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Abstract 

In the present investigation, studies on microstructure and mechanical 

properties of Aluminium Matrix Composites (AMCs) reinforced with silicon 
carbide (SiCp) and graphite (Gr) particles. A356 alloy is used as the matrix 

material with varying the reinforcement of SiCp from 0 to 9 wt% in steps of     

3 wt% and fixed quantity of 3 wt% of graphite. The composites were fabricated 

by liquid metallurgy method. The prepared composites were examined for 

microstructure to know the particle distribution in the matrix material. Hardness 

and tensile properties were studied and compared with the alloy. There was a 
significant improvement in hardness and tensile properties by increasing the 

weight percentage of SiC particles. 

Keywords: Metal matrix composites, Stir casting, Microstructure, Hardness,  

                   Tensile properties. 

 

 

1.  Introduction 

Aluminium is used as a matrix material because of its attractive characteristics and 

second most available material. Aluminium alloy alone shows poor mechanical and 

tribological properties. This leads for the development of new material. Most of 

research work on MMCs was carried out on SiC, Al2O3, Gr particle reinforcements 

and few worked on combination of reinforcements (hybrid composites). 
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The composite is a fascinating material due to their attractive properties, such 

as high strength to weight ratio, modulus of elasticity, light weight, and low 

coefficient of thermal expansion, etc. The Metal Matrix Composites (MMCs) a 

class material consists of metallic alloy and reinforced with ceramic particles such 

as whiskers, short and long fibres or particles. The metal matrix composites are 

very attractive in automobile, sports, and defence and aerospace applications. In 

metal matrix, properties can be tailored by addition of hard and soft reinforcement 

materials in the form of particles. Particulate reinforced composites are less cost 

compared with fibre reinforced composites. The particulate material shows 

isotropic physical properties, it enhances the mechanical and tribological 

properties of the composite material [1].  

Aluminium (Al) is the most popular matrix for the MMCs. Al alloys are 

attractive, because of their low density, good thermal, electrical properties, 

corrosion resistance and having good damping capacity. The commonly used 

matrix materials are Al, Zn, Cu, Mg, etc. and reinforcement materials are SiCp, 

Al2O3, Gr, ZrO2, etc. The particle size, volume fraction, shapes of the particles 

very much influence the mechanical properties of composite materials. The earlier 

researchers worked on Al/SiCp, Al/Al2O3, Al/Gr reinforced material,  which 

enhances the physical and mechanical property of the composite material. 

Davidson et al. [2] studied on mechanical behaviour of 6061 aluminium alloy 

reinforced with copper coated and uncoated SiC particles. The copper coated SiC 

particles improves the bonding strength with matrix material and applied load 

more effectively transferred from the particles, which enhance the larger strain 

failure compare with uncoated SiC particles.  

Sahin et al. [3] reported that hardness, density of the material increases with 

increasing the content of ceramic reinforcement and porosity decreases with 

increasing particles content. Xiao-Dong et al. [4] studied on 5210 Al/SiCp 

composite with 55 vol. % of SiCp fabricated by squeeze casting method. The 

bonding strength was increased as the particle size was reduced. Larger particle size 

produces larger flaws with more defects and decreases the strength of the material. 

Saravanan et al. [5] studied on composites A356-10 vol. % SiCp with excess 

addition of 0.4% magnesium. The hardness and Young’s modulus of the material 

increase with addition of SiC particles. Addition of extra magnesium to the 

composite slurry,  increases the wettability. Akhlaghi et al. [6] reported that, as 

the particle size increases it lead to slight increase in tensile strength over the 

unreinforced aluminum.  

Seah et al. [7] studied on mechanical properties of zinc-aluminium 

alloy/graphite particles. Ductility, ultimate tensile strength (UTS), compressive 

strength and Young’s modulus increased and significant decrease in hardness of 

the composite material was observed. Lin et al. [8] reported that increase in 

graphite content in aluminium matrix material, reduces the UTS, Young’s 

modulus and elongation of composite. This is due to cracking of the 

matrix/particulate interface, reduces the percentage elongation with addition of 

graphite particle. 

 The mechanical and physical properties were increased by increasing the 

content of SiCp to the aluminium matrix alloy but decrease in machining property 

of the material. To maintain the high mechanical and improve the machining 

property of the material addition of graphite content in Al/SiCp composite 
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material results in Al/SiCp/Gr hybrid composites. Guo and Yuan [9] reported that 

the SiCp/Gr/Al6013 shows peak hardness in shorter time compared with Al6013 

alloy during artificial aging.  

The composites were fabricated by liquid metallurgy route. Stir cast method is 

practically easy, cost is less, and uniform distribution of the reinforcement into 

matrix alloy is possible. Stirring was carried out at semi solid condition and all 

the particles were easier to incorporate in matrix alloy. At volume percentage of 

SiCp higher than 10% in matrix alloy the wettability decreases and agglomeration 

and settling tendencies increases [10, 11]. Therefore 9 wt.% of SiCp was chosen 

for present work. 

Aqida et al. [12] studied on various stirring speeds and pre-heating the 

particles to avoid porosity. Naher et al. [13] studied on liquid and semi-solid stir 

casting technique to produce an Al-SiCp composite. The stirring speed from 200 

to 500 rpm of slurry in semi-solid state produced uniform distribution in matrix 

without addition of any wetting agent. Al-Si constituent alloys used as major 

alloying element as it produces excellent castability [14-17]. The addition of 3-7 

% volume fraction of graphite particles to the SiCp/Al material, improves the 

machinability and tribological properties but it decreases the tensile, elastic 

modulus of the material therefore the content of the graphite is limited to 3 wt. % 

in this work [18]. 

A356 alloy was chosen as it is having good castability, weldability and good 

resistance to corrosion. Along with SiCp of 25 µm and Gr of 44 µm were added 

as the reinforcement materials. 

 

2.  Experimental Procedure  

2.1.  Material preparation 

The chemical composition of the matrix material A356 is given in Table 1. The 

SiC particles were varied from 0-9 wt% in steps of 3 wt% and 3 wt% of Gr 

particles of was added. 

Table 1. Composition of A356 Aluminium Alloy [19]. 

Elements Cu Mg Mn Si Fe Zn Ti Others Al 

Wt. % 0.1 0.4 0.06 7.0 0.1 0.04 0.1 Traces Balance 

 

Among all the liquid state process, stir-casting technology is considered to be 

the most potential method for engineering applications in terms of production 

capacity and cost efficiency. The stirring speed, time and Pre-heating of 

reinforcements influence the improvement in mechanical property, which will 

help in uniform distribution [20-26]. A two-step mixing method was involved to 

produce cast composites for better particle distribution. 

The melt was carried out in graphite crucible, in a resistance furnace SiCp and 

Graphite particles were preheated for 2 hours to make their surface oxidized. 

Then the reinforcements were slowly added into the crucible. To enhance the 

wettability between reinforcement and matrix alloy 1 wt% of Mg was added. The 
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hexachloroethane (C2Cl6) tablets were added, which decompose to form 

Aluminium chloride (AlCl3) gas bubbles. The tablets were plunged deep into 

metal and kept for bubbling [10, 11]. After sufficient mixing using automatic 

mechanical stirrer at a stirring speed of 500 to 600 rpm for 10 minutes the slurry 

was poured into preheated mould box to avoid the formation of porosity in the 

composite material. 

 

2.2.  Testing 

Hardness and tensile tests were carried out at ambient temperature. The hardness 

tests were conducted using Vickers macro hardness testing system as per ASTM 

E-92 standard [27]. The tests were repeated for three Vickers indents for each 

specimen and average values were considered. A specimen sample was ground 

with series of emery papers down to 600 grit size and polished with diamond 

paste of 1- 2 micron size. Further the specimen was polished by electrolytically 

and etched. Tensile tests were carried out using computerized universal tensile 

testing machine. Tests were repeated for six times and an average values were 

considered. The tensile specimens were machined according to the ASTM E8 

standard shown in Fig.1.  
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Fig. 1. Tensile Test Specimen Dimension [28]. 

 

3.  Results and Discussion 

3.1.  Micrograph studies 

Microstructure consists of fine dendrites of aluminium solid solutions with fine 

eutectic silicon particles at inter dendritic regions. The coarser SiC particle was 

observed and Graphite particles were associated with SiC particles. 

 

3.2.  Macro hardness 

The hardness of the composite material is shown in Fig. 2 which increased with 

increasing the SiCp. In hybrid composites hard SiCp acts as a load bearing 

member, it enhances the mechanical property of the material. The hardness of the 

composite increased about 9 percent as the reinforcement content of SiC and 

graphite particles were varied from 0 to 3 wt%. The hard silicon particles are 

present along the flow lines and act as barriers to the movement of dislocations 

within the matrix. It increases the volume fraction of hard particle which increases 

the hardness of the material. Figure 3 show similar results were observed for 

A356/SiC [29] and Al-Si/SiC [30] by earlier researchers.  
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Fig. 2. Variation of Hardness with Increases in SiCp.  

 

     
(a) (b) 

        
                                (c)              (d) 

Fig. 3. SEM of (a) A356 alloy.   (b) A356-3%Gr-3%SiCp. 
(c) A356-3%Gr- 6%SiCp. (d) A356-3%Gr-9%SiCp. 

 

Hardness of the specimen increases with increase in SiC [3, 5] and decrease in 

the hardness were observed with reinforcement of Gr [7]. Inclusion of both SiC 

and Gr will not yield as good result when compared with SiC alone [31, 32]. 

The hardness was measured by Vickers diamond indenter, the indentation 

formation is shown in Fig. 4. 
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Fig. 4. (a) Before Indentation at 100x  (b) After Indentation at 100x. 

 

3.3. Tensile strength 

The tensile strength of the composite increased with increase in SiCp particles 

shown in Fig. 5. The tensile strength of the composite material improved by 5%, 

with an addition of 3 wt% of SiC and graphite particles. The reinforcement of the 

particle in alloy plays a significant role in overall strength of the composite. The 

increase in strength of the matrix enhances the mechanical properties of the 

composites. The presence of reinforcement in the alloy generates dislocation 

across the span of lattice. Dislocation motion is controlled by either the 

dislocation interactions, direct dislocation particulate interaction with the matrix 

structure. The generation of dislocation as a result of heavy pile up of dislocations 

at the grain boundary as well as the particle-matrix interface which causes the 

increase in strength of the composites.  

The increase in tensile strength was due to SiC particles acting as barriers to 

dislocations. This dislocation motion increases the dislocation density, which 

positively contribute the strengthening of the A356SiC/Gr composite. The inter 

particulate distance between the reinforcements increases the resistance to 

dislocation motion as reinforcement content increased. During deformation, the 

matrix material has to push the reinforcement’s particles further during the 

process the dislocation piles up. This will restrict to plastic flow in the matrix 

provides good strengthening of the composites. Tensile strength increases up to 

10 wt. % of SiCp and decreases with 15 wt. %. This is due to the inadequate bond 

between particles and matrix material when the percentage is increased [30].  

 

Fig. 5. Variation of tensile strength with increases in SiCp. 
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Figure 6 shows the variation of elongation with increase in SiCp leads to 

decrease in the percentage elongation of the hybrid composite material. The SiCp 

gets oriented in the rolling direction. The alignment of SiCp aids in the better flow 

of the matrix, compared with the base alloy.  

The effect of inclusions on tensile properties of A356 alloy influence on 

tensile properties, as it reduces the property of the material that can be overcome 

by degassing. As degassing is very effective in removing the inclusions, it results 

in improvement in tensile and maintains the high percentage elongation of the 

material [33].  

 

Fig. 6. Variation of Elongation with Increasing in SiCp. 

The yield strength and elastic constant was increased due to addition of SiCp 

in A356 matrix material compared with alloy. When external load is applied on 

composite material, it produces strong internal stress between SiCp and matrix 

material. These types of stresses protect from slip behavior and increase the strain 

hardening rate. The SiCp and Si particle were found along the dendrite boundaries 

that act as barriers and increases the strength of the material [34].   

The increase in volume fraction and particle size of graphite, reduces the 

tensile strength and elastic modulus. The tensile strength of SiC/Al material 

decreases with addition of graphite particles. It is mainly due to lower 

strength of graphite as compared with matrix alloy and SiCp. The Al/SiC 

material failed in ductile and Al/Gr failed in brittle manner. Graphite particles 

in composite material parallel to the basal plane produce weak Van der Waals 

forces, resulting in weak bond interface between Al/Gr materials. It produces 

a crack source and propagates rapidly along Al/Gr interface. Al/SiC material 

produces a plastic deformation with increasing volume fraction graphite 

particles, crack sources increases and hence decreases the tensile strength of 

the composite material [35].  

The improvement in hardness and tensile strength were obtained in the present 

work with inclusion of reinforcements. Riahi and Alpas [36] and Leng et al. [37] 

reinforced SiC and Gr with aluminium to obtain the similar results which are in 

line with the present work. 
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4.  Conclusions 

From the experimental investigation the following conclusions were drawn on the 

mechanical properties SiCp and graphite particles reinforced A356 aluminium 

alloy composites 

• A356 hybrid composites have been successfully fabricated by liquid 

metallurgy route with uniform dispersion of SiCp and Gr particles. 

• The hardness of composites increased significantly with addition of SiCp, 

while maximum hardness was obtained for 9% of SiCp. 

• The addition of low weight percentage of SiCp to A356 leads to increase in 

tensile strength and decrease in percentage elongation. 
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