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Abstract 
Aluminium6061 alloy composites containing various volume fractions of Silicon Carbide (SiC) 

particles (0, 5%, 10%, 15%, 20% and 25%) were prepared by stir casting method. In the current 

study, microstructures and mechanical properties of cast silicon carbide (SiC) reinforced 

aluminum matrix composites (AMCs) were investigated. Optical microscopic examination, SEM, 

tensile strength test, hardness test and elongation test were carried out. The results showed that 

with the addition of SiC reinforcements in Aluminum6061 matrix increased hardness and tensile 

strength however, decreased elongation at 25% SiC reinforced AMC. Hardness and tensile 

strength were observed to be are maximum at 25% SiC and elongation is minimum at 25% SiC. 

Microstructural observation confirmed clustering and homogeneous distribution of SiC particles 

in the Al6061 matrix.  
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1 Introduction 

High strength, low specific density and good wear resistance are the main keys of the Aluminium 

matrix composites with incorporation of fourth alloying materials fibers or particles and whiskers. 

The metal reinforced aluminium matrix composites are economical but also have good mechanical 

properties [1]. Many methods are available for fabrication of particulate reinforced metal matrix 

composites (MMCs) such as powder metallurgy [1, 2], casting method [3], squeeze casting [4] 

and compo-casting. 

Several researchers have reported that the use of hard particles (Al2O3 or SiC) in aluminum alloys 

improve the mechanical properties of these alloys [5]. Tensile strength, hardness and elongation 

are main big problem for aluminium alloy matrix. There is no general relationship established 

between mechanical properties (Tensile strength, hardness and elongation) microstructural factors 

and processing parameters. Recent studies revealed that the strength of matrix interface and 

mechanical properties of matrix materials affected by the addition in the volume fraction, and 

spatial distribution of second phase particles [6]. 

A non-metallic ceramic such as SiC, Al2O3, SiO2, B4C, Al-N are used in an AMC matrix because 

of pure aluminium or an alloy of it. Aluminium alloys are used in AMC due to high corrosion 

resistivity, high damping capacity, low density and good electrical and thermal conductivities [7]. 

SiC, Boron and Al2O3 particles are affected in tensile strength, hardness and elongation behavior 
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of MMCs. However, a limited number of researches have been reported on the abrasion behavior 

of ceramic particle reinforced aluminium alloy composites [1].  

The purpose of the current study is to: (a) produce particle-reinforced metal matrix composites by 

stir casting method and; (b) measure the density, hardness and ultimate tensile strength, elongation 

and microstructure of the composites. 
 
 

2 Experimental Procedures 

Aluminum metal matrix composites were prepared at various volume fractions of SiC particles 

fabricated by stir casting method. Aluminium6061 alloy was used as the matrix material and SiC 

particles were used as the reinforcement material. The SiC in the experiments was supplied by 

Norton Co.  The composite was prepared by stir casting method for fabrication which gives the 

uniform distribution of reinforcement particle. Silicon carbide, which is used as a mesh with the 

particle size of 200/+300 (particle size is below 74μm and above 53μm). It is a very fine powder 

in appearance and has high hardness value therefore; silicon carbide is used for reinforcement 

purpose in powdered form. In the present study, the chemical composition of Aluminium 6061 

alloy used is presented in Table 1. 
 

Table 1 Nominal Chemical Composition of Aluminium Alloy (Al6061) 
Elements Si Cu Ni Zn Sn Mn Mg Pb Fe Cr Ti Al 

% 0.43 0.24 0.05 0.25 0.001 0.139 0.802 0.24 0.7 0.25 0.15 Balance 
 
 

In this process of fabrication, a dispersed phase and a molten metal matrix are mixed together with 

the help of mechanical stirring. Firstly, Aluminium6061 is taken in the form of plates. These plates 

were then placed in a graphite crucible chamber and heated using the electrical resistance furnace. 

The temperature of the furnace is set at 750°C. Once Aluminium6061 is completely melted, silicon 

carbide which is in form of powder was poured into the same crucible chamber with different 

percentages and temperature was gradually increased to 1000°C. While pouring the reinforcing 

material into the matrix material; a constant speed of 300 rpm with the help of mechanical stirrer 

was maintained to create a vortex. The stir was carried out for approximately 30 minutes to obtain 

a uniform mixture. Afterwards, molten MMC is poured into a sand cast to obtain MMC pipe. The 

cast was quenched with water in order to cool down MMC quickly. This procedure was repeated 

for silicon carbide at various volume fractions of 5%, 10%, 15%, 20% and 25% [6, 8, 9, 10]. 

To investigate the microstructure of the specimens, 1000 and 1200 grit papers were used in 

grinding for preparing the specimen surfaces. Then 3µm diamond paste was used for the polishing 

[10]. Etching was done with the help of Keller’s reagent in order to conduct micro structural 

testing and the mechanical characterization. The etched specimen was observed under both, 

optical microscope as well as scanning electron microscope. 
 
 

3 Results and Discussion 

3.1 Microstructure 

The grain size of the aluminium composites was smaller than that of the aluminum alloy and the 

grain size of composites decreases with the increase of volume fraction of SiC. It was observed 

that major portion of SiC particles segregated along the grain boundaries. At the melting stage and 

the solidification stage, the microstructures of the composites were investigated. The ultrasonic 

treatment dispersed SiC particles at the melting stage [9]. 
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Fig. 1 SEM micrograph (a) Distribution of Al6061/5%SiC composite (b) Fractured surface of 

Al6061/10%SiC composite 
 
 

 
Fig. 2 Optical images (a) Al6061/5%SiC composite (b) Al6061/10%SiC composite (c) 

Al6061/15%SiC  
 
 

It is clearly observed that most of SiC particles are dispersed in the aluminium i.e. uniform 

distribution of the SiC on each composite particle surface. When composite powders are used for 

the melting, Al6061 start to melt, firstly on the outer surface and then on from the inside while 

gradually releasing the SiC particles into the molten mix which is evident from a good distribution 

in the melt [11].  
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Fig. 1 depicts SEM fracture surfaces of the composite with the volume fraction of the SiC particles 

of 5% and 10%, respectively. A typical ductile fracture can be observed in the Fig. 1 with 

numerous dimples over the entire surface are visible and it shows both the ductile and brittle 

fracture. All these fracture surfaces have dimples in the matrix and de-cohesion of SiC particles 

in the matrix. The reason of dimples is the void nucleation and subsequent coalescence because 

of a strong shear deformation and fracture on the shear plane are the primary reasons for cause of 

such dimples. It can also be seen that increasing the volume fraction of the SiC particles decreases 

the ductility of the material while it increases the brittle behavior of material. This is the major 

difference between the fracture surfaces [12, 13]. 

Fig. 2 shows the optical microstructures of the composites with 5%, 10% and 15% volume 

fractions of the SiC particles. It is evident from the Fig. 2 shows that 5%, 10% and 15% volume 

fractions of the SiC particles are uniformly distributed in the Al matrix. Also, SiC pores and grain 

boundaries can be observed in the aluminum composites as evident in Fig. 2, the pores are evident 

and there is an increase in the pore percentage with an increase in the SiC particles which indicates 

that the interfacial cohesion is weak between the SiC particles and matrix [9].  
 
 

3.2 Mechanical properties 

Table 2 shows the mechanical properties of the composite as a function of the volume fraction of 

the SiC particles. It also illustrates that with an increase in the volume fraction of the SiC particles, 

there is an increase in both tensile strength as well as hardness. While the elongation decreases 

with an increase in the volume fraction of the SiC particles. Increase in the strength of the 

composites but degradation the plasticity of the composites with increase in SiC particles has been 

reported earlier [14, 15, 16]. 
 

Table 2 Mechanical properties of composites (Al6061/vol% SiC) 

Volume fraction of 

SiC particles (%) 

Tensile 

Strength (MPa) 

Vickers Hardness 

(VH) 

Elongation  

(%) 

0 82 23.50 24.3 

5 93 37.25 15.2 

10 99.5 42.3 11.4 

15 113 44.10 9.1 

20 128 46.23 6.9 

25 145 47.3 5.7 
 
 

In general, a decrease in the plasticity but an increase in the strength of composites with addition 

of SiC particles can be related to formation of micro crack formed during deformation. Also SiC 

has high strength but is brittle in nature. It was observed that two types of the micro cracks were 

initiated by the addition of SiC particles. First interfacial cohesion is strong while the second 

interfacial cohesion is weak between SiC and matrix. In first condition, at high stress 

concentration, the local strain and dislocation density reached the critical values and the SiC 

particles fractured to nucleate micro-cracks while in second condition, before the SiC particles 

could fracture, the SiC particles and matrix happened to nucleate micro-cracks. SONG et al [9] 

reported similar kind of results from 2008 to 2015. 

Table 2 shows the experimental data and it can be seen from the data that elongation of the 

composites decreases with the volume fraction of the SiC particles. Decrease in the elongation of 

the composites can be achieved by the decrease in the dislocation slip distance with the increase 

in the volume fraction of SiC particles [10].  
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Fig. 1 shows a typical SEM image of the fabricated composite with 5% and 10% SiC volume 

fraction. In this composite, pores are uniformly distributed in the matrix. Appearance of pores in 

the matrix (due to the low die-pressing pressure) reduced the plasticity of the composites and is 

predominant in initiation of the micro crack formed during deformation [17, 18]. 

There is an increase in the average hardness of composite with an increase the amount of SiC 

particulate. But this SiC can be allocated to (a) the presence of harder SiC particles and (b) during 

indentation, higher restrictions to the localized matrix deformation. So the presence of stronger 

and stiffer particles accommodate in preventing localized plastic deformation of the matrix during 

micro-hardness indentation [19]. 
 

 
Fig. 3 Mechanical properties of composites (Al6061/vol% SiC) 
 

The micro hardness of composite means the interface bonding between reinforcing particles and 

matrix. Table.1 shows the Vickers hardness values of composite for varying volume fraction of 

SiC reinforcement. Table.1 also shows the addition of SiC particles in Al6061 matrix composites 

and Fig. 3 shows that the hardness is increased with an increase in volume fraction of SiC. The 

presence of harder and well bonded SiC particles in Al matrix that impede the movement of 

dislocations increases the hardness of AMCs [20, 21]. 
 
 

4 Conclusions 

Al6061 with varying SiC content (0%, 5%, 10%, 15%, 20% and 25% volume fraction) were 

prepared by stir casting method. Microstructure and mechanical properties (hardness, tensile 

strength and elongation) characteristics of the prepared composites were investigated. Based on 

experimental evaluation, following conclusions are evaluated:  

1. A stir casting route was developed for the metal matrix composites by adding SiC 

particles. Various sizes of MMCs could be produced successfully by stir casting method 

consisting of 10% and 25% volume fraction of SiC particles. 

2. Clustering and homogenous distribution of SiC particles in Al6061 matrix were observed 

in the microstructures. 

3. The increase in compressive strength hardness of composite due to the addition of SiC 

particles because SiC is harder than Al6061 matrix. 

4. Mechanical properties (tensile strength and Vickers hardness) of composites increased 

and elongation is decreased as increased of volume fraction of SiC. Fig. 3 confirmed that 
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tensile strength and Vickers hardness are maximum 25% SiC content and elongation is 

lower at 25% SiC content AMC. 
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