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Abstract 
Metal Matrix Composites (MMC‟s) play a vital role in the 

modern Automotive and Aerospace industries owing to 

their superior strength to weight ratio and high temperature 

resistance. Aluminum-silicon carbide (Al/SiC) MMC‟s is 

gradually becoming very important materials in the 

manufacturing industry due to their superior properties 

such as light weight, low density, high hardness, high 

temperature and superior wear and corrosive resistance etc. 

In this study Aluminum (Al-6063)/SiC Silicon Carbide 

reinforced particles MMC‟s are fabricated by stir casting 

technique. The MMC‟s rectangular plates are produced 

with varying the reinforced particles by weight fraction 

ranging from 0%, 5%, 10%, and 15%. The average 

reinforced particle size of SiC is 400mesh. The stirring 

process was carried out at 700rpm by SS304 Impeller for 

20min. The microstructure and mechanical properties are 

investigated on prepared specimens of MMC‟s. It was 

observed that the hardness and tensile strength both are 

increased with increasing of reinforced particle weight 

fraction. 

Keywords: AA6063, stir casting, SiC, MMC’s 

and weight fraction. 

1. Introduction 
 

The development of simple, cost effective and 

technically efficient processing routes for the 

production of metal matrix composites continues to 

draw the attention of materials researchers. This 

quest is becoming more of a research paradigm in a 

good number of developing countries where there are 

sustained efforts to extend materials design beyond 

the use of traditional metals and alloys by the 

adoption of indigenous technologies (Singla et al., 

2009). The attractive properties of MMCs and its 

higher performance potentials over traditional metals 

and alloys have given the impetus for many such 

research efforts (Miracle, 2005; Ray, 1993).  

The advantages of metallic composites over their 

monolithic counterparts include but are not limited to 

their high specific strength and stiffness, better high 

temperature performance, low thermal expansion 

among others (Zhou and Xu, 1997; Hashim et al., 

1999). Aluminum based matrix composites remain 

the most explored metal matrix material for the 

development of MMCs. This is primarily due to the 

broad spectrum of properties it offers at low 

processing cost (Surappa, 2003). They are currently 

applied in the design of a wide range of components 

for use in aerospace technology, defence, electronic 

heat sinks, solar panel substrates, antenna reflectors, 

automotive drive shaft fins, explosion engine 

components, sports among others (Surappa, 2003; 

Srivatsan et al., 2003).  

Deriving optimized properties from any selected 

Al based matrix composite requires a sound 

knowledge of the material behavior of the composite 

which is influenced by such factors as the base Al 

alloy composition, the manufacturing process, the 

reactivity between the reinforcement and the matrix, 

the size, morphology and volume fraction of the 

reinforcement (Kumar et al., 2010; Christy et al., 

2010; Hassan, 2007).  

The current research work is an effort to study 

the viability of producing Al 6063/SiC composites 

using stir mixing and magnesium metal powder 

additive. This processing method is envisaged will 

reduce drastically the common problem of porosity 

which is observed in metal matrix composites 

produced by casting technique.  
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2. Materials and Experimental Procedure 

In this present work, commercially available 

aluminum (AA6063) in T6 condition was used as 

matrix and reinforced with Silicon Carbide (SiC) 

particulates. The material employed for this study 

was AA6063 (25 x 6 mm strips) with following 

chemical composition (wt); Si (0.20%), Fe (0.35%), 

Cu (0.10%), Mn (0.10%), Mg (0.45%), Cr(0.10%), 

Zn (0.10%), Ti (0.10%) and Al (reminder). The 

melting was carried out in a clay-graphite crucible 

placed inside the top loading Muffale furnace (fig 

1(a)). An induction resistance furnace with 

temperature regulator cum indicator is utilized for 

melting of Al/SiC-MMCs. Aluminum alloy (AA 

6063) was first preheated at 450°C for 2 hours before 

melting and SiC particulates were preheated at 800°C 

for 1 hour 30 minutes. To improve the wetness 

properties by removing the absorbed hydroxide and 

other gases. The furnace temperature was first raised 

above the melting temperature, that is, 750°C, to melt 

the matrix completely and then it was cooled down to 

just below the melting temperature (upto 630 

deg.celsius) to keep the slurry in a semi-solid state. 

At this stage the preheated SiC particles were added 

and mixed mechanically with the help of a 

mechanical stirrer fig 1 (c). Prior to particle addition 

(SiC), 1 wt% of Mg powder was added into the melt 

in order to improve the wettability. The composite 

slurry was then reheated to a fully liquid state and 

mechanical mixing was carried out for 20min at 

400rpm average stirring speed. In the final stage of 

mixing, the furnace temperature was controlled 

within 760 ± 10°C and the temperature was 

controlled at 740°C. Moulds (size 100mm width 

×300mm long x50mm depth) made of mild steel 

sheet were preheated to 350°C for pouring the molten 

Al/SiC -MMC. At this stage the molten Al/SiC slurry 

was poured into the preheated permanent mould or 

die manually. The casting was removed from the die 

when it cooled naturally. Similar process was adapted 

for preparing the specimens of varying weight 

fractions of SiC Fig 1(b). 

        

     Figure 1 (a): Muffale Furnace                        1(b) As cast samples                                 1 (c) Stirrer 

3. Results and Discussion  

Various Experiments were conducted on fabricated 

MMCs samples by varying weight fraction of SiC 

(0%, 5%, 10%, and 15%) and size of SiC particles is 

400 mesh to analyze the casting performance 

characteristics of Al/SiC-MMCs. 

 

 

 

 

 

3.1. Microstructure 

  
Metallographic samples were sectioned from the 

rectangular specimens. Keller‟s etchant solution was 

used to etch the samples wherever required. To see 

the difference in distribution of SiC particles in the 

aluminium matrix, SEM analysis of samples is done 

to see the microstructure of the samples .Figure 2 (a, 

b, c) shows SEM Micrograph of Al/Sic-MMC‟s 

samples for different weight fraction (5%, 10%, and 

15%) of SiC particles. SEM images showed 

reasonably uniform distribution of SiC particles.  
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             Figure 2 (a)                     (b)           (c) 

Composite SEM images of (a) AA6063+5%SiC (b) AA6063+10%SiC (c) AA6063+15%SiC 

 
3.2. Tensile Strength  
 

The tensile test was carried out at room temperature 

on Universal Testing Machine Model-UTN-20, 

Sr.No.-4/79/239, and Max. Capacity-2000 kgs, Make 

Blue Star Ltd. Figure 3 shows standard dimensions of  

 

specimen in accordance with ASTM E08M for 

Tensile Test. Test specimens of standard dimensions 

as shown in Figure 2 were prepared of Al/Sic-

MMC‟s for different weight fraction (0%, 5%, 10%, 

and 15%) of SiC particles.  

  

 
Figure 3: Standard Dimension of Specimen 

  
Four Specimens for tensile testing are prepared. 

Graphs were plotted between tensile force (kgf) and 

Extension (mm) for four specimens against %age SiC 

Fig (4 a, b). The values of tensile force are plotted on 

vertical axes and extension on horizontal axes. The 

specimen passes through the clearly defined stages 

i.e. limit of proportionality, Upper yield value, lower 

yield value, ultimate stress value and finally fractures 

strength value. 

 

Table 1: Four Specimens for Tensile Testing 

Sample no.                  %age of SiC                         UTS(MPa)                       % Elongation  

1                                                         0                                                                   85                                                                14 

2                                                         5                                                                   102                                                            12.8 

3                                                         10                                                                 114                                                            12.2 

4                                                         15                                                                124                                                            11.8 
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                     Figure 4 (a)   %age of SiC                          Figure 4 (b)    %age SiC 

 
3.3. Hardness  

The Rockwell hardness test was done on Rockwell 

hardness tester as graph Hardness vs. % Sic is shown 

in Figure 5. Four samples of Al/Sic-MMC‟s for 

different weight fraction of SiC particles were 

prepared. Samples after test and hardness value on 

dial are presented in table below. The Rockwell 

hardness values with reference to scale HRB were 

taken for all samples and shown by graphs. 

Table 2: HRB with %age of SiC 

Sample no.                                     %age of SiC                                         Hardness(HRB) 

1                                                                                        0                                                                                       42.16 

2                                                                                        5                                                                                       45.6 

3                                                                                       10                                                                                      49.3 

4                                                                                      15                                                                                       51.6 

 

 

 

 

 

 

 

%age of SiC 
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4. Conclusions 

In the present work, AA 6063 wt. %SiC (0, 5, 10, and 

15) composite was successfully fabricated by stir 

casting method. The effect of SiC reinforcement in 

the matrix in terms of microstructures, hardness, and 

tensile strength was investigated and reported in as-

cast condition. From the results of this study, the 

following conclusions were drawn: 

1. The scanning electron micrographs revealed the 

effect of reinforcement on the matrix grain size, 

distribution of reinforcement and 

clustering/agglomeration of reinforcement in the 

matrix. 

2. The hardness, tensile strength, composite increases 

with increase in percentage of reinforcement in as-

cast MMc‟s. This was attributed by uniform 

distribution of reinforcement and further increase 

diminished the mechanical properties due to 

clustering/agglomeration. 

3. Highest hardness, tensile strength, was obtained 

for AA 6063-15 wt. % SiC composite. 
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