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Abstract:

Aluminum matrix composites (AMCs) are potential materials for various applications due to their good physical
and mechanical properties. The properties are improved over the conventional Al- alloys by adding reinforcements.
There are various types of reinforcements like fibers, whiskers and particulates. Among these, ceramic particulates show
much improved mechanical properties. This paper overview the effect of reinforcement of ceramics particles SiC and
Al2O3on mechanical behavior of Al-metal matrix composites (MMCs).

1. Introduction:

Metal Matrix Composites (MMCs) are
being increasingly used over other conventional
materials in the field of aerospace, marine and
automobile industriesowing to their enhanced
properties such as elastic modulus, hardness,
tensile strength at room and elevated temperatures
combined with significant weight savings[1-4]. Al,
Mg and Ti alloys are the commonly preferred
metallic matrices in the production of MMCs. The
reinforcements being used are fibers (short and
long), whiskers and particulates [5]. The main
advantage of particle reinforced composites is its
production cost over the other composites [6].
Aluminum and its alloys have attracted most
attention as the base metal in Metal Matrix
Composite production [7]. For AMC (Aluminum
Metal Matrix Composites) SiC and Al2O3 are
widely used particulate reinforcements. Even

though other reinforced particulates (like C, TiO2,
B, BN, B4C, TiB2, Cu) are also in use, SiC and
Al2O3 are of interest in the present paper.

The properties of the SiC and Al2O3

ceramic particulate reinforced Al-alloy composites
can be tailorable and led to the new generation
engineering materials [8, 9]. The properties of the
composites can be varied by varying the type and
size of the reinforcement and the also the nature of
the bonding [10-12]. The techniques used to
develop the composites are stir casting, squeeze-
casting, powder metallurgy, plasma spraying and
spray atomization and co-depostion. The liquid
metallurgy technique has been extensively used
these days. Therefore the present paper brief the
studies conducted by several researchers on
particulate Al metal matrix composites.
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Properties of Composite Materials

The structural arrangement and the
interaction between the constituents are of prime
importance to predict the behavior and properties
of the composites. The factors that determine the
properties of the composites are volume fraction,
microstructure, homogeneity and isotropy of the
system and these are strongly influenced by
proportions and properties of the matrix and the
reinforcements. The properties such as Young’s’

modulus, shear modulus, Poisson’s ratio,
coefficient of friction and coefficient of thermal
expansion are predicted in terms of the properties

and concentration of the matrix and the
reinforcement. The most commonly used approach
is based on the assumption that each phase
component is subjected to either iso-stress or iso-
strain condition.

2.Physical Properties

The physical property that reflects the
character of the composite is the density. The
composite can be expressed as the proportions of
matrix and the reinforcement in weight fraction
(w) or volume fraction (v). The latter is commonly
used in property calculations whereas the former is
used in the fabrication of the composites. By
relating weight and volume fractions via density
(ρ), the following expression is obtained (m stands
for matrix and r stands for reinforcement material):

The above expression can be generalized
and the general form is known as law of mixtures
and is written as

As per ASTM:D 792-66 standard, the
density of a composite is obtained by displacement
technique[22] using physical balance with density
measuring kit. Further, it is also calculated from
porosity and apparent density values.

The results of the several researchers
regarding the density of AMC reinforced with
SiC/Al2O3 particle can be summarized as follows:
the density of the composites are enhanced when
the SiC/Al2O3 particles are reinforced with the
matrix materials compared with the base metals.
Moreover, the measured density values matches

with the theoretically calculated density values of
the composites. Miyajimaet.al., [5] reported that
the density of Al2024-SiC whisker reinforced
composites is less than that of Al2024-SiC particle
composites for the same amount of volume
fraction. The reason for the increase in density of
the composite is that the density of the ceramic
particles are higher than the matrix materials.

The increase in volume fraction of these
practices increase the density of the composites,
the above discussions can be reasoned to the fact
that the ceramic particles possess higher density.
They also stated that the measured density values
of theses composites match with the theoretical
values.

To support the above findings, two
composites were taken to study the density. The
Al6061-SiC and Al7075-Al2O3 particulate
reinforced composites were developed by stir
casting method (liquid metallurgy technique). The
density of these two cast alloy and composite
specimens were measured by two methods, i.e.
weight to volume ratio and by the rule of mixture,
and the results are shown in the Figures 1 and 2.
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Figure 1. Theoretical and Experimental Densityof Al6061-SiCComposites.
Figure 2. Theoretical and Experimental Densityof Al7075-Al2O3 Composites

.
From the above figures, it can be observed

that the density of the composite is higher than the
base matrix material. Also, the density of the
composites increased with increase in the
reinforced material. Further, the experimental
andtheoretical density values are in line with each
other. The increase in density of composites can be
attributed to higher density of reinforcement
particles.

3. Mechanical Properties
3.1 Tensile strength

The   reinforcement structure and
properties control the mechanical properties of the
composites.  Several researchers proposed the
modified rules of mixture in predicting the upper
and lower bound values of the modulus and the
tensile strength of the composites. An optimized
mechanical properties may be achiever, if the
MMCs are processed with a controlled gradient of
reinforcing particles and also by adopting a better
manufacturing method.

There is no clear relation between the
mechanical properties of the composites, volume
fraction, type of reinforcement and bonding
between the reinforcement and the matrix. But it is
believed that the reduced size of the reinforcement
particles, improve the strength of the

composites.The increase in elastic modulus and
strength of the composites are reasoned to the
strong interface between the reinforcement and the
matrix that transfers the load from matrix to the
reinforcement.

Further, the better dispersion of the
reinforced particle in the matrix and strong
interface bond (wettability) can enhance the
strength of the composites. The wettability can be
increased by preheating the reinforcement before
mixing with the matrix.
The strength of the composites are found to
increase at the cost of decrease in ductility.
BalasivanandhaPrabhuet et al., analyzed the
influence of stirring time and speed on the
distribution of reinforced particles in the
matrix[13].  The analysis revealed that in current
conventional stir casting techniques, lower stirring
speed and time produces the particles clustering in
some areas which results in decreased ductility.

3.2 Hardness:
Hardness is defined as the resistance to

indentation. Among various hardness measuring
instruments, Brinell’s, Rockwell’s and Vicker’s
hardness testers are significant. The low aspect
ratio particle reinforcements are of much
significant in imparting the hardness of the
material than the other types of reinforcements
(the hardness of fiber reinforced MMC < whisker
reinforced MMC < particle dispersed MMC).
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The particulate reinforcements such as
SiC, Al2O3 and aluminide [14-16] are generally
preferred to impart higher hardness to the
composite. The coatings of reinforcement with Cu
and Ni, also leads to increase in wettability
characteristics and hence contribute in improving
hardness. The hardness to weight ratio is
significantly improved by adding TiC
reinforcement in Al matrix and also imparts
thermodynamic stability to the composites [17-19].
Hutchings [20] and Lloyd et.al., [21] explored the
significance of hard ceramic particles in increasing

the bulk hardness of Al-MMCs. Howell et.al. [22]
and, Vencl et.al.,[23], experiments suggests that
increase in particle volume fraction  improves of
hardness of the composites. Wu [24] and Deuis
[25] attributed this increase in hardness to the
decreased particle size and increased specific
surface of the reinforcement for a given volume
fraction. Deuiset.al., concludedthat the increase
inthe hardnessof the composites containing hard
ceramicparticlesnot only depends on the size
ofrein-

forcement but also on the structure of the
composite and wettability [25]. The micro-
hardness is a direct, simple and easy method of
measuring the interface bonding strength
(wettability) between the matrix and reinforcement
[26]. Particle reinforced composites possess better
plastic forming capability than that of whisker or
fiber reinforced composites [6]. Moreover, these
composites exhibit excellent heat and wear

resistances due to the superior hardness and heat
resistance characteristics of the particles that are
dispersed in the matrix [27-29]. Subramanian [30]
incorporated Silicon in Al-alloys and concluded
that the higher wt.% of Si improves the hardness
of the composites and increased particle size
improves the load carrying capability of the
composites [31]. The heat-treated alloy and
composite exhibits better hardness [32-34].

Figure 3. Variation of Vicker’s Hardness of
Al6061-SiC and Al7075-Al2O3 Composites.

Figure 4. Variation of Brinell’s Hardness of
Al6061-Al2O3 and Al7075-SiC Composites.

The composites developed (as explained
above) were subjected to hardness test using the
Vicker’s and Brinell’s hardness testing machines.
From the Figures 3 and 4, it can be observed that
the hardness of composites were greater than that
of its base alloy. Further, the hardness of the
composite is found to increase with increased
reinforcement content.

4. Conclusions:

Among many ceramic materials, SiC and
Al2O3are widely in use, due to their favorable
combination of density, hardness and cost
effectiveness. When these reinforcements are
combined with Al-MMCs, the resulting materials
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exhibits significant increase in its elastic modulus,
hardness, strength and wear resistance.
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