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Abstract -- The use of suitable waste products as raw materials has become an interesting matter in
composite industry nowadays due to the environmental issues. Volcanic ash is one of the waste
materials containing a high number of silica. The aim of this study is to examine the morphological and
mechanical properties of Mt. Kelud volcanic ash reinforced polyester and epoxy composites. The volcano
ash was dried and sieved into 50 mesh then mixed with polyester or epoxy manually for 10 minutes. The
ash added into the matrix was varied by 0%, 10%, 20%, 30% and 40% from matrix volume content. For
epoxy matrix, the composite with 40 vol. % particles has the highest tensile strength. However, for the
polyester/ash composites, the tensile strength continues to decrease with the addition of particles. There
is a significant increasing of 47.04 % for polyester and 5.62 % for epoxy in impact strength when 40 vol.
% of volcanic ash added into both polymers. The Scanning Electron Microscopy result shows that there
is void and agglomeration contained in epoxy/ash composites and crack propagation along the surface

of polyester/ash composites that could be the cause of the failure.
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1. INTRODUCTION

Nowadays, the use of particulate reinforced
composites has been growing interest in many
varying applications. The difficulties of the
fabrication of fiber reinforced composites which
have the high costs sometimes limit their use in
many applications.  Particulate  reinforced
composites can be thought as an alternative. Their
advantage is the low cost and easily processed
that could improve the stiffness, strength and
fracture toughness. The addition of solid particles
could improve the mechanical properties of the
composite material, compared to the polymer
material alone. Numerous studies have been
published in recent years focusing on the use of
silica and other particles as reinforcing agents in
polymers [1-5].

Adhesive bonding is one of the most used
techniques for joining materials latetly. Adhesives
can join a wide range of materials (polymers,
ceramics, and metals) and the combinations of
them [6], [7]. The adhesives are widely used in
industry where epoxy resin is the most common
structural adhesives used due to their good
mechanical, thermal and chemical properties [6].
Because of the high modulus of elasticity and
strength, low creep, and good thermal strength,
epoxy microstructure is very useful for
applications in structural engineering [7], [8].
Nevertheless, the structure of these thermoset
polymers also causes brittleness, with a low
resistance to the initiation of cracks and their
propagation [9], [10]. Toughening of these
adhesives has been widely studied in the past
forty years, and nowadays represents a large field
of scientific and technological concern [11-15].
There are some solutions available to improve the

mechanical properties of brittle adhesives, like the
inclusion of particles, inorganic or organic [16],
[17].

Since the 19t century some particles such as
carbon black, silica, clay, etc. have been important
reinforcing factors for polymers. Silica has
attracted considerable attention recently due to
the alternative non-black reinforcing filler that can
be used to produce wide range of products with
excellent control of vibrations and noise. Silica,
however, is less compatible with some polymers
and small-sized silica is difficult to disperse.
Therefore, an understanding of reinforcing is
critical to maximize the potential of silica as
reinforcing filler and expand the applications of the
polymers [18].

The disadvantage of thermosetting resins is
their poor resistance to crack growth, but inorganic
particles have been found to be effective in
toughen the thermosetting resins. Although they
do not increase the toughness as significantly as
rubber particle inclusions, they increase the elastic
modulus and hardness much better than rubber
particles. In contrast, most studies on
thermoplastics filled with rigid particulates
reported a significant decrease of fracture
toughness compared to the neat polymers.
Enhancement of impact properties of some
pseudo-ductile polymers by the introduction of
inorganic particles has also been achieved.

A number of researches have evaluated the
dependence of the mechanical properties of
particulate  reinforced polymer composites,
including strength, toughness, rigidity, wear
properties, etc., on the particle size and particle
spatial distributions. Recently, a researcher [2]
reviewed the effects of the particle size,
particle/matrix interface adhesion and particle
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loading on the stiffness, strength and toughness of
particulate-polymer composites by comparing the
published experimental results with theoretical
models. They stated that the composite strength
and toughness are strongly affected by all three
factors: particle size, particle/matrix adhesion, and
volume content. The mechanical properties of
particulate reinforced elastomer composites are
also affected by three factors. Since Hall-Petch
[19] reported that the strength of metals and
composites was dependent on d-1/2 (where d is
the diameter of particles), many studies have been
performed analytically and numerically to predict
the strength of particulate reinforced polymer
composites [20-22]. In general, hard particles in
particulate reinforced polymer composites have
two effects: weakening due to stress
concentrations and reinforcing due to crack
growth barriers. Even though in many studies, a
prediction of the strength of these materials is
difficult because of a range of parameters, such as
interface adhesion, stress concentration and
defects or cluster sizes, and their spatial
distribution, etc., there is no universally accepted
theory to predict the strength of particulate
reinforced polymer composites.

Using suitable waste products as raw
materials has become an interesting matter in
composite industry recently due to the
environmental issues, cost reduction and energy
saving. Besides, the composition of these waste
materials is similar with the natural raw materials
when used in composite or ceramic applications
[23]. Volcanic ash is one of the waste materials
that containing a high number of silica and
alumina [24]. Some researchers have reported
about the improvement of the addition silica into
polymers [25-27]. Therefore, the objective of the
present study is to investigate the morphological
and mechanical properties of Mt. Kelud volcanic
ash reinforced polyester and epoxy composites.

2. EXPERIMENTAL METHOD

The volcano ash, which is from the eruption of Mt.
Kelud, was dried and sieved into 50 mesh using
vibrating screener at Mechanical Engineering
Department Gadjah Mada University. The sieved
volcanic ash then mixed with polyester or epoxy
manually for 10 minutes. For polyester, the ash
was blended with the curing catalyst, methyl ethyl
ketone peroxide (MEKP), at a concentration of
0.01 w/w of the matrix, supplied by Sigma-Aldrich.
For the other type of matrix, Epoxy resin Bakelite
EPR 174 and hardener Versamid 140 were
supplied by Sinar Kimia Corp., Indonesia with the
ratio of 2:1. The mixing process was the same with
polyester. The ash added into the matrix was
varied by 0%, 10%, 20%, 30% and 40% from
matrix vol. content. The mixtures then poured into
the mold and were allowed to cure for 15 days at

room temperature inside the mold. The plates
were kept in open air for 15 days to obtain a
complete polymerization of the polymers. The
specimens were then cut from the plates using a
saw based. The dimensions of the manufactured
plates are 200 x 200 x 4 mm.

The tensile specimens were evaluated using
an ultimate tensile machine (Torsee AMU-5-DE)
according to the ASTM D638-91 standard at the
specified loading rate of 10 mm/min. The
composite specimens were tested to failure and,
the average value of 5 tensile-tested specimens
was reported for each sample. Fracture surfaces
of tensile test specimens were examined by
scanning electron microscope (JEOL 7800F
SEM), operated at 5 kV, to investigate the effects
of particles on fiber—matrix interfacial adhesion.
The Charpy impact test was conducted to
determine the impact resistance of material and
the energy absorbed by the material during
fracture according to the ASTM D790-02
standard.

3. RESULTS AND DISCUSSIONS

There are some studies that have been conducted
on the mechanical properties of the particulate-
filled polymer composites [16], [18]. Tensile and
impact strength can be improved by adding either
micro- or nano-particles since rigid inorganic
particles generally have a much higher stiffness
than polymer matrices. The mechanical properties
depend on the particle geometry, shape, size
distribution and porosity, as well as on the nature
of the polymer/filler interaction. However, strength
strongly depends on the stress transfer between
the particles and the matrix. For well-bonded
particles, the applied stress can be effectively
transferred to the particles from the matrix; this
clearly improves the strength. It is then expected
that high-volume fractions of particles will lead to
composites with higher tensile strength, compared
with the unfilled material.

The effect of the particle volume fraction on
the tensile properties of epoxy/volcanic ash and
polyester/volcanic ash is shown in Fig. 1. It is seen
that the optimum tensile strength is obtained when
10 vol. % volcanic ash is added into the polyester
matrix and 40 vol. % for epoxy matrix. However,
the addition of the ash is decreased the tensile
strength of polyester matrix. This could be
because of some factors, such as the uneven
distribution of particles, porosity, void and
particle/matrix interface adhesion. For poorly
bonded micro-particles, strength reductions occur
by adding particles. The voids are weak points
where failures initiate. Poorly wetted filler surfaces
and air entrapment in the mixture lead to the
creation of voids around the particles. When the
material is under stress, it will reduce its strength.
On the other hand, it could be said that the
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epoxy/volcanic ash has better stability than the
polyester/volcanic ash in term of the tensile
properties. There is slightly different result with the
tensile strength of epoxy/ash composites. The
strength decreases at first then increases
gradually. The improvement of the maximum
strength (40% vol. content of ash) is 1.87% if
compared with the unfilled materials. It could also

be seen from the figure that the trend between
polyester/ash and epoxy/ash is almost the same.
When added the 10 vol. % until 30 vol. % particles
into both polymers, the strength tends to decrease
and increase again when 40 vol. % particles was
added.
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Figure 1. Effect of Mt. Kelud volcanic ash addition on tensile strength of polymer composites
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Figure 2. Effect of Mt. Kelud volcanic ash addition on impact strength of polymer composites

The properties of the reinforced adhesive are not
only based on the properties of adhesive matrix or
reinforcing particles, but also the other parameters
that contribute to the toughness process, which
largely influence the outcome of the composite
material. The parameters considered in this
research are the volume fraction (amount) of
particles. The amount of particles dispersed in a
structural adhesive matrix is a very important
parameter in the toughening properties of the
adhesive [28-31]. The volume of particles is
directly related to the nature of the particles and
their mechanical properties, so it is crucial have
full knowledge of the particles nature and
properties. Typically, for ductile particles, the
critical strain energy release rate raise very slowly
with the increased volume fraction and then
reaches a plateau value [32] and [33].

Toughness can be described as the
resistance of the material to fracture when
stressed, or could be said that, the ability of a
material to absorb energy and plastically deform
without breaking. Toughness is one of the main
aspects that determine the strength of materials.
The assessment of toughness of an epoxy
reinforced with particles can be made by using
impact toughness test which results could be seen
in Fig. 2. It could be concluded that the optimum
particle content for both matrices is 40 vol. %.
Impact strength of epoxy/volcanic ash and
polyester/volcanic ash is way better than that
unfilled materials but the impact strength of
polyester is higher than the epoxy. A major
percent increase of 47.04 % was achieved when
40 vol. % of volcanic ash particles were
incorporated. This behavior was attributed to the
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cross-linked effect within the polymer. The
mechanical properties of polymers are often linked
directly to its crosslink density. Some changes in
crosslink density invariably lead to changes in
mechanical ;r)roperties. VYhen perfectly disp&r’sed

3 X J K
Nig

and wetted in the matrix, filler particles can
maximize the possible attachment points with the
polymer, that is the apparent crosslink density of
the matrix, and then maximize the hardness and
modulus [34].'i

on: (a) polyester matrix with 10 vol. % volcanic ash, (b) epoxy matrix with 40 vol. % volcanic ash

Scanning electron microscopy (SEM) is the
most common methods used in the morphology
evaluation. From SEM Micrograph of epoxy/ash
and polyester/ash (Fig. 3a), it is seen that there
are some voids (arrow sign) contained in the
composite of epoxy/ash. This result supports the
tensile result that there is the decreasing of tensile
properties of material with the addition of the
particles. There is also agglomeration (circle sign)
found in the surface morphology of epoxy/ash
composite. Agglomeration is the particles that
stick to each other in adhesive due to chemical
binding, surface energy reduction or particle
segregation. It leads to a non-homogeneous
behavior and lower macroscopic mechanical
properties. Particle clusters act as crack or
decohesion nucleation sites at stresses lower than
the matrix yield strength, causing the composite to
fail at unpredictable low stress levels [35]. The

polyester/ash fracture (Fig. 3b) shows that the
brittle morphology found in the surface and the
crack propagated along the surface. This crack
could lead into the material failure if working under
stress.

4. CONCLUSIONS

In general, the mechanical properties of epoxy or
polyester resin increased by adding volcanic ash
that contains silica particles. For tensile test, the
epoxy/ash composites with 40 vol. % particles has
the highest tensile strength compared with the
other variations. However, for the polyester/ash
composites, the tensile strength continues to
decrease with the addition of particles, which
could be caused by some factors: uneven
distribution of particles, porosity, void and the
surface adhesion between particles and matrices.
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It is different with the results of the impact test.
There is a significant increasing of 47.04 % for
polyester and 5.62 % for epoxy in impact strength
when 40 vol. % of volcanic ash added into both
polymers. This behavior was attributed to the
cross-linked effect within the polymer that could
enhance its properties. The SEM Micrograph
result shows that there are voids and
agglomeration contained in the epoxy/ash
composites that could be the cause of the failure.
There is also crack propagation along the surface
of polyester/ash composites, which contributes to
the failure mechanism of polyester reinforced
volcanic ash particles composites.
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