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Abstract— Composite materials are known for their weight to strength ratio. In this work detailed literature review is done 
for manufacturing and selecting the composition of composite material. Aluminum is selected as matrix material and 
Alumina as reinforcement composition of these materials is based on literature review. Manufacturing of this composite is 
done by stir casting method. Once the composite is manufactured, specimens are formed using ASTM Standards for Tensile 
and Hardness test. Test result and microstructure analysis reveals that mechanical property of the composite is increased by 
adding the percentage of the reinforcement Alumina and distribution of Alumina is uniform in the composite material. 
Which enhances the mechanical property of composite materials? 
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I. INTRODUCTION 
 
A composite materialalso called a composition 
material or shortened to composite is a material 
made from two or more constituent materials with 
significantly different physical or chemical properties 
that, when combined, produce a material with 
characteristics different from the individual 
components. In contrast to metallic alloys, each 
material retains its separate chemical, physical, and 
mechanical properties. The two constituents are 
reinforcement and a matrix. The main advantages of 
composite materials are their high strength and 
stiffness, combined with low density, when compared 
with bulk materials, allowing for a weight reduction 
in the finished part. 
The reinforcing phase provides the strength and 
stiffness. In most cases, the reinforcement is harder, 
stronger, and stiffer than the matrix. The 
reinforcement is usually a fiber or a particulate. 
Particulate composites have dimensions that are 
approximately equal in all directions. They may be 
spherical, platelets, or any other regular or irregular 
geometry. Particulate composites tend to be much 
weaker and less stiff than continuous fiber 
composites, but they are usually much less expensive.  
Fibers produce high-strength composites because of 
their small diameter; they contain far fewer defects 
(normally surface defects) compared to the material 
produced in bulk. As a general rule, the smaller the 
diameter of the fiber, the higher its strength, but often 
the cost increases as the diameter becomes smaller. In 
addition, smaller-diameter high-strength fibers have 
greater flexibility and are more amenable to 
fabrication processes such as weaving or forming 
over radii. Typical fibers include glass, aramid, and 
carbon, which may be continuous or discontinuous. 
The continuous phase is the matrix, which is a 
polymer, metal, or ceramic. Polymers have low 

strength and stiffness, metals have intermediate 
strength and stiffness but high ductility, and ceramics 
have high strength and stiffness but are brittle. The 
matrix (continuous phase) performs several critical 
functions, including maintaining the fibers in the 
proper orientation and spacing and protecting them 
from abrasion and the environment. In polymer and 
metal matrix composites that form a strong bond 
between the fiber and the matrix, the matrix transmits 
loads from the matrix to the fibers through shear 
loading at the interface. In ceramic matrix 
composites, the objective is often to increase the 
toughness rather than the strength and stiffness; 
therefore, a low interfacial strength bond is desirable. 
Investigations made by S.Basavarajappaet al (2004) 
[1] investigated the mechanical properties of a cast 
aluminum alloy composite reinforcing with SiCp and 
graphite particles. The results reveal that as the 
reinforcement content increases the mechanical 
properties such as ultimate tensile strength, yield 
strength, hardness and compressive strength of the 
composite increases predominantly but the density of 
the composite will decrease. The increased strength 
of aluminum 2004/SiCp-Gr composite is attributed to 
synergistic influence of the dislocation density 
generated due to the differences in co-efficient of 
thermal expansion between the constituents of the 
composite. TamerOzben et al (2008) [2] They 
studied the effect of silicon carbide particle (SiC-p) 
on mechanical machinability properties of aluminum 
metal matrix composites. The influence of reinforced 
ratios of 5, 10 and 15 wt.% of SiC-p on mechanical 
properties was examined. It was observed that 
increase of reinforcement element addition produced 
better mechanical properties such as impact 
toughness and hardness, but tensile strength showed 
different trend; increased up to 10 wt.% of SiC-p 
reinforced and then decreased when 15 wt.% of SiC-p 
reinforcement addition. Machinability properties of 
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the selected material were studied and higher SiC-p 
reinforcement produced a higher tool wear; surface 
roughness was generally affected by feed rate and 
cutting speed. H.C. Anilkumaret al (2010) [3] they 
investigated the effect of fly ash particles on 
mechanical properties of Al6061 alloy composites. 
They concluded that the tensile Strength, 
compression strength and hardness increased with the 
increase in the weight fraction of reinforced fly ash 
and decreased with increase in particle size of the fly 
ash. The ductility of the composite decreased with 
increase in the weight fraction of reinforced fly ash 
and decreased with increase in particle size of the fly 
ash. Chennakesava Reddy et al (2010) [4] they 
studied the effect of tensile behavior of the Al2O3 on 
mechanical properties of Al6063 alloy composites. 
The yield strength and fracture strength increase with 
increase in volume fraction of Al2O3, whereas 
ductility decreases.A.R.K. Swamy et al (2011) [5] 
they studied the effect of particulate reinforcements 
such as tungsten carbide and graphite on the 
mechanical properties of Al6061 alloy composites. 
The results of this study revealed that as the tungsten 
carbide particle content was increased, there was 
significant increase increases in the ultimate tensile 
strength, hardness and young’s modulus, 
accompanied by a reduction in its ductility.Madhu 
Kumar Y.C, Uma Shankar et al (2012) [6] they 
studied the effect of glass particulates on the 
mechanical properties of Al6061 alloy composites. 
The microstructure and mechanical properties of the 
fabricated aluminum matrix composites were 
analyzed. The mechanical properties like hardness 
and tensile strength of the unreinforced alloy and 
composites have been measured. Sourav Kayala et 
al (2012) [7] they studied the effect of silicon 
carbide on the mechanical properties of LM6 alloy 
matrix composites. Tensile properties and hardness 
tests studies were conducted to determine the tensile 
strength, modulus of elasticity and the hardness of the 
as cast MMC’s. The experimental result reveals that 
the tensile properties and hardness of the as cast 
composites increases with the increasing the weight 
percentage of silicon carbide particulates in the 
matrix metal. 
 
II. MATERIALS AND COMPOSITION  
 
2.1 Matrix Material 
The material selected as matrix for preparing the 
composites is Aluminum alloy. The matrix 
Aluminum is in ingot form. It has found increasing 
use for many applications and has competed 
effectively against copper and iron-based foundry 
alloys. Aluminum based alloys are reported to exhibit 
good machinability properties. The material has the 
following chemical properties based on literature 
review. 

 
Aluminum 

 
 
2.2 Reinforcement 
In this study, the alumina oxide particles with an 
average particle size of 74µm were used as a filler 
material. Figure shows the alumina filler material. 
Alumina is the most cost effective and widely used 
material in family of engineering ceramics. The raw 
materials from which this high performance technical 
grade ceramic is made are readily available and 
reasonably priced, resulting in good value for the cost 
in fabricated alumina shapes, with an excellent 
combination of properties and an attractive price, it is 
no surprise that fine grain technical grade alumina has 
a wide range of applications. 

 

 
Alumina powder (74µm) 

 
2.3 Fabrication of Composites 
Aluminum based composites were prepared using a 
stir casting process shown in figure an electric 
melting furnace with graphite crucible was used for 
melting. Alumina- Aluminum alloy was melted in a 
crucible by heating it in a melting furnace at 700oc for 
two to three hours. The alumina particles and the 
permanent moulds of cast iron were heated in order to 
reduce the effect of chilling during solidification. 
Degassing of the melt was done with commercially 
available tablets of hexachloroethane(C2Cl6). After 
degassing, the preheated alumina particles were 
added slowly into the crucible while continuing the 
stirring process. Stirring was maintained up to 10 
minutes using a mechanical stirrer. The amount of 
reinforcement was varied from 2% to 6% in steps of 
2%. 

 
Stir casting setup 
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2.4 Steps Involved in Preparation 
 

 
 

III. EXPERIMENTATION 
 
A number of samples were prepared from Aluminum 
and Aluminum -Al2O3 composites. The samples 
prepared for microstructure studies, hardness test and 
tensile test according to their standards.  
 
3.1 Tensile Test Specimen 

 

Tension test specimens and its geometry 
 
3.2 Hardness Test Specimens 
Hardness test specimens are prepared according to 
the ASTM standard E10 having diameter 20mm and 
length 25mm. Hardness test specimen and its 
geometry are shown in figure 
 

 

 
 
IV. RESULTS AND DISSCUSSION 
 
4.1 Analysis of Tension Test Results 
The stress-strain diagrams for Al- Al2O3 composites 
are shown in figure. These materials follow linear 
elastic stress- strain relations up to their fracture. The 
point of deviation from linearity is the indication of 
failure initiation due to development of crack on the 
tension side.Drop in curve indicates failure of the 
material. Young’s modulus is determined from the 
slope of the stress-strain curve within the elastic limit. 
The summary of tensile test results is shown in table. 
It can be seen that the tensile strength increase with 
increase in filler content. 
 

 
 

 
Graph for tensile specimen 

 
4.2 Analysis of Hardness Test Results 
Hardness values of Al- Al2O3 composites are 
tabulated in the table 
 

 
Graph for Hardness Specimen 
 
From above two readings and graph of tensile and 
hardness test we can see that as the reinforcement is 
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increased the value of tensile strength and hardness 
value is increasing. But increase of reinforcement 
decrease the elongation. 
 
4.3 Microstructure Analysis  
 

 
 
From above fig we can find that distribution of 
reinforcement is uniform in the matrix. From this we 
Can say this composite is homogenious. Since the the 
distribution of reinforcement is uniform it have 
incresed the mechanical property of the composite.  
 
CONCLUSION 
 
From this work we can conclude that incresce of 
reinforcement Al2O3in Aluminum have increased, the 
mechanical property of the composite. But it has been 
observed that elongation property of the composite 

has been decreased as we increase the reinforcement 
Al2O3in percentage.  
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