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Abstract 

 

The Aluminium based Metal Matrix Composites (MMCs) are generating wide interest in aerospace, automobile, space, 

transportation and underwater applications. This is mainly due to its superior and tailorable properties such as light weight, low 

density, high hardness, high temperature resistance and corrosion resistance. The present research work is related to the 

fabrication of Al6061/SiCp MMC by a low cost stir casting technique. The MMCs plates are prepared by varying the weight 

percentage of SiCp from 5% to 15%. The microstructural investigation of the resulting as-cast composite structures has been 

carried out using Optical microscopy, X-ray diffraction (XRD) analysis and Wavelength dispersive X-ray fluorescence 

spectroscopy (WD-XRF). The 6061 Al alloy - SiCp composite microstructure shows excellent distribution of SiCp in to 6061Al 

alloy matrix. Moreover, XRD analysis reveals the uniform presence of SiC particles into matrix. 
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I. INTRODUCTION 

Metal Matrix Composites (MMCs) are materials consisting of two or more constituent phases, in which a metal is reinforced 

with high strength material like silicon carbide, aluminium oxide etc. This leads to develop MMCs with enhanced mechanical 

properties like high elastic modulus, high specific strength, high wear resistance, improved stiffness, low thermal expansion 

coefficient, exceptional dimensional stability etc. MMCs have gained wide interest in various fields like aerospace, defense, 

automobile and sports. The most commonly used matrices are aluminum, magnesium and titanium while the typical reinforcing 

agents are SiC, B4C, Al2O3 etc. The reinforcing agents may be in a continuous fibre, discontinuous fibre or particulate form [1].  

The recent research and development activity as well as applications have been concentrated on aluminium and its alloy based 

MMCs. The applicability of aluminum-based MMCs is increasing exponentially in aerospace, defense, automotive, and sports 

industries due to their unique properties [2-3]. The density of Al based MMCs is approximately one third to that of steel [4]. 

Aluminium alloy reinforced with Silicon carbide particulate (Al-SiCp MMC) is one of the most commonly used Al based MMC. 

It has widespread applications in almost every field ranging from automobiles to aircrafts. Al-SiCp MMC have very different 

mechanical properties: Young moduli of 70 and 400 GPa, coefficients of thermal expansion of 24x10 -6 / 
°c & 4x10-6/°c  and yield 

strengths of 35 and 600 MPa, respectively. But this can be further improved by carefully controlling the relative amount and 

distribution of the ingredients of a composite as well as the processing conditions [5-6]. The distribution of the reinforcement 

particles in the matrix alloy is influenced by several factors such as rheological behavior of the matrix melt, the particle 

incorporatin method, interaction of particles and the matrix before, during, and after mixing [7]. Non homogeneous particle 

distribution is one of the greatest problems in casting of metal matrix composites [8]. Number of researches have been carried 

out to distribute the particles uniformly in to the matrix. Wettability between the matrix and the reinforcement is another 

significant problem when producing MMC. The addition of Magnesium to the molten aluminium has been suggested by several 

researchers to promote the wetting of  aluminium alloy [5, 9-13].  The heating of silicon carbide particles to 900ᴼC, for example, 

assists in removing surface impurities and in the desorption of gases, and alters the surface composition by forming an oxide 

layer on the surface. Moreover, the position of stirrer has a great effect on uniformity of structure. It has been recommended that 

a turbine stirrer should be placed so as to have 35% liquid below and 65% liquid above to reduce porosity level.  

MMCs are conventionally fabricated using different techniques such as powder metallurgy, squeeze casting and stir casting. 

Among all the techniques, the vortex method/stir casting is one of the better known approaches used to create and maintain a 

uniform distribution of the reinforcement material in the matrix alloy. Its advantages lie in its simplicity, flexibility and 

applicability to large quantity production. It is also attractive because, in principle, it allows a conventional metal processing 

route to be used, and hence minimizes the final cost of the product. This liquid metallurgy technique is the most economical of 

all the available routes for metal matrix composite production [14], and allows very large sized components to be fabricated. The 

cost of preparing composites material using a casting method is about one-third to half that of competitive methods, and for high 

volume production, it is projected that the cost will fall to one-tenth [15].  
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A two step-mixing method of stir casting technique has been adopted by Manoj et. al. [16] to obtain uniform dispersion of 

reinforcement in the matrix. Commercially performed Aluminium-98.41% and SiC–320 grit has been chosen as matrix and 

reinforcement material respectively. Experiments have been conducted by varying weight fraction of SiC from 5% to 30%. The 

results indicated that the developed method is quite successful and also hardness and impact strength increases with increase in 

weight percentage of SiC. The best results have been obtained at 25% weight fraction of SiC. Mohan et. al. studied the effect of 

weight fraction on the mechanical properties of Al 356- SiCp composite [17]. They revealed that a reasonable increase in 

hardness and decrease in ductility is achieved with increasing silicon carbide content. Moreover, marginal increase in ultimate 

tensile strength in the alloy is achieved due to inadequate homogeneity of SiC particles in the matrix. This perhaps could be due 

to inefficiency of stirring during casting of the composite. Meena et. al. [18] carried out a research work on the fabrication of Al-

6063/SiC MMC by stir casting route. In this work, MMCs have been prepared in the form of bars and circular plates by varying 

weight fraction of reinforced particulates from 5% to 20% and mesh size of SiC from 220 to 400. Moreover, the microstructure 

and various mechanical properties like proportionality limit, tensile strength and hardness etc. were also investigated on prepared 

specimens of MMCs. The result shows that the hardness and tensile strength of the as cast MMCs were directly affected by 

particulate mesh size and weight fraction. Furthermore, it was also found that impact strength was inversely proportional to the 

particulate mesh size and directly proportional to the weight fraction. Bhushan et. al. [19] carried out a research work on the 

fabrication and characterization of AA7075/10wt%SiCp and AA7075/15wt% SiCp MMC.  The stir casted composite structures 

were analyzed using scanning electron microscopy (SEM), X-ray diffraction (XRD), differential thermal analysis (DTA), and 

electron probe microscopic analysis (EPMA). Moreover, SiCp distribution and interaction with 7075 Al alloy matrix is studied.  

The microstructure obtained by 7075 Al alloy–SiCp composite shows excellent SiCp distribution into 7075 Al alloy matrix. In 

addition to this, no evidence of secondary chemical reactions were observed in XRD and EPMA analysis. Decomposition step in 

derivative thermogravimetric (TG) curve is seen at temperature of 1257°C, 1210°C and 1256 °C for 7075 Al alloy, 

AA7075/10wt.%SiCp (20–40μm) and AA7075/15wt.%SiCp (20–40μm) composite respectively.  This research work is first of its 

kind, and it has been concluded from TG curve that these composites can be successfully used for elevated temperature 

applications where temperature does not exceed beyond 1250°C.  

During literature review, it has been analyzed that the wettability decreases and the agglomeration and settling tendencies 

increases beyond 20% SiCp volume in the matrix alloy. Therefore, 5-15wt.% SiC MMC was chosen for the present research 

work. It has also been noticed that maximum percentage of SiCp in A356, 2xxx, and 6xxx series Al alloy is up to 30 %. It is 

found that the tool wear is excessive and surface finish is very poor as the percentage of SiCp increases in these Al alloy matrix. 

It is extremely difficult to have uniform distribution of SiCp if their percentage is more than 15%. Moreover, it becomes 

impossible to give required shape to components if percentage of SiCp exceeds 20%. 

The abovementioned literature review shows that no experimental work has been reported so far about effect of addition of 

5%, 10% and 15 wt.% SiCp on the microstructure of 6061Al alloy fabricated by stir casting process. Moreover, compositional 

analysis of MMCs by Wavelength dispersive X-ray fluorescence spectroscopy (WD-XRF) has not been reported yet. Therefore, 

the objective of the present work is to fabricate a Al6061/SiCp MMC by a low cost stir casting technique. The MMCs plates are 

prepared by varying the weight percentage of SiCp from 5% to 15%. The microstructural investigation, compositional analysis of 

the resulting as-cast composite structures has been carried out using Optical microscopy, XRD analysis and Wavelength 

dispersive X-ray fluorescence spectroscopy (WD-XRF). Moreover, an effort has been made to strengthen and uniformly disperse 

the SiC particles by effective stirring. 

II. EXPERIMENTAL WORK 

 Selection of Matrix and Reinforcement 

 Matrix Material 

Aluminum 6061 alloy is selected as the matrix material. Aluminium alloy 6xxx series, especially 6061, is a general purpose 

alloy. It is used extensibly in civil, aviation and automobile sector. This is the least expensive and most versatile of the heat 

treatable aluminum alloys. It has a very good corrosion resistance, finishability, and excellent weldability. The composition of 

6061 aluminium alloy is shown in Table I.  

Table – 1 

Composition of 6061 Aluminium alloy 
Si Fe Cu Mn Mg Cr Zn Ti Al 

0.4-0.8 0.7 0.15-0.4 0.15-1.2 0.8 0.04-0.35 0.25 0.15 Balance 

 Reinforcement 

Reinforcements most often used in commercial applications are Al2O3, B4C, SiC, TiB, and TiC. The most commonly used 

reinforcement is SiC followed by Al2O3 and TiC. SiC is highly wear resistant and also has good mechanical properties including 

high temperature strength and thermal shock resistance. SiC maintains its high mechanical strength in temperatures as high as 

1400°C. It has higher chemical corrosion resistance than other ceramics. Hence, SiC of 320 mesh size has been selected as the 

reinforcement. 
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 Fabrication of Al6061/SiCp MMC 

The 6061Al alloy reinforced with 5%, 10% and 15 wt.% SiC are fabricated by one of the most economical stir casting process. 

Six castings in the shape of plates were prepared for Al alloy and SiC composites by pouring the molten metal into cast iron 

permanent mould.  

Stir casting procedure for Al6061/SiC MMCs is given below: 

The stir casting experimental setup used for fabricating Al-SiCp MMC is shown in Fig.1 (a), (b). It consists of furnace for 

heating the metal, preheating furnace, Stirrer with motor for mixing the particles etc.  

   
Fig. 1: (a) Stir casting Fabrication setup      (b) Resistance Muffle Furnace for Preheating 

The programmable logic control high temperature muffle furnace with stirrer and motor has been used for melting the scraps 

of commercially available aluminium 6061Al alloy. First of all, the  SiC particles were preheated in a separate muffle furnace at 

900°C for 2 h in order to remove the volatile substances and impurities present and to maintain the particle temperature closer to 

melting point of aluminium alloy. The preheating of SiC particles leads to the artificial oxidation of the particle surface forming 

SiO2 layer. This SiO2 layer helps in improving the wettability of the particle. Thereafter, Al6061 billets were charged into the 

furnace and melting was allowed to progress until a uniform temperature of 750°C was attained. The flux is added to Al alloy 

during melting to prevent oxidation of the aluminium. The melt was then allowed to cool to 600°C (slightly below the liquidus 

temperature) to a semi-solid state and SiC preheated mixture was added to the melt in fragments and manual stirring of the slurry 

was performed. Thereafter, small amount of Mg less than 1% of the total weight is added to improve the wettability between the 

reinforcement and the alloy. After performing 5 min of manual stirring, rest amount of SiC is added alongwith the 

hexachloroethane tablets for degassing the molten metal and to prevent porosity in the cast composites. After the manual stirring, 

the composite slurry was reheated and maintained at a temperature of 750ᴼ C ± 10ᴼ C (above the liquidus temperature) and then 

mechanical stirring was performed.                         

The stirring operation was performed for 10 minutes at an average stirring rate of 150rpm. Platinum-Rhodium thermocouple 

was utilized in all cases to monitor the temperature readings of the furnace. The permanent cast iron mould is preheated at a 

temperature of 350°C before the pouring of composite mixture in to it. After that the composite is solidified, dried and taken out 

from the permanent mould. 

III. CHARACTERIZATION OF AL6061/5%SICP, AL6061/10%SICP AND AL6061/15%SICP MMC 

 Microstructure:  

The microstructural investigation of the stir casted MMCs has been carried out by optical microscope. The rectangular samples 

have been prepared for analyzing the microstructure. The samples were grinded and rubbed on an emery paper of 100-400 mesh 

sizes followed by polishing with alumina on fine polishing machine. Moreover, conventional polishing techniques are used for 

polishing the samples. Thereafter, samples are cleaned and etched with 0.5 % HF solution to see the difference in distribution of 

SiC particles in the aluminium matrix.  The optical micrographs of the as-cast composite revealed that the agglomerations of SiC 

particles are uniformly distributed in the matrix as shown in fig. 2 (a), (b) & (c) respectively.  
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Fig. 2: (a) Al6061/5%SiCp      (b) Al6061/10%SiCp         (c) Al6061/15%SiCp 

It can be seen that the silicon carbide particles (5 wt. %) are not uniformly distributed but are well bonded with the aluminium 

matrix. As the SiC particles content increases up to (10 wt. % and 15 wt. %), the microstructure became dense and darker. But 

the distribution of reinforcement particles still uniform and in good bonding with aluminium matrix. The presence of silicon 

carbide particles in the microstructures could impede the movement of dislocations, thereby improving the strength of composite. 

The degree of strengthening produced also depends on the size of particles, their distance apart and the tenacity of the bond 

between particles and matrix. 

 XRD analysis 

XRD analysis has been carried out to analyze and identify the unwanted material present in the composite material. Fig. 3 (a), (b) 

& (c) shows the XRD patterns of Al-SiCp MMC at 2-theta scale. The diffraction angle (2θ) is maintained between 5° and 120° 

during the entire XRD analysis. It has been clearly observed from the XRD analysis that no other unwanted materials were 

present instead of Al and SiC. 

   
Fig. 3: (a) Al6061/5%SiCp MMC      (b) Al6061/10%SiCp MMC       (c) Al6061/15%SiCp MMC 

 XRF analysis 

A WD-XRF Spectrometer Model-S8, Make TIGER Bruke has been used for analyzing the elemental composition and spectrum 

of Al-SiC MMC. Circular samples of 34 mm diameter are prepared for XRF analysis. Fig. 4 shows that the SiC is uniformly 

dispersed throughout the matrix.  

 
Fig. 4: XRF spectrum of Al-SiC MMC 
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IV. CONCLUSIONS 

The following conclusions have been drawn from the experimental study: 

1) Al6061/5%SiCp, Al6061/10%SiCp and Al6061/15%SiCp MMC have been successfully fabricated by stir casting method by 

two step addition of reinforcement combined with preheating of particulates. 

2) The optical micrographs of composites produced by stir casting method shows fairly uniform distribution of SiC particulates 

in the 6061Al alloy matrix. 

3) Alloying of Al matrix with 1wt.% Mg and its segregation at the interfaces has been found to be effective in restricting the 

formation of Al4C3 at the interfaces during casting. Oxidation of SiC has prevented/restricted due to addition of flux during 

melting. Moreover, hexachloroethane tablets added during mixing of SiC particles helps in preventing the porosity in cast 

MMC. 

4) The XRD analysis clearly observed that the major amount of Al and SiC is present with little amounts of other impurities. 

5) XRF analysis reveals that the amount of SiC particles added initially are mixed uniformly throughout the matrix. The results 

obtained from the present research work are in good agreement with the literature available.   
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