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1. Introduction

Materials science is a science based on the development of new materials or the
improvement of the performance of existing materials. Epoxy resins, which have
superior properties such as high strength and corrosion resistance, chemical sta-
bility, easy processing, and low shrinkage during hardening, have been a favorite
of materials engineers trying to develop new composite materials. In addition,
due to their good wetting properties, composite material can be formed by com-
bining with many materials [1]. Due to these characteristics of epoxy composite
materials are candidates to take the place of conventional metallic materials. But

the cross-links found in the structure of the epoxy resin, which gives it strength,
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make it a brittle material at the same time. Brittle material means material that
allows crack propagation and is damaged by sudden breakage. In addition, al-
though the strength of epoxies is high, it is not sufficient compared to metals. It
has been shown in many studies that the addition of inorganic particulate fillers
to the resin can increase the modulus, strength and many more properties of the
epoxy resin. Most commonly used types of inorganic reinforcing particles are
ALOQO,, SiO, and TiO,. Researchers in the literature investigated the effect of
AL O, additive on the mechanical and some other properties of polymer compo-
sites and all of them concluded that the mechanical properties improved [2] [3]
[4] [5]. Zhao and Wenbo Luo investigated the effect of nano silica fillers on the
mechanical properties of the epoxy composite. They concluded that the elastic
modules of the nano SiO,/epoxy composite were greater than those of pure
epoxy resins. However, the % elongation of the composite material decreased
with increasing SiO, content by weight [6]. Chen and friends investigated the ef-
fect of highly dispersed nano silica admixture in epoxy resin in their studies.
There was a significant increase in the mechanical properties of the nano SiO,
filled composite [7]. Johnsen and friends noted that as a result of their studies,
the addition of silica nanoparticles to epoxy increased toughness and modulus
[8]. Ahmad and friends investigated the effect of SiO, particle shape on epoxy
composites and concluded that elongated silica provides the best mechanical
properties compared to other shapes [9]. In the literature, there are many studies
showing that TiO, additive provides an increase in the mechanical properties of
epoxy [10] [11] [12] [13].

In this study, epoxy composite materials with Al,O,, SiO,, and TiO, which are
frequently used in the literature, and with MgO, which is not used much, were
produced to investigate which reinforcement material caused better mechanical

properties.

2. Experimental Studies
2.1. Production of Samples

This study was carried out in Afyon Kocatepe University Faculty of Technology
Laboratories. MGS LR160 HEXION epoxy resin and hardener were used to de-
termine the characteristics and mechanical properties of epoxy matrix, Al20,,
SiO,, MgO and TiO, reinforced composite materials. The reinforcing materials
and their properties are given in Table 1.

In order to determine the mechanical properties of composite materials,

composite materials having filler rates of 3% and 5% by weight were produced.

Table 1. The reinforcing materials and their properties.

Reinforcement AlL,O, Sio, TiO, MgO
Purity (%) 97.7 99 98 98

Density (gr/cm?) 3.95 2.32 425 3.58
Average Particle Size (um) 2 2 0.2 2
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For the production of samples, epoxy and hardener were used according to the
mixing ratio of 100:25. In all productions, firstly, a homogeneous mixture was
obtained by adding ceramic filler material to the epoxy and mixing with me-
chanical mixer for 20 minutes. Then, the hardener was added and stirring was
continued for a further 5 minutes, thus preventing the epoxy from starting to
cure during the mixing of the reinforcing material. After the mechanical stirring
process, the mixture which was taken to the vacuum apparatus to remove air
bubbles was vacuumed at variable pressures for 15 minutes. The mixture was
then poured into silicone molds and allowed to cure at room temperature for 24
hours (Figure 1). Following the production process, three points bending, im-
pact and hardness tests were performed on the samples, respectively, and the

results were compared.

2.2. Mechanical Tests

2.2.1. Bending Test

SHIMADZU 3 point bending test instrument was used to determine the bending
behavior of the samples. The distance between the brackets was 58 mm and the
jaw speed was 2 mm/min. The maximum stress and elastic modulus of pure
epoxy, 3% and 5% reinforced composite materials were obtained by bending test
and the results are given in Figure 2 and Figure 3. When the maximum bending
graph given in Figure 2 is examined, it is seen that all additive increases the
flexural strength of epoxy. In addition, as the amount of additive material in-
creased, strength increased. The highest increase was observed in 5% and 3%
SiO, added samples, respectively. TiO, additives followed them. The critical
point that affects the mechanical properties when preparing particle reinforced
composite materials is the good dispersion of the particles in the resin [11] [14].
Although there are many parameters affecting the distribution, the density and
size of the particles are among the most important factors. SiO,, which has the
lowest density of the reinforcing materials, also showed a good distribution dur-
ing production. This was reflected in the results. The highest strength value is
obtained from 5% SiO, composite material. This was followed by 3% SiO, doped
sample, 5% TiO, and 3% TiO, doped samples, respectively. Although TiO, is the
additive having the highest density, it has a good distribution since it has the

Figure 1. Silicone molds for sample production and produced samples.
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Figure 2. Flexural strength of samples.
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Figure 3. Flexural stiffness of samples.

smallest grain size and this is seen from the strength results. The highest strength
value is obtained from 5% SiO, doped composite material. This was followed by
3% SiO, doped sample, 5% TiO, and 3% TiO, doped samples. Although TiO, is
the additive having the highest density, it has a good distribution since it has the
smallest grain size and this is seen from the strength results. Some precipitation
was observed when the Al,O, powders were mixed into the epoxy resin and al-
lowed to cure. In the case of the samples produced with MgO powders, on the
contrary, the accumulation of the powders on the surface was observed. Al-
though they do not show a good distribution, the introduction of hard particles
into the system increased the strength, but not as much as the well dispersed
SiO, and TiO, supplements. This increase shows that bonding between the rein-
forcing particles and the matrix material has been formed to transmit the exter-
nal charge [15] [16].

Flexural modules of the samples are given in Figure 3. When the graph is
examined, it is seen that the additives nearly double the flexural modulus com-
pared to pure epoxy. There was no significant difference between the modules
obtained as a result of 3% and 5% additions by weight. The highest result is seen
in the sample with 5% MgO added, but all results are close to each other. In-

creased interface with reinforcing particles increased bending modules [5].
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2.2.2. Impact Test

Impact toughness of the composites was determined by Charpy Impact Device.
The Charpy impact test is one of the most effective impact tests that assess the
behavior of a material subjected to dynamic loads. For the Charpy impact test,
samples were prepared unnotched because epoxy is already a brittle material.
Figure 4 gives the results of toughness obtained. When the graph is examined, it
is seen that 5% TiO, doped sample gives the best impact toughness result. The
test results show that the smallest TiO, particles exhibit a good dispersion and
increase impact toughness. When SiO, doped samples were compared with TiO,
doped samples, it was seen that grain size was a more important factor for im-
pact toughness. TiO, reinforcement with high density but lower grain size gave
better results in impact test.

Bending strength and bending stiffness were still increased in Al,O, and
MgO-reinforced samples that could not be produced homogeneously. However,
the impact toughness results are reduced when compared to pure epoxy. If ho-
mogeneous mixing is not effective in particle-reinforced composite materials,
the particle agglomerates remaining as stress concentrators in the matrix may
act as notches. If the particles act as strong stress points, the impact energy of the
epoxy matrix is expected to decrease as more particles are added [7]. This was
observed in Al,O, and MgO added samples. Precipitated Al,O, and floating
MgO particles decreased the impact toughness of epoxy.

2.2.3. Hardness Test
Hardness is considered one of the most important factors affecting the abrasion

resistance of any material. In this study, the hardness (Shore D) values of epoxy
composites reinforced with 3% and 5% hard ceramic particles were obtained and
compared with pure epoxy. An average value was determined by taking 10 mea-
surements from each sample. The obtained hardness values are given in Figure
5. The results show that the incorporation of rigid reinforcing elements into the
epoxy resulted in a significant improvement in the hardness of the composites.

The mechanical properties of particle reinforced composites generally depend
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Figure 4. Impact strength of samples.
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Figure 5. Hardness of Shore D results.

on factors such as reinforcing content, particle size and shape, the degree of

bond between the filler and the polymer matrix, and the distribution of the filler

in the matrix. The improvement in hardness is due to the presence of hard par-

ticles on the surface of the epoxy matrix and a sufficient dispersion. While the

well distributed SiO, and TiO, additives increased the hardness value along the
surface, the poorly distributed AL,O, and MgO additives caused the surface

hardness to be variable and as a result the average hardness was low.

3. Results

In this study, Al,O,, SiO,, TiO,, and MgO doped epoxy composite materials
produced and investigated mechanical properties of them to determine which
reinforcement material caused better mechanical properties.

As a result of bending test, all reinforcement materials increased flexural
stiffness and modulus. Flexural strength increased as the amount of additive
increased but there was no significant change in the modules with the in-
crease in the amount of additive.

The best results in flexural strength and modulus are obtained from 5% SiO,
additive. This was followed by 3% SiO, doped sample, 5% TiO, and 3% TiO,
doped samples, respectively. Although TiO, is the additive having the highest
density, it has a good distribution since it has the smallest grain size and this
is seen from the strength results.

According to impact test TiO, particles increased the impact toughness. Small
and well dispersed grains are prevented crack formation.

The hardness results show that the incorporation of rigid reinforcing ele-
ments into the epoxy resulted in a significant improvement in the hardness
of the composites. While the well distributed SiO, and TiO, additives in-
creased the surface hardness, the poorly distributed Al,O, and MgO additives

reduced.

4. Conclusions

ALOQ,, SiO,, TiO,, MgO additives improved the flexural strength and flexural
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modulus of epoxy composite material. However, one of the most important fac-
tors affecting the mechanical properties of particle reinforced composite mate-
rials is distribution [11] [14]. The good dispersion of low density SiO, in the re-
sin increased the flexural strength and modulus. The same effect was also seen in
hardness results. When we look at the impact results, we see that grain size has
gained importance with good distribution. The TiO, additive, which has a small
grain size and is well dispersed, increased the impact strength, while the addi-
tives that are not well dispersed and which are large grain size decreased the im-
pact strength.

This study showed that while additives that are well distributed for flexural
strength, modulus and hardness give better results, when it comes to impact

toughness, the grain size of the additive has also gained importance.
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