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ABSTRACT

The expansion of manufacturing industries has somewhere led to the increase in the use of composite materials.
Metal Matrix Composites (MMC) are the advanced and new age materials that find application in sectors like
automotive, aerospace, rail components, defense etc. because of their light weight, high strength, good corrosion
and wear resistance and low thermal coefficient of expansion. Stir casting is one of the simplest and oldest methods
of manufacturing MMC. The present research work is about the manufacturing of Aluminium Matrix Composite
(AMC) by stir casting technique where Al 6061 is the matrix or the base metal and 10 % silicon carbide (SiC) in
powder form is the reinforcement material. Scanning Electron Microscopy was done in order to observe the
distribution of SiC particles into the Al matrix.
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1. INTRODUCTION

Science and technology has developed to such an extent that now the demand for advanced engineering
materials has increased. Various engineering applications now require high strength and low weight new age
materials. This requirement can be fulfilled by the exotic composite materials. One such material is the metal
matrix composite (MMC). The Aluminium based metal matrix composites are the most preferable choice for
aerospace, automotive, military, railway components etc. applications due to their light weight, high strength,

stiffness and resistance to high temperature [1].

The Aluminium Matrix Composites (AMC) consists aluminium as the base metal called the matrix while the
reinforcement may be silicon carbide (SiC), boron carbide (B4C), titanium carbide (TiC), aluminium oxide
(AI203). The reinforcements may be in the form of whiskers, fibers or particulates. MMCs are fabricated using
many processes such as casting, forging and extrusion [2]. They are usually processed through powder
metallurgy route, liquid cast metal technology or by using special manufacturing process. The processing cost
of powder metallurgy process is quite high and the size of the components that can be procured also has certain
restrictions. Therefore for the processing of aluminium matrix composites, casting method is apt and most

economical [3].
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Stir casting definition- a process in which by the means of mechanical stirring, the reinforcing particles are

distributed into the molten matrix.

Its advantages lie in its simplicity, flexibility and applicability to large quantity production. 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 [4].

2. REVIEW WORKS

S.A. Sajjadi et al [5] in their work prepared micro and nano composites to study their microstructural and
mechanical properties where A356 aluminium alloy was takes as the matrix and alumina (Al,O3) powder with
50nm and 20um with different weight percentage was used as the reinforcement phase. The AMC was prepared
by two methods namely stir casting and compo-casting. They indicated that the best mechanical properties were
obtained by decreasing the alumina particle size and using compo casting method. Hamid Reza Ezatpour et al
[6] fabricated nano composite Al 6061-Al,0; by stir casting and then the composites were extruded. On
comparing the extruded samples with the cast samples, the extruded samples showed superior strength and
ductility values. Shashi Prakash Dwivedi et al [7] fabricated A356/SiC metal matrix composite with different
weight percentage of reinforcement by electromagnetic stir casting technique. The microstructural study of the
composite indicated that electromagnetic stir casting lead to grain refinement and homogeneous structure. The
mechanical properties upon investigation revealed increase in hardness and toughness, improvement in fatigue
strength and decrease in porosity percentage. S. Suresh and N. Shenbaga [8] used stir casting to prepare a
metal matrix composite of Al 6061/ TiB,. On studying the wear behavior it was revealed that increasing the

amount of TiB, in the aluminium composite improves its wear resistance. Also, hardness and tensile strength

increased with addition of TiB,.

3. EXPERIMENTAL SETUP
3.1 Material Selection
Al 6061 was chosen as the matrix metal and 10 % silicon carbide SiC powder (320 mesh size) as the

reinforcement. The chemical composition of Al 6061 is given below:

Table 1: Chemical composition of Al 6061

Elements Si Cu Zn Fe Mn Mg Cr Ti Al
Percentage 0. 0.2 0.0 0.6 0.1 0.8 0.1 0.0 97.01
(Wt%) 71 3 9 4 1 8 5 4 9

The reason for choosing Aluminium 6061 as the matrix metal is because of its excellent properties like good

corrosion resistance, medium fatigue strength, very good weldability and convincing machinability.
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6061Al is widely used in numerous engineering applications including transport and construction where
superior mechanical properties such as tensile strength, hardness etc., are essentially required.

Addition of silicon carbide to aluminium matrix enhanced its mechanical properties.

3.2 Fabrication of Al 6061- SiC AMC by stir casting

The stir casting setup was prepared at Makarpura GIDC, Baroda. The Al 6061 + 10% SiC AMC was prepared
by stir casting technique wherein aluminium is the matrix and SiC powder is the reinforcement. The stepwise
procedure of stir casting is discussed below:

» Step 1: Melting of base metal -Al 6061in furnace
First of all, Al 6061 was melted in a graphite crucible placed inside the pit furnace as shown in the figure below.
Al starts melting at around 650° C.

Inside dia
70mm

Fig 1: Front view of graphite crucible Fig 2: Top view of graphite crucible

Fig 3: Melting of Al 6061 in pit furnace
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» Step 2: Addition of SiC powder into molten Al
Into the molten matrix, 10% (by weight) SiC powder of 100 mesh size was added. 1% Magnesium powder was

also added in order to improve the wettability and decrease the porosity.

Fig 4: Addition of SiC powder into molten Al

» Step 3: Stirring of the Al + SiC mixture
First of all, a stirrer was made out of graphite rod of 100mm length and 25mm diameter for stirring. External

threading was done on the stirrer as shown. An internally threaded 3 feet long stainless steel rod was fitted over

this stirrer.
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Fig 5: Graphite Stirrer
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The mixture was mechanically stirred using a motor of around 250 RPM for 10 minutes before pouring into the

mould.

Fig 6: Stirring of Al+ SiC mixture using motor

» Step 4: Pouring of Al-SiC mixture in to mould and solidifying
The AMC mixture was poured into the mould and allowed to solidify for some time. The final cast AMC slabs

were taken out once they cooled

Fig 7: Pouring of molten Al into mould
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The AMC plates casted by stir casting have dimension: 110mm*110mm* 15mm=*

Fig 8: Al6061 + 10% SiC Metal matrix composite

4. RESULT AND DISCUSSION
Processing of composites comes along with the challenge of homogeneous distribution of the reinforcement phases
into the matrix for a defect- free microstructure. The segregation of reinforcing particles in to the matrix is of major
concern which is caused by the settling of the reinforcement particles during the melting and casting process. In
order to observe the segregation pattern of the reinforcement particles in to the matrix, Scanning Electron
Microscopy (SEM) is conducted. The SEM image of composites material (Al6061+10%SiC) is shown in Fig 9.
From the image it is observed that the reinforcement particles silicon carbide are distributed throughout Al6061

matrix alloy and there also exist a good bond between matrix and particles.
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Fig 9: Distribution of SiC in Al
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5. CONCLUSION

Aluminium based metal matrix composite was prepared using the stir casting technique where Al 6061 was the
matrix metal and 10% SiC powder was added as the reinforcement. The SEM micrographs show good distribution
of SiC particles. The magnesium powder on adding reduced the porosity and improved wettability. Stir casting
method is the simplest and most economical method to produce good quality composite materials.
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