO2, those containing 4 wt.% of ZnO or SiO2 in
the polymer matrix were coded as EPO-4-ZnO and EPO-4-SiO2, and the reference
samples (without particles) as EPO.

3. Methods

Three-point bending tests were performed according to PN-EN ISO 14125:2001 using
a Zwick-Roell Z020 testing machine with a cross-head speed of 5 mm/min. The span
length of the samples was 80 mm and the width was maintained at 25 mm. For all
types of the prepared composites five samples were tested. Flexural strength (Rg),
modulus (Eg) and strain to failure (εz) were investigated.

Abrasion resistance was determined by using a Schopper-Schlobach apparatus and
was calculated as volume loss (∆V) of the sample.
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A dynamic mechanical analysis was performed using a DMA Q800 analyzer (TA
Instruments). Tests were conducted with a frequency of 1 Hz and at the heating rate
of 5 ◦C/min in the temperature range from 30 to 200◦C. Storage modulus and glass
transition temperature were determined from the tests.

4. Results and discussion

The summary of the results from three-point bending tests is shown in Tab. 1.
The composites with 2 wt.% of submicron ZnO particles exhibited comparable flexu-
ral strength to the reference samples. Addition of 4 wt.% of the mentioned particles
to the epoxy matrix caused increase of flexural strength and flexural modulus, but
strain at break was reduced. In the case of composites with 2 wt.% of SiO2 flexu-
ral strength and flexural modulus were improved. Higher addition of SiO2 resulted
in the decreasing of flexural properties. Improvement of flexural properties can be
attributed to good dispersion of the particles in the epoxy resin and good bonding
between the polymer chains and the surface of metal oxides particles.

It was also found that addition of SiO2 particles increased abrasion resistance of
the epoxy/glass composites.

Tab. 1. Mechanical and tribological properties of prepared epoxy/glass composites
with addition of submicron particles

MATERIALS Rg [MPa] Eg [GPa] εz [%] ∆V [cm3]

EPO 190.8 ± 5.4 4.94 ± 0.06 3.49 ± 0.05 0.1587 ± 0.0015

EPO-2-ZnO 182.6 ± 6.8 5.81 ± 0.07 2.99 ± 0.09 0.1546 ± 0.0049

EPO-4-ZnO 210.3 ± 7.0 6.47 ± 0.16 2.76 ± 0.05 0.1503 ± 0.0031

EPO-2-SiO2 235.2 ± 7.7 6.12 ± 0.01 3.07 ± 0.07 0.1390 ± 0.0041

EPO-4-SiO2 147.3 ± 1.0 4.99 ± 0.11 4.08 ± 0.04 0.1308 ± 0.0044

Composites for a DMTA analysis were selected on the basis of the results of
the three-point bending tests. From each type of composites (containing different sub-
micron particles) were chosen those which exhibited higher flexural strength. The ref-
erence composites were also tested. Fig. 1 and Fig. 2 show results from measurements
of storage modulus and loss tangent as a function of temperature.

The composites with 2 wt.% of SiO2 which exhibited the greatest improvement of
storage modulus were compared to the reference samples. The materials which con-
tained 4 wt.% of ZnO also showed higher storage modulus than the reference samples.
It can be attributed to the good dispersion and interaction between the powder fillers
and the polymer matrix. These results are comparable to the results of the three-point
bending test.

Addition of metal oxide particles to the epoxy resin resulted in higher glass tran-
sition temperature of epoxy/glass composites, especially in the case of silicon diox-
ide. Increasing of Tg is probably resulted from the good bonding of the fillers with
the epoxy matrix, which restricted the polymer chain motions.
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Fig. 1. Storage modulus vs temperature response of epoxy/glass composites with dif-
ferent submicron metal oxides particles

5. Summary

In this study two types of submicron particles were incorporated in epoxy/glass com-
posites. The results proved that the composites with 2 wt.% of SiO2 showed a max-
imum improvement of 23.3% in flexural strength and 23.9% in storage modulus in
comparison with the control samples. The composites with 4 wt.% ZnO exhibited
the greatest (31.8%) improvement in flexural modulus. For those composites flexural
strength was also enhanced. Higher abrasion resistance was observed especially for

Fig. 2. Tan delta vs temperature response of epoxy/glass composites with different
submicron metal oxides particles
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the composites with 2 wt.% of SiO2. The improvement of mechanical and thermo-
mechanical properties can be attributed to good dispersion of the submicron particles
in the polymer matrix.

The results showed that cheap and commonly available submicron particles, espe-
cially SiO2 added in a small amount enhanced the flexural properties of epoxy/glass
composites.
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