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ABSTRACT 

Aluminum alloys are widely used in aerospace and automobile industries owing to their low density, good 

mechanical properties, better corrosion and wear resistance, low thermal coefficient of expansion as compared to 

conventional metals and alloys. On viewing from both scientific and technological aspects, their excellent 

mechanical properties and relatively low production cost makes them a very viable candidate for a variety of 

applications. In this paper an attempt has been made to provide a literature review on the overall manufacturing 

techniques of reinforced composites along with the recent techniques employed in the fabrication process and also 

discusses the influence of process parameters on properties of Aluminium based MMC. 

Keywords -AMC, Ultrasonic assisting casting, FSP, In-situ. 

INTRODUCTION 

Nowadays, finding ways to develop new structural materials with higher strength to weight ratios is one of the 

biggest challenges in the transportation and aerospace industry is. Properties like high specific strength, stiffness, 

better wear resistance and improved elevated temperature properties compared to the conventional metals and 

alloys are the key reasons for the increasing attention towards Metal Matrix Composites (MMCs). A variety of 

processing ways have been established for the production of particle/whisker/short fiber reinforced composites. Stir 

casting is one of the most universally used approaches to manufacture particle reinforced composites. 

CLASSIFICATION OF LIQUID STATE FABRICATION OF METAL MATRIX COMPOSITES 

Processing of Aluminum Matrix composites: Homogeneous distribution of the reinforcement phases to achieve a 

defect-free microstructure is one of the key challenges in processing the composites. The reinforcing phases in the 

composite can be either particles or fibers, based on the shape. The relatively low material cost and suitability for 

automatic processing has made the particulate-reinforced composite preferable and classified as two main groups.  

(i). Liquid state processes: Liquid state processes include stir casting, compo casting, squeeze casting, spray casting 

and in situ (reactive) processing, ultrasonic assisted casting. 

(ii). Solid state processes: Solid state process includes powder metallurgy (PM route), high energy ball milling, 

friction stir process, diffusion bonding and vapor deposition techniques. Type and level of reinforcement loading, 

the degree of microstructural integrity desired, etc., are some of the factors that influence the selection of the 

processing routes. 

OBJECTIVE OF THE PAPER 

The main objective of this paper is to discuss the various existing and recent fabrication techniques of Aluminium 

based MMC. Second objective is to provide a comparative analysis of the fabrication techniques and suggest a least 

expensive method for the scientific and technical applications. 

TECHNIQUES EMPLOYED IN FABRICATION 

LIQUID STATE FABRICATION OF METAL MATRIX COMPOSITES  

Stir casting: In stir casting, a dispersed phase (ceramic particles, short fibres) is mixed with a molten metal matrix 

by means of mechanical stirring. In a recent development in stir casting is a two-step mixing process. The matrix 

material is heated to above its liquidus temperature so that the metal is totally melted. The melt is then cooled down 

to a temperature between the liquidus and solidus points and kept in a semi-solid state. At this stage, the preheated 

particles are added and mixed. The slurry is again heated to a fully liquid state and mixed thoroughly. The 

effectiveness of this two-step processing method is mainly attributed to its ability to break the gas layer around the 

particle surface.  
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Fig. 1.1 Schematic view of setup for Fabrication of Composite 

Marlon Jones Louis carried his research work on composite material based on aluminum alloy (Al 2024) 

reinforced with 10% volume fraction of Silicon Carbide Particulates (SiC) and 5 % volume fraction of Graphite 

particles produced by stir casting method. The experimental results were compared with the conventional 

Aluminium 2024 where one can see that the composite material plays a dominant role than the Aluminium 2024 

with respect to its strength, ductility and hardness. Dynamic analysis is a very important investigation when it 

comes to the composite materials, where these can exhibit diversity in material properties as well as shapes. The 

main idea of this work is to perform analysis which gives the information about cracks and the locations of the 

damages on composite materials. (marlon, 2014) 

Compo casting: Compo casting is a liquid state process in which reinforcement particles are added to a solidifying 

melt while being vigorously agitated. It has been shown that the primary solid particles already formed in the 

semisolid slurry can mechanically entrap the reinforcing particles, prevent their gravity segregation and reduce 

their agglomeration. These will result in better distribution of the reinforcement particles. The lower porosity 

observed in the castings has been attributed to the better wettability between the matrix and the reinforcement 

particles as well as the lower volume shrinkage of the matrix alloy. 

Niroumand et.al states that in synthesis and characterization of 356-SiCp composites by stir casting and 

compocasting methods. 356-5%SiCp (volume fraction) composites, with average SiCp sizes of about 8 and 3 μm, 

were produced by injection of different forms of the reinforcement particles into fully liquid as well as semisolid 

slurries of 356 aluminum alloy and the effects of the injected reinforcement form and the casting method on 

distribution of the reinforcement particles as well as their porosity, hardness and impact strength were investigated. 

It increases the hardness and the impact energy of the composites and decreases their porosity. (niroumand, 2010) 

Squeeze Casting : Squeeze Casting Infiltration or pressure die infiltration – is a forced infiltration method of liquid 

phase fabrication of Metal Matrix Composites, using a movable mould part (ram) for applying pressure on the 

molten metal and force it to penetrate into a preformed dispersed phase, placed in the lower fixed mould part.  

G. N. Lokesh et. al. studied the effect of hardness, tensile, compression and impact properties as well as density. 

The Al-4.5% Cu (by weight) alloy was chosen as base matrix casted by both stir and squeeze casting. Fly ash is one 

of the most inexpensive and low density reinforcement available in large quantities as solid waste is used as 

reinforcement. The Al-4.5wt%Cu reinforced 3, 6, 9 and 12wt%fly ash composite was squeeze casted with an 

applied pressure of 120MPa. The results showed that hardness tensile compression and impact values were 

increased by increasing weight percentage of fly ash reinforcements during squeeze casting. Porosity and other 

casting defects such as shrinkage cavities were minimized due to pressure applied during solidification. Increase in 

weight percentage of fly ash composites caused to increase porosity even in squeeze casting but lesser than gravity 

cast matrix alloy. Microstructure shows the absence of micro porosity, and grain refinement interfacial bond 

between matrix and reinforcement. (GN Lokesh, 2013) 

Spray Deposition: This technique typically consists of winding fibers onto a foil-coated drum and spraying molten 

metal onto them to form a mono tape. The source of molten metal may be powder or wire feedstock which is 

melted in a flame, arc, or plasma torch. 

In-situ Fabrication of Metal Matrix Composites: In-situ synthesis is a process wherein the reinforcements are 

formed in the matrix by controlled metallurgical reactions. During fabrication, one of the reacting elements is 

usually a constituent of the molten matrix alloy. The other reacting elements may be either externally-added fine 

powders or gaseous phases. One of the final reaction products is the reinforcement homogeneously dispersed in 

matrix alloy. This kind of internally-produced reinforcement has many desirable attributes. For example, it is more 

coherent with the matrix and has both a finer particle size and a more homogenous distribution. However, the 

process requires that the reaction system be carefully screened. (christy, 2010) 
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Manas Mohan Mahapatra et. al carried out research work on addition of reinforcement such as TiC, SiC, Al2O3, 

TiO2, TiN, etc. to Aluminium matrix for enhancing the mechanical properties has been a well-established fact. In-

sit method of reinforcement of the Aluminium matrix with ceramic phase like Titanium Carbide (TiC) is well 

preferred over the Ex-sit method. In the present investigation, Al-Cu alloy (series of 2014 Aluminium alloy) was 

used as matrix and reinforced with TiC using In-sit process. The Metal Matrix Composite (MMC) material, Al-

.5%Cu/10%TiC developed exhibits higher yield strength, ultimate strength and hardness as compared to Al-

4.5%Cu alloy. Percentage increase in yield and ultimate tensile strengths were reported to be about 15% and 24% 

respectively whereas Vickers hardness increased by about 35%. The higher values in hardness indicated that the 

TiC particles contributed to the increase of hardness of matrix. (manas, 2012) 

Ultrasonic assisted casting: It combines solidification processes with ultrasonic cavitation based dispersion of 

nanoparticles in metal melts. Ultrasonic cavitation can produce transient (in the order of nanoseconds) micro‚ hot 

spots that can have temperatures of about  5000ºC,pressures  above  1000  atms,  and  heating and  cooling  rates  

above  1010  K/s . The  strong  impact coupling with local high temperatures can potentially break the  nanoparticle  

clusters  and  clean  the  particle  surface. Since the nanoparticle clusters are loosely packed to gather, air could be 

trapped inside the voids in the clusters which will serve as nuclei for cavitation.  The  size  of  clusters ranges  from  

nano  to  micro  due  to  the  attraction  force among nanoparticles and the poor wettability between the nano 

particles and metal melt. (suslick, 1999) 

Jain P. K. et. al  prepared the composites by ultrasonic cavitation  assisted  fabrication  and  investigate  the  effect 

of selected  nanomaterials  (SiC,  B4C,  CNTs)  on  the microstructure  and  mechanical  properties  of  composite,  

a new  method  is  used  to  avoid  agglomeration  and segregation  of  particles.  Then,  tensile  specimens  with 

different  weight  fractions  of  nanomaterials  are  cast  and tested. The microstructure of the composites is 

investigated by scanning electron microscopy (SEM). (Jain, 2009) 

SOLID STATE FABRICATION OF METAL MATRIX COMPOSITES  

Powder Metallurgy (PM route): Powder metallurgy is the process of blending fine powdered materials, pressing 

them into a desired shape (compacted), and then heating the compressed material in a controlled atmosphere to 

bond the material (sintering). The powder metallurgy process generally consists of four basic steps: (1) powder 

manufacture, (2) powder mixing and blending, (3) compacting, (4) sintering. Compacting is generally performed at 

room temperature, and the elevated-temperature process of sintering is usually conducting at atmospheric pressure. 

Optional secondary processing often follows to obtain special properties or enhanced precision. 

C.S. Verma et. al. Al-SiCp composites with 5 to 30 weight % of SiCp were fabricated using powder metallurgy 

process. The density, porosity, hardness, compressive strength and indirect tensile strength of Al-SiCp composites 

were found to increase with increase in the wt. % of SiCp  from 5 to 30 weight percent. Mechanical alloying of 

powders resulted in improvement in hardness and compressive strength of Al –SiCp composites with 5 to 30 weight 

% of SiCp. (verma, 2012) 

Diffusion bonding  

It is a common solid-state processing technique for joining similar or dissimilar metals. Inter diffusion of atoms 

between clean metallic surfaces, in contact at an elevated temperature, leads to bonding. It is also used for 

fabrication of MMC. The principal advantage of this technique is the ability to process a wide variety of metal 

matrices and control of fiber orientation and volume fraction. 

Friction Stir Process: FSP is a solid state processing technique to obtain a fine-grained microstructure. This is 

carried out using the same approach as friction stir welding (FSW), in which a non-consumable rotating tool with a 

specially designed pin and shoulder is plunged into the interface between two plates to be joined and traversed 

along the line of the joint. Localized heating is produced by the friction between the rotating tool and the work 

piece to raise the local temperature of the material to the range where it can be plastically deformed easily. It is well 

known that the stirred zone consists of fine and equiaxed grains produced due to dynamic recrystallization. Though 

FSP has been basically advanced as a grain refinement technique, it is a very attractive process for also fabricating 

surface Composites.  

C. Maxwell Regil et. al. carried  out the FSP at  a tool  rotational  speed  of  1600  rpm,  traverse  speed  of  60  

mm/min  and  axial  force  of  8  KN.  Two passes were applied in opposite directions.  The  microstructure  and  

sliding  wear  behavior  of  the  fabricated  SCLs  were evaluated.  TiC and B4C particles were distributed 

homogeneously in the SCLs.  Both  the  particles  behaved as  one  type  of  reinforcement  particle  during  FSP.  
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Addition  of  TiC  and  B4C  particles  enhanced  the  wear  resistance  of  AA6360.  50%TiC + 50%  B4C  hybrid 

SCL exhibited  lowest wear  rate. (maxwell, 2012)

Comparison of metal matrix composites fabrication techniques    

Liquid state fabrication route    

S.No 

MMC 

fabrication 

route 

Inference Applications 
Cost 

Aspects 

1 Stir casting 

Depends on material 

properties and process 

parameters. 

Suitable for particulate 

reinforcement in AMC. 

Applicable to large quantity production. 

Commercial method of producing aluminium 

based composites. 

Least 

expensive 

2 
Squeeze 

casting 

Pertinent applicable to any 

type of reinforcement and 

suitable for mass 

production. 

Used in automotive industry and aeronautical 

industry for producing different components 

like pistons, connecting rods, rocker arms, 

cylinder heads, front steering knuckle, 

cylindrical components etc 

Moderate 

3 

Compo casting 

(or) 

Rheocasting 

Apt for discontinuous 

fibres, particularly suitable 

for particulate 

reinforcement. 

Lower porosity is 

observed. 

Used in automotive, aerospace industry , 

manufacturing industry. 

Least 

expensive 

4 
Liquid metal 

infiltration 

Filament type 

reinforcement normally 

used. 

Production of tubes, rods, structural shapes 

and structural beams. 

Moderate/ 

Expensive 

5 Spray casting 

Particulate reinforcement 

used and used to produce 

full density materials 

Cutting and grinding tools, electrical brushes 

and contacts. 
Moderate 

6 

In-situ 

(reactive) 

processing 

Good reinforcement/ 

matrix compatibility, 

homogeneous distribution 

of the reinforcing particles. 

Automotive applications. Expensive 

7 
Ultrasonic 

assisted casting 

Nearly uniform distribution 

and good dispersion. 

Mass production and net shape fabrication of 

complex structural components. 
Expensive 
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Solid state fabrication route 

S.No 

MMC 

fabrication 

route 

Inference Applications 
Cost 

Aspects 

1 

Powder 

Metallurgy 

(PM route) 

Both matrix and reinforcements 

used in powder form. 

Best for particulate 

reinforcement. 

Production of small objects (especially 

round), bolts, pistons, valves, high-

strength and heat-resistant materials. 

Vast  applications  in  automotive, 

aircraft,  defense,  sports  and  

appliance  industries. 

Moderate 

2 
Diffusion 

bonding 

Handles foils or sheets of matrix 

and filaments of reinforcing 

element. 

Manufacture sheets, blades, vane, 

shafts, structural components. 
Expensive 

3 

Vapour 

deposition 

techniques 

PVD coatings are sometimes 

harder and more corrosion 

resistant than coatings applied 

by the electroplating process. 

Aerospace,Automotive, 

Surgical/Medical Dies and moulds for 

all manner of material processing. 

Cutting tools, Firearms Optics 

Watches, Thin films (window tint, 

food packaging, etc.) 

Moderate 

4 
Friction Stir 

Process 

Used as surface modification 

process. 

Increase in micro hardness of the 

surface, significant improvement 

in wear resistance. 

In Automotive and Aerospace 

applications. 

Moderate/ 

Expensive 

CONCLUSION 

                   This review presents the views, theoretical and experimental results obtained and conclusions made 

over the years by varies investigators in the field of aluminium alloy – MMCs. A considerable amount of interest in 

Al-MMCs evinced by researchers from academics and industries has helped in conduction of various studies and 

has enriched our knowledge about the processing of Aluminium Alloy composites, their physical properties, 

mechanical properties. 

 It has been observed that among all the fabrication techniques considered, stir casting stands out as the most 

economical method. 

 Microstructure shows the absence of micro porosity, and grain refinement interfacial bond between matrix and 

reinforcement. 

 Increase in weight percentage of fly ash composites caused to increase porosity even in squeeze casting but 

lesser than gravity cast matrix alloy. 

 Experimental results show  a  nearly  uniform  distribution  and  good dispersion  of  the  nano-particles  within  

the  Al  matrix, although  some  of  small  agglomeration  found.  Both hardness  and  tensile  strength  are  

enhanced  by incorporation  of  nano  materials  into  matrix.  The enhancement in  values  of  hardness  and  

tensile  strength observed in this experiment is due to small particle size and good distribution of the particles. 

 Mechanical alloying of powder result in improvement in hardness, compressive strength and indirect tensile 

strength of Al-SiCp composites with 5 to 30 weight percent of SiC particulates. 

 The  Surface Composite Layer was symmetric about  the  tool  axis  and  well  bonded  with the  matrix  alloy  

without  the  presence  of  defects.  The  width  of  the SCL  reduced  along  the  depth  due  to  the  resultant  

material  flow induced  by  tool  shoulder  and  pin. The  distribution  of  TiC  and  B4C  particles  in  the  SCL  

was  fairly homogeneous  without  segregation.  Both  the  particles  behaved as  one  type  of  reinforcement  

particle  during  FSP. 
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