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Abstract

In this study, Al-2011 alloyed and Al2O3 particle-reinforced metal matrix
composite (MMCs) were produced by using the Vortex method. Immediately
after pouring composite to the mold and before full solidification, the poros-
ity inside composite has decreased to accepted values by applied pressure.
Product-composites were produced with approximately 8, 16, and 24 vol%
Al2O3 particles. The effects of casting temperature were investigated on pro-
duction of MMCs at targeted particle ratios. In addition, the effects of increased
particle ratio to hardness were tested. According to the results of experiments,
when casting temperature changes, the particle ratio of product-composite and
rest-composite (the composite that remains at the bottom of pot after casting)
also changes. As the difference between casting temperature and proper casting
temperature grows, the difference between those rates increases. Moreover,
it can be clearly seen that the increasement at composite’s particle ratio also
cause to an increase at hardness.

Introduction

Production of MMCs by the Vortex method

At present, conventional materials cannot meet the
superior engineering material necessities of rapidly
developing technologies. As a result of recent studies,
there is a great demand on composite materials due
to developments on their properties.1,2 After these
studies, a lot of improvement has been achieved on
composite materials’ many properties such as tensile
strength, elastic modulus, toughness, creep, fatigue,
and wear.3,4 The production of composite materials
is based on the combination of different materi-
als’ superior properties depending on requirements.
When the low density, ductility, and toughness of
alloy and high strength, elastic modulus, and hard-
ness properties of ceramics such as Al2O3 or SiC
are combined in a composite material, extremely
important engineering materials that have tribological
properties, which also includes abrasive wear, were
produced.5,6

In comparison, as a reinforcing material, fibers are
more expensive than particles and show anisotropic
properties. Therefore, the usage of particles on devel-
oping composite materials has increased and generally
Al2O3 and SiC ceramic particles are being used.7 Al
alloys are preferred as matrix because of their chem-
ical and physical suitabilities with these particles.8

However, due to some problems encountered in the
production of particle-reinforced MMCs, the produc-
tion method is still under development.9 The most
suitable one of many production methods is the
Vortex method that is obtained by mixing ceramic
particles into molten metal as supplement mate-
rial as shown in Fig. 1. This method is one of the
most common methods that is used in the produc-
tion of MMCs.10 In order to produce superior MMCs
with the Vortex method, parameters such as mix-
ing ability, reinforcing speed, mixing time, mixing
temperature, and casting temperature must be deter-
mined precisely. Parameter errors cause problems
such as high porosity, particle flocculence, and particle
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Figure 1 The view of compositematerial production ovenwhich is used

for the Vortex Method.

sedimentation.10,11 One of the most important prob-
lems encountered in the production of MMC is that
ceramic particles are not heated enough with the use
of liquid metal.12 Another problem is the tendency
of particles to remain on the surface of liquid metal
or sinking to the bottom depending on the value
of density difference for liquid metal and particles.8

To improve wettability, some methods such as coat-
ing particle surface, increasing the heat of liquid
metal, or oxidation of particles with heat treatment
are used.9 To reduce density difference, the den-
sities of matrix and particles are approximated to
each other by adjusting the casting temperature.
At the same time, this provides a more homo-
geneous distribution of particles inside the liquid
matrix by causing a difference in viscosity of molten
metal.

In this study, MMCs were produced by reinforcing
Al2O3 particles inside Al-2011 alloy at 8, 16, and 24
vol% Al2O3-32 μm particle size by using the Vortex
method (Fig. 1). The composite that has 16% Al2O3

can be seen in Fig. 2.
Soon after pouring the composite to the mold,

porosity values are reduced to acceptable values by
applying pressure with press before the composite
completely solidifies. Also, the rest-composite, which
remained at the bottom of pot, was produced by
pouring on the mold.

Figure 2 The SEM picture of composite that have Al-2011 matrix and

16% Al2O3 particles.

Determination of casting temperature

One of the most important parameters for production
of MMCs with the Vortex method is casting tem-
perature. It is not possible to produce proper MMCs
when the casting temperature is not suitable for pro-
duction. After obtaining homogeneous distribution
of mixing particles inside melted alloy, the parti-
cles precipitate to the bottom of pot because of the
difference of density during the casting process to
the mold. When the casting temperature deviates
from appropriate values, the average density differ-
ence between product-composite and rest-composite
increases. In order to decrease the density differ-
ences between produced composite and the ones
that remain at the bottom of the pot, the most suit-
able casting temperature must be defined to produce
MMCs that contain particles at the targeted ratio. Cor-
rectly defined casting temperature makes the density
of matrix and particles more close because of the
difference of thermal expansion coefficient. At the
same time, by causing changes on viscosity of molten
metal, particles’ precipitation could be measured at
the bottom inside liquid matrix or at least this can
decrease the precipitation speed of particles at the
bottom of the pot. This situation can give the oppor-
tunity to produce MMCs composite at aimed ratio
of particles by decreasing the density differences of
product-composite and the composite that remain at
the bottom of the pot.

Determination of hardness values

Brinell hardness measurements of MMCs, which
is Al2O3 particle reinforced at different volume
ratios and Al-2011 alloys, were done by using
2.5-mm-diameter ball and 187.5 kg applied load.
Eight different treatments were tested for each sam-
ple, and their average was taken as hardness value.
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Table 1 Density values of composites that is produced at different casting temperatures

Casting temperature, 680◦C Casting temperature, 690◦C Casting temperature, 700◦C

Materials dteo dpc dpbc dpc dpbc dpc dpbc

8% Al2O3 2.84416 2.818367 2.848964 2.816761 2.853769 2.817406 2.85185
16% Al2O3 2.94032 2.877772 2.949933 2.874562 2.959548 2.875847 2.955705
24% Al2O3 3.03648 2.907574 3.066702 2.908029 3.065326 2.909951 3.059554

Results and Discussion

The effect of changing casting temperature on
particles ratio of product-composite

In this study, 8, 16, and 24 vol% Al-2011 alloyed
Al2O3 particle-reinforced MMCs were produced
for 680, 685, and 690◦C casting temperatures at
500◦C molding temperature. Theoretically, product-
composite and the composite that remained at
the bottom of the pot densities of alloys and
composites are given at Table 1 for each casting
temperature.

As can be seen from Fig. 3, when the casting
temperature increases, the particle ratio of rest-
composite also increases and each of them had more
particle ratios than the targeted composite-particle
ratio (8, 16, and 24%). It is thought that this reduction
is due to the presence of composites that have less
particle ratio at the top of the pot during the casting
process, and this situation was caused by the increase
of sedimentation rate at the bottom of pot as a result of
the casting temperature. This difference was increased
more when the casting temperature also increased.
When the particle ratio of the composite that is desired
increases, the difference between the particle ratio of
rest-composite and targeted composite also increases.
The reason for this increase is related to the increase
in the number of precipitated particles per unit time
depending on the targeted composite’s particle ratio.
Also, the route is thought to be increased during the
precipitation of particles.

In Fig. 4 when the casting temperature is increased,
ratios of particle are decreased. Each of particle
ratios of product-composite is less than targeted
ratio of composite (8, 16, and 24%). It is thought
that this reduction is because of composites that
have less particle ratio at the top of pot during
casting process, and this was caused by the increase
of sedimentation rate to the bottom of pot as a
result of casting temperature. This difference has
increased more according to the casting temperature’s
increasement.

Divergences of particle ratio of product-composite
and rest-composite that belong to different com-
posites are shown in Fig. 5 at various temperature.

Figure 3 Particle ratios of produced rest-composites at different casting

temperatures.

Figure 4 The particle ratios of product-composites that was produced

at different casting temperatures.

Figure 5 shows that differences of between particle
ratios of product-composite and rest-composite have
been increased as long as the casting temperature
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Figure 5 The particle ratio differences of composites, which is targeted

to produce as rest-composite and product-composite at different

temperatures and ratios.

is increased. For instance, differences between par-
ticle ratios of product-composite and rest-composite
included 16% Al2O3 particle is approximately 0.3%
at 680◦C, 1.1% at 690◦C, and 1.9% at 700◦C. At
the same time, when particle of the required pro-
duction composite, differences of particle ratios of
product-composite and rest-composite is increased. If
we examine this result at 700◦C, when the particle
ratio of required composite is 8, 16, and 24%, dif-
ferences of particle ratios of product-composite and
rest-composite are, respectively, approximately 1.9%,
3.8%, and 5.7%.

The effect of particles ratio on hardness of composite

Figure 6 shows that change of hardness of Al-2011
matrix and particle ratio of different Al2O3 compos-
ites. Hence, the hardness of composite is increased

Figure 6 The change of hardness with changing particle ratio of Al2O3

in Al-2011 matrix is shown.

when volume ratio of particle is raised. Compared to
the hardness of material of matrix, the hardness of
MMC is far greater.

Conclusions

In this experiment, it was seen that the product-
composite particle rate was below the targeted com-
posite particle rate. In addition, it was observed that
the rest-composite’s particle rate was higher than
that of targeted composite under the same condi-
tions. As the casting temperature is increased, the
difference between rest-composite particle rate and
product-composite particle rate also increases. Con-
sidering these results, it can be concluded that in
order to produce the composite that has the closest
possible composite particle rate to targeted composite
particle rate, the most appropriate casting tempera-
ture should be determined. In order to reduce the
difference between ratios of these two composites
and produce the composite that has targeted particle
ratio, suitable casting temperature must be deter-
mined. Moreover, observed in this study, hardness
of the composite is much greater than hardness of
the matrix. In addition, as long as particle ratio of
composite is raised, hardness is also increased.
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