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Abstract- Aluminium metal has played and continues to play a key role in the development of light weight materials such as 
metal matrix composites (MMCs) reinforced with a variety of ceramic materials including Al2O3, TiC, B4C, and Si-C. From 
the wide range of MMCs systems studied thus far and on account of the attractive properties of Si-C, Al-Si-C composites 
have drawn the attention of a plethora of research scientists and technologists. Al-Si-C metal matrix composites were 
synthesized using stir casting techniques to induce the formation of Silicon Carbide. The silicon and graphite were added in 
powder form and the formation of Silicon carbide and other intermetallic phases were investigated with SEM and optical 
micro structural studies. The wear resistance and Rockwell hardness of the composites were also studied with varying 
amount of (1%, 2%, 3% and 10%) Si-C. Being extremely lighter than the conventional gray cast iron material, the Al-Al2O3 
and Al-Si-C composites could be potential green materials for applications in the automobile industry, for instance, in 
making car disc brake rotors. 
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I. INTRODUCTION 
 
Metal matrix composite (MMC) is an engineered 
combination of the metal (Matrix) and hard 
particle/ceramic (reinforcement) to get tailored 
properties. MMC’s are either in use or prototyping 
for the space shuttle, commercial airliners, electronic 
substrates, bicycles, automobiles, golf clubs, and a 
variety of other applications. Discontinuously 
reinforced aluminium matrix composites are fast 
emerging as engineering materials and competing 
with common metals and alloys. They are gaining 
significant acceptance because of higher specific 
strength, specific modulus and good wear resistance 
as compared to ordinary unreinforced alloys. Like all 
composites, aluminum-matrix composites are not a 
single material but a family of materials whose 
stiffness, strength, density, thermal and electrical 
properties can be tailored. The matrix alloy, 
reinforcement material, volume and shape of the 
reinforcement, location of the reinforcement and 
fabrication method can all be varied to achieve 
required properties. The aiminvolved in designing 
metal matrix composite materials is to combine the 
desirable attributes of metals and ceramics.  
 
The addition of high strength, high modulus 
refractory particles to a ductile metal matrix produce 
a material whose mechanical properties are 
intermediate between the matrix alloy and the 
ceramic reinforcement. Metals have a useful 
combination of properties such as high strength, 
ductility and high temperature resistance, but 
sometimes have low stiffness, whereas ceramics are 
stiff and strong, though brittle. Among discontinuous 
metal matrix composites, stir casting is generally 
accepted as a particularly promising route, currently 
practiced commercially. Its advantages lie in its 

simplicity, flexibility and applicability to large 
quantity production. It is also attractive because, in 
principle, it allows a conventional metal processing 
route to be used, and hence minimizes the final cost 
of the product. This liquid metallurgy technique is the 
most economical of all the available routes for metal 
matrix composite production, and allows very large 
sized components to be fabricated. The cost of 
preparing composites material using a casting method 
is about one-third to half that of competitive methods, 
and for high volume production, it is projected that 
the cost will fall to one-tenth. In general, the 
solidification synthesis of metal matrix composites 
involves producing a melt of the selected matrix 
material followed by the introduction of a 
reinforcement material into the melt, obtaining a 
suitable dispersion. 
 
The next step is the solidification of the melt 
containing suspended dispersoids under selected 
conditions to obtain the desired distribution of the 
dispersed phase in the cast matrix. In preparing metal 
matrix composites by the stir casting method, there 
are several factors that need considerable attention, 
including the difficulty of achieving a uniform 
distribution of the reinforcement material, wettability 
between the two main substances, porosity in the cast 
metal matrix composites, and chemical reactions 
between the reinforcement material and the matrix 
alloy. In order to achieve the optimum properties of 
the metal matrix composite, the distribution of the 
reinforcement material in the matrix alloy must be 
uniform, and the wettability or bonding between these 
substances should be optimized. The literature review 
reveals that the major problem was to get 
homogenous dispersion of the ceramic particles by 
using low cost conventional equipment for 
commercial applications. In the present work, a 
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modest attempt have been made to compare the 
dispersion of SiC particles in Al matrix fabricated 
with the help of different processes viz. (a) without 
applying stirring process (b) with manual stirring 
process (c) a two-step mixing method of stir casting. 
An effort has been made to establish a relationship 
between hardness, impact strength and weight 
fraction of SiC in particle reinforced MMC’s 
developed with the help of two - step mixing method 
of stir casting technique. 
 
II. MATERIALS AND METHOD 
 
The metal matrix used in the experiment is 
aluminium scrap (6063 T5) which is a leftover 
unused part of window grills. The silicon carbide 
powder was prepared by manual mixing of silicon 
and graphite powder separately followed by their 
fusion in muffle furnace at a temperature of around 
150o C. Composition of the used aluminium scrap is 
as follows :- 
 

Table 1Wt% of Different element in Sample 
Element 
Name 

Compostion (wt 
%) 

Al 98 
Si 0.2-0.6 
Fe <0.35 
Cu <0.10 
Mn <0.10 
Mg 0.45-0.9 

 
III. EXPERIMENTAL WORK: 
 

 
 
In this study, the Aluminium-Si-C metal matrix 
composite was prepared by stir casting route. The Stir 
casting method (also called liquid state method) is 
used for the hybrid composite materials fabrication, 
in which a dispersed phase is mixed with a molten 
matrix metal by means of mechanical stirring. The 
liquid composite material is then cast by conventional 
casting methods and may also be processed by 
conventional metal forming technologies. 
 
Five samples of different compositions by weight of 
SiC were fabricated. 1%, 2%, 3% and 10% SiC by 
weight were prepared. For this, following weights of 

aluminium scrap and Si-C powder were taken. 
Density of aluminium for calculation purpose is taken 
to be 2.7 g/cm3. Dimensions of the dye used for 
pouring the aluminium scrap melt are:- 

 Diameter = 2.5 cms 
 Length = 15 cms 

 

 
Figure 1 Sample Image after Casting 

 
Silicon Carbide formed was preheated to about 200o 
C for moisture removal. Thereafter the temperature of 
stir casting equipment was set at 700o C. After 30 
minutes the calculated aluminium scrap was 
subjected to the equipment. As the temperature 
reached around 670oC, the scrap started melting. At 
this stage, the calculated amount of silicon carbide 
powder was added and stirrer was switched on 
subsequently for homogeneous mixing. Thereafter, 
the melt was poured in the die and allowed to cool. 
Similarly all the 5 samples were prepared. 
 
A. Microstructural Characterization 
The composites prepared were examined under 
optical microscope and scanning electron microscope 
(SEM) after they were belt grinded and polished by 
different grades of emery papers. 
 
B. Mechanical Properties Observation  
a) Hardness: 
Rockwell hardness test was performed on B scale 
using 100 kg load and 1/16 inch ball diameter. 
Hardness values were taken on both corss-sectional 
area and the curved surface which were then 
converted to Vickers scale using standard table. 
 
b) Pin-on-Disc Wear Test: 
 
Parameters for wear testing: 

 Sample diameter: 10mm 
 Sample height: 25mm 
 Load: 4kg 
 Sliding velocity: 1m/s 
 Frequency: 200 r.p.m 
 Time duration: 30 mins 
 Track radius: 40mm 
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IV. RESULTS AND DISCUSSIONS 
 
a) Hardness Values 
 

 
 

 
 
The above graph depicts the increasing nature of 
hardness of the metal matrix composites with 
increasing % of Si-C. Maximum hardness obtained is 
130 HV1 at 10% Si-C. 
 
b) Wear Test  

 

 

 
 

 
 
c. SEM studies and Optical Microstructure 
The morphology, density, type of reinforcing 
particles and its distribution have a major influence 
on the properties of particulate composites. The 
variables that govern the distribution of particles are 
solidification rate, fluidity, type of reinforcement and 
the method of incorporation. It is necessary to 
distribute particles uniformly throughout the casting 
during production of particulate composites. 
 
Following are the optical and SEM images of the 
composites. The black regions of optical 
microstructures and white spots in SEM confirms the 
the formation of Silicon carbide phase. 
 

 
Figure 6 Optical Image 
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Figure 7 Sem Images 

 
CONCLUSIONS 
 
1. The wear volumes of the composites increase 

with the weight fraction of Si-C. However, it 
shows a dip at 3% Si-C. 

2. The wear rate changes non-uniformly, with a 
maximum wear rate of 0.000372 mm3/Nm for 
10% Si-C and a minimum of 0.000163 
mm3/Nm for 3% Si-C. 

3. The average coefficient of friction of the 
composites increases linearly with the weight 
fraction of SiC showing a dip again at 3% Si-C. 

4. Though wear resistance is non-uniform with the 
increase in weight fraction of Si-C, the hardness 
values are remarkably increasing. Maximum 

hardness value attained is 130 HV1 at 10% Si-C 
and a minimum of 98 HV1 at 1% Si-C. 

5. This anomalous behavior of the composites can 
be attributed to the formation of carbide 
composites instead of Al-Si-C composites. 
Actually Wear erosion mechanism is occurring 
over here which decreases the wear resistance 
inspite of an increase in hardness. 
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