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Abstract 
Stir casting process is used for producing discontinuous particle reinforced metal matrix composites for 

decades.To obtain sufficient wetting of particle by liquid metal and to get a homogenous dispersion of the ceramic 

particles is a challenging task.The present paper focuses on microstructure and mechanical properties of uncoated 

and Ni-P coated SiC reinforced Al6061composites produced by stir casting method.Electroless plating technique 

was used to nickel coat SiC particles.The extent of incorporation of reinforcements was varied from 2 to 10 wt% in 

steps of 2wt%.Major objective of the work was to obtain high quality cast MMCs with minimal porosity using 

metallic coated reinforcement.Results reveal that, increased content of SiC particles in matrix alloy increases various 

mechanical properties of both uncoated and Ni-P coated SiC reinforced composites. However, when compared with 

uncoated composites, Ni-P coated SiC reinforced composites exhibited improvised properties.  
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Introduction 
Aluminium based metal matrix composites 

have been one of the prominent research areas in 

materials processing  in the last few decades.Particle 

reinforced metal matrix composites (MMCs) are now 

recognized as important structural materials for 

application in aerospace and automotive parts. 

Reinforcement of light weight aluminum alloys with 

short fibers, platelets and particle of ceramics results 

in composite of high specific strength and stiffness 

suitable for various engineering applications[1-5].  

 Casting route is been  favoured method as it 

helps in manufacture of large number of complex 

shaped components. Especially, the stir casting (vortex 

method) mostly used to produce the PRMMCs as it 

shows to be a very promising for manufacture of near 

net shape composites in a simple and cost effective 

method. The major problem in this technology is to 

obtain sufficient wetting of particle by the liquid metal 

and to get a homogeneous dispersion of the ceramic 

particles [6-8].Good wetting between solid ceramic 

particles and liquid matrix metal is essential to get 

uniform dispersion and satisfactory properties in 

MMC. Alloying elements are added for inducing 

wettability[9-11]. In the light of the above, the present 

investigation focuses on microstructure and 

mechanical properties of uncoated and Ni-P coated 

SiC reinforced Al6061composites produced by stir 

casting method. 

Materials and methods 

Composite Preparation 

Al6061 alloy with the chemical composition 

given in Table1was used as the matrix material.Silicon 

Carbide (SiC) in powder form having particle size of 

range5-30μm was used as reinforcement.Silicon 

carbide particles were subjected to electroless nickel 

coating. The detailed coating procedure is as described 

in our earlier works [12].A batch of 4kgs of 

Aluminum 6061 alloy was melted using a 6KW 

electric furnace. The metal was degassed using 

commercially available chlorine based tablets 

(Hexachloroethane). The molten metal was agitated by 

use of mechanical stirrer rotating at a speed of 300 

rpm to create a fine vortex. Preheated SiC powders 

were added slowly into the vortex while continuing 

the stirring process.The stirring duration was 10 

minutes. The stirrer blades were made of stainless 

steel and coated with ceramic material to minimize the 

iron pickup by the molten metal.The composite melt 

maintained at a temperature of 710oC was then poured 

into metallic moulds.Both Ni-P coated and uncoated 

silicon carbide was varied in proportions of 2 

to10wt%.Coated SiC was preheated to 400oC before 

dispersing in the molten alloy. Cast composites were 

machined and were subjected to microstructure and 

mechanical properties.Table below shows the 

chemical composition of Al6061 alloy. 
Element Percentage 
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Cu 0.15-0.40 

Si 0.4-0.8 

Mn 0.15 max. 

Mg 0.8-1.2 

Fe 0.7 max. 

Zn 0.25 max. 

Ti 0.15max. 

Cr 0.04-0.35 

Al Balance 

Table.1 Al6061 alloy with the chemical 

composition 

 
Fig 1 Electrical resistance furnace with stirrer 

  

Results and discussion 
Microstructure 

 
Fig 2(a)  Al6061 alloy 

                  
Fig 2(b)Uncoated silicon carbide reinforced Al6061 

composites 

                      
Fig 2(c)  Al6061-Ni-P coated SiC composites 

Figure 2(a),2(b) and 2(c)shows the SEM photographs 

of Al 6061 matrix alloy reinforced with uncoated 

Silicon Carbide powders and Ni-P coated composites. 

It is observed that silicon carbide particles are fairly 

homogeneously distributed.Agglomeration of 

reinforced phase is also noticed in some composites 

with higher weight percentage of silicon carbide 

particles.Further, detachment/decohesion of reinforced 

phase is also observed in the composites with higher 

magnification which is a clear evidence of poor bond 

between matrix alloy and reinforcement as shown in 

figure 2(b).It is observed that SiC particles of range 5-

30 microns are found distributed in a fairly 

homogenous manner within the matrix alloy and also 

no such agglomerations/clusters are noticed in figure 

2(c). Further, there exists strong interfacial bond 

between matrix alloy and reinforcement as a beneficial 

result of metallic coating. 
 

Ultimate Tensile Strength (UTS) 

Figure 3  shows the variation of ultimate tensile 

strength of Al 6061 matrix alloy and its cast 

composites.   It is observed that all the developed 

composites have higher ultimate tensile strength when 

compared with the cast Al 6061 matrix alloy. A 

maximum improvement of 91% and a minimum 

improvement of 48.51% are observed for Al6061-

10Wt%SiC and Al6061-2Wt%SiC respectively;where 

as in case of Ni-P coated SiC reinforced composites it 

is found to be 107% and 56.43% respectively.  

 
Fig 3 Ultimate Tensile strength (MPa) of Al 6061 matrix 

alloy and its composites. 

 

Ductility 

Figure 4 shows the ductility values in terms of 

percentage elongation for Al6061 and Al6061-SiC 

composites both for coated and uncoated conditions. It 

is observed that addition of SiC leads to the drastic 

reduction in ductility of Al6061 – SiC composites for 

both the coated and uncoated composites. The reduced 

ductility of Al6061 – SiC composites can be due to the 

stress concentration effects at the matrix and the SiC 

interface.  
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Fig 4 Ductility of Al 6061 matrix alloy and its composites 

 

 
Fig 5 shows the XRD pattern of cast Al6061-10wt%SiC 

which indicates the presence of    silicon carbide in matrix 

alloy. 

 

Conclusion 
1. Electroless Nickel coating was successfully 

carried.  

2. High quality cast MMCs with minimal 

porosity using metallic coated reinforcement 

were obtained. 

3. A maximum improvement of 91% and a 

minimum improvement of 48.51% are 

observed for Al6061-10Wt%SiC and Al6061-

2Wt%SiC respectively. Where as in case of 

Ni-P coated SiC reinforced composites it is 

found to be 107% and 56.43% respectively. 

4. Strong interfacial bond between matrix alloy 

and reinforcement in Ni-P coated SiC 

reinforced composites is a beneficial result of 

metallic coating 

5. SEM studies and mechanical properties were 

evaluated. 

6. Homogenous dispersion was achieved 

successfully.      
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