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Venkataraman et al. [6] had experimentally studied the sliding
wear behaviour of Al-SiC Particulate
composites that the
mechanically mixed layer reduces the wear rate due to the
addition of silicon carbide particles. Song et al. [7] had
reported that the wear resistance of aluminium hybrid
composites with increase in volume fraction of carbon fibre.
They also observed that good bonding between reinforcement
and matrix which was achieved through uniform distribution of
reinforcements by squeeze casting method. The wear resistance
of aluminium hybrid composite can be further increased by
adding carbon fibre which act as lubricant. Jinhai et al [8]
investigated a new kind of hybrid metal matrix composite,
composed of pure magnesium mixed with hybrid reinforcement
of SiC particulates and short fibres of Al2O3SiO2 (mullite).
Though pure magnesium exhibits very high damping capacity
compared with other commercial metallic materials, it has poor
mechanical properties. The investigation revealed that the
tensile strength of hybrid metal matrix composite with 8% and
18% volume of hybrid reinforcement with pure magnesium had
improved tensile strength of 110% and 170% respectively but
there was reduction in damping capacity of magnesium. Kim et
al. [9] had investigated in fabrication of aluminium alloy matrix
composite with carbon nanotubes (CNTs)/Al2O3 hybrid
reinforcements that CNTs was well dispersed in the matrix due
to the array of Al2O3SF. The compressive strength of hybrid
metal matrix composite is increased by the addition of Al2O3SF.
Babu et al. [10] had experimentally found in wear behaviour of
aluminium based hybrid composites with graphite nanofiberalumina fiber that the wear loss and coefficient of friction were
low due to the presence of 15% volume of Graphite nanofiber
with alumina in metal matrix. But at 20% volume of graphite
nanofiber with alumina the mechanical properties were
improved due to non-wettability of GNf with alumina fiber in
metal matrix.

Abstract
The present paper is aimed to analyse the mechanical properties
of stir casted aluminium hybrid composite materials.
Aluminium Composite is selected as material because of its
high strength to weight ratio and wide usage in engineering
applications. The aluminium alloy is to be reinforced with
alumina and silicon carbide particles to improve the strength by
reducing the dislocation movement. Aluminium alloy and
hybrid metal matrix composite with varying proportions of
alumina and silicon carbide reinforcements were fabricated by
stir casting method. Aluminium with 6% Al2O3 and 6%SiC
have maximum yield strength of 70 MPa and ultimate strength
of 92 MPa when compared with other percentage of
reinforcements. The various characteristics such as hardness,
tensile strength, wear resistance and micro structure
are
analysed and compared the mechanical properties of
aluminium alloy and hybrid aluminium composites.
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1. INTRODUCTION
Hybrid metal matrix composites (HMMCs) is the combination
of two or more reinforcement particles with base metal. Metal
matrix and reinforcements with different Properties when
combined will refine the overall mechanical properties [1].
Radhika et al. [2] experimentally analysed the wear behaviour
of aluminium Hybrid composites with addition of
reinforcement (alumina and graphite). It was observed that the
tensile strength and shear strength of HMMCs is increased 32%
and 25% respectively when compared with unreinforced
aluminium alloy due to the enhanced properties of
reinforcements. Wear rate is also reduced for HMMCs when
compared with unreinforced aluminium alloy because of
presence of solid lubricant-based graphite particles. Arun et al.
[3] had studied the tribological characteristics of HMMCs with
graphite as reinforcement. It was reported that the strength and
hardness were improved by the addition of alumina particles
which arrest the dislocation movement when compared with
unreinforced aluminium. Wear rate also decreases with
increase in weight fraction of alumina particles. Basavarajappa
et al. [5] had studied the dry Sliding Wear Behaviour of Al 2219
alloy and Al 2219/SiCp -Gr Hybrid Metal Matrix composite,
under wide range of sliding speeds and loads. Though the
sliding speed and load increases, the addition of graphite to Al
2219/SiCp composite increases the wear resistance, by forming
a graphite layer between the pin and counterface.

The aim of this work is to investigate the mechanical properties
of aluminium hybrid composite by the addition of
reinforcement particles such as alumina and silicon carbide
with aluminium 7075 at varying proportions and to understand
the tribological behaviour.

2. EXPERIMENTAL PROCEDURE
2.1 Sample Preparation
Aluminium have been selected as base metal because of its low
density and high interactive bond with other materials. Alumina
and silicon carbide are the reinforcement particles added with
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aluminium since they have high wear resistance and strength as
discussed by. Babu et al. [10].
The hybrid metal matrix composite consists of aluminium alloy
7075 combined with 4, 5 and 6 % (by weight) alumina with the
particle size of 15 – 20 µm and 4, 5 and 6% (by weight) silicon
carbide with particle size of 30 – 40 µm was fabricated by stir
casting setup as shown in Figure1. Aluminium 7075 rods were
heated to a temperature of 750°c in a furnace and melted.
Preheated reinforcements at a temperature of 300°C was added
to molten metal by a mechanical stirrer for 30 minutes at the
speed of 300 rpm. Cylindrical bars of size 12 mm diameter and
length 100 mm were manufactured as shown in Figure 2.
Figure 2: Aluminium composites prepared from stir casting

2.2 Sample characterization
The hardness test was conducted on Brinell hardness testing
machine with 10 mm hardened steel ball indenter as per ASTM
E10 on both aluminium alloy 7075 and hybrid composite
specimen. The tensile test for aluminium alloy and hybrid
composite material was done on a universal testing machine as
per ASTM E8M-04 standard. Wear test was conducted by pin
on disc machine as per ASTM G99-04 to study about the wear
behaviour of aluminium alloy and hybrid metal matrix
composite. The microstructure of hybrid metal matrix
composite was observed by standard scanning electron
Microscope.
Figure 1: Stir casting setup
3. RESULTS AND DISCUSSIONS
Stir casting is an economical method for the production of
hybrid metal matrix composite. Different samples of the
following proportions 100% Al, 92% Al + 4% Al2O3 +4% SiC,
90% Al + 5% Al2O3 + 5% Sic and 88% Al + 6% Al2O3 + 6%
SiC were produced.

3.1 Brinell hardness test
The length of specimen is 15 mm cut from fabricated bar and
polishing was done by disc polishing. A load of 250 kg was
applied on specimen surface and impression was measured by
microscope. The hardness number was calculated analytically
by the formula and results were discussed in following sections.

Table 1: Hardness of aluminium hybrid composites
Test parameters

Indenter
ball size: 5mm
Load: 250 kg

Observed value of Hardness in BHN
Aluminium
100%

Al+Al2O3
96%+4%

Al+Al2O3
92%+8%

Al+Al2O3
88%+12%

Al+Al2O3
+SiC
92%+4%+4%

Al+Al2O3
+SiC
90%+5%+5%

Al+Al2O3
+SiC
88%+6%+6%

38

45

61

70

82

87

93

From Table 1 it is clear that the hardness number 38 BHN of
aluminium alloy is very less when compared with hybrid metal
matrix composite hardness number of 93 BHN. Aluminium
with 6% Al2o3 and 6% SiC reinforcements have hardness 83%
higher than the other different percentage of reinforcements.

3.3 Tensile test
The dimension of the specimen 35x15x12 mm as shown in
figure 3 was cut from the fabricated bar and the yield strength,
ultimate tensile strength and % elongation was analysed.
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12 mm

15 mm
35 mm
Figure 3: Tensile test sample

Table 2: Tensile test observations

Al 100%
Al+Al2O3
96%+4%
Al+Al2O3
92%+8%
Al+Al2O3
88%+12%
Al+Al2O3+SIC
92%+4%+4%
Al+Al2O3+SIC
90%+5%+5%
Al+Al2O3+SIC
88%+6%+6%

Yield
strength
(MPa)
33
38

Test parameter
Ultimate
% elongation
tensile strength
in
(MPa)
50 mm
Gauge length
62
22.50
67
14.00

45

73

13.50

50

80

14.00

61

86

9.00

67

90

11.50

70

92
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180
160
140
120
100
80
60
40
20
0

Wear rate

Observed
value

composites the condition is steady state wear. Al-6Al203 graph
shows less wear when compared with pure metal and other
hybrid composites because of high hardness. Wear resistance
of hybrid composite is further increased by the addition of
silicon carbide particles. Basavarajappa et al [5] had reported
the same case in aluminium-silicon carbide composites. Silicon
carbide particles in metal matrix reduces the transformation
from mild wear to vigorous wear.
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Yield strength and ultimate tensile strength is directly
proportional to percentage of reinforcements. Aluminium with
6% Al2O3 and 6%SiC have maximum yield strength of 70MPa
and ultimate strength of 92MPa when compared with other
percentage of reinforcements. The % elongation is 60% less for
hybrid metal matrix composite when compared with pure
aluminium.

Figure 4: Wear rate of 100%Al (0.38 micron/sec)
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3.4 Wear test
Wear characteristics of pure metal and hybrid composites
containing varying percentage of alumina and silicon carbide
was analysed at applied loads 20, 30 and 40 N respectively. The
sliding speed and sliding distance were fixed as 2.5 m/s and
2100 m respectively for all the loads to investigate the wear
behaviour of hybrid composite.
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Sliding distance represents time required to complete the
distance of 2100 m. The graph shows that the addition of
alumina in hybrid composite increases wear resistance when
compared with pure metal. It was also observed that wear rate
was increased continuously in pure metal where as in all hybrid

Figure 5: Wear rate of Al+8%Al2O3 (0.16 micron/sec)
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Figure 11: Microstructure of 100% Al
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Figure 6: Wear rate of Al+4%Al203 (0.24 micron/sec)
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Figure 12: Microstructure of Al+4%Al2O3
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Figure 7: Wear rate of Al+12%Al2O3 (0.17 micron/sec)

When the tribological behaviour was investigated, lots of
difference exists between pure metal and hybrid composite.
From figure 4 it was clear that the wear rate (0.38 micron/sec)
is rapid for pure metal. When 4% of Al2O3 was added with
metal the wear rate is low (0.24 micron/sec) when compared
with pure metal. But When 8% of Al203 was added with metal
the wear rate is very low (0.16 micron/sec) when compared
with other samples. From the figures (4,5,6 & 7) it was
observed that the wear rate was rapid in pure metal and uniform
in metal matrix composite. The wear rate was minimum when
8% of Al2O3 was added with aluminium metal.

Figure 13: Microstructure of Al+6%Al2O3+6%SiC

Figure 11 shows the arrangement of aluminium alloy particles.
From figure 12 and 13 the black spots show the presence of
silicon carbide particles and white layer shows the presence of
alumina particles. It depicts about the homogeneous mixture
of silicon carbide and alumina reinforcement particles in
aluminium matrix. The microstructure test ensures the
thorough distribution of reinforcement particles with metal
matrix which improves the overall mechanical properties of the
hybrid composite.

3.5 Microstructural analysis
A standard scanning electron microscope is used to analyse the
uniform distribution of reinforcement particles in metal matrix.
This is an important factor that refine the Mechanical properties
in hybrid Composite. The microstructure of hybrid composite
mainly depends on the type of fabrication Technique. Optical
micrograph (Figures 11, 12 & 13) shows the uniform
distribution of reinforcement particles (alumina and silicon
carbide) in metal matrix.

4. CONCLUSIONS
Pure aluminium and hybrid metal matrix composite with
varying proportions of alumina and silicon carbide
reinforcements were fabricated by stir casting method. The
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results of hybrid composite are compared with pure aluminium.
The % elongation is 60% less for hybrid metal matrix
composite when compared with pure aluminium. Optical
microscopic study of composite ensures the uniform
distribution of reinforcements in metal matrix. mechanical
properties like hardness, tensile strength and wear resistance of
hybrid composite was increased with increase in alumina
particles. The values of hybrid composites are definitely higher
than the aluminium alloy. The addition of reinforcement
particles (alumina and silicon carbide) in metal matrix had
significantly refines the mechanical properties.
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