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Abstract - In the past few years the global need for low cost, 
high performance and good quality materials has caused a 
shift in research from monolithic to composite materials. 
Metal matrix composites (MMCs) as new and promising 
materials are under constant development and their 
application in different industries are increasing. Aluminium 
matrix composites (AMCs) are rapidly finding their way to be 
commercially used due to their high strength and light weight 
properties. Also a simple and cost effective method for 
manufacturing of the composites is very essential for 
expanding their application. The low cost processing method 
and uniform distribution of different reinforcements used to 
prepare AMCs is a demanding challenge in this area. A variety 
of processing ways have been established for the production of 
particle/whisker/short fibre reinforced composites. In this 
paper an attempt has been made to provide a literature 
review on the basic existing techniques used to fabricate the 
Aluminium based MMCs and suggest a least expensive method 
for the scientific and technical applications. 
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1. INTRODUCTION 
 
In the past few years, materials development has shifted 
from monolithic to composite materials for adjusting to the 
global need for reduced weight, low cost, quality, and high 
performance in structural materials. Driving force for the 
utilization of AMCs in areas of aerospace and automotive 
industries include performance, economic and 
environmental benefits. Parallel to this trend, metal-matrix 
composites (MMCs) have been attracting growing interest 
[1-4].MMCs consist of a non-metallic reinforcement 
incorporated into a metallic matrix which can provide 
advantageous properties over base metal alloys. These 
include improved thermal conductivity, abrasion and wear 
resistance, creep resistance, dimensional stability, 
exceptionally good stiffness-to-weight and strength-to-
weight ratios. They also have better high temperature 
performance. Hard and strong particles in the form of 
particulates or fibers are added to improve the thermo 
mechanical properties and performance of the lightweight 
but comparatively soft host metal. Common reinforcement 
particles include ceramics such as silicon carbide and 
alumina, B4C, AlN, TiC, TiB2, TiO2 and hard metals such as 
titanium and tungsten [5-8]. 

2. PROCESSING ROUTES FOR ALUMINIUM MATRIX 
COMPOSITES  
 
A vast literature is available on the processing of MMCs. The 
selection of the processing route depends on many factors 
including type and level of reinforcement loading and the 
degree of micro structural integrity desired [9]. Fabrication of 
the composite materials is focused on obtaining materials 
with improved properties compared to the matrix material. A 
key challenge in the processing of composites is to 
homogeneously distribute the reinforcement phases to 
achieve a defect-free microstructure. Primary processes for 
manufacturing of AMCs at industrial scale can be classified 
into two main groups. Various processes are used to 
manufacture MMCs which are described here. These 
processes are classified on the basis of temperature of the 
metallic matrix during processing [10] accordingly; the 
processes can be classified into two categories: 
1. Liquid State Processes.                                                      
2. Solid State Processes 
 

3. LIQUID STATE FABRICATION OF MMCs 
 
In the liquid casting technique, the particulates are 
mechanically well distributed over the liquid metal before 
casting and solidification [11]. These methods are typically 
cost effective [12]. 
 

3.1 Stir Casting 
 
Stir casting is currently the most popular commercial method 
of producing aluminium based composites Stir casting of 
MMCs was initiated in 1968, when S. Ray introduced alumina 
particles into aluminium melt by stirring molten aluminum 
alloys containing the ceramic powders [13]. Fabrication of 
aluminum and it’s alloys based casting composite materials 
via stir casting is one of the prominent and economical 
technique for development and processing of MMCs and 
widely used for applications that require high production 
volumes and low cost. [14]. Stir casting is suitable for 
manufacturing composites with up to 30% volume fractions 
of reinforcement [15];allows for the use of conventional 
metal processing methods with the addition of an 
appropriate stirring system such as mechanical stirring; 
ultrasonic or electromagnetic stirring; or centrifugal force 
stirring [16], to achieve proper mixing of reinforcement into 
melt which depends on material properties and process 
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parameters such as the wetting condition of the particles 
with the melt, strength of mixing, relative density, and rate of 
solidification .The distribution of the particles in the molten 
matrix depends on the geometry of the mechanical stirrer, 
stirring parameters, placement of the mechanical stirrer in 
the melt, melting temperature, and the characteristics of the 
particles added [17] and finally  the liquid composite material 
is then cast by conventional casting methods and may also be 
processed by conventional Metal forming technologies. 
J. hashim et al [18] reported that there are limitations which 
reveals during the process are non-uniform distribution, poor 
wet ability between reinforcement particulate and matrix 
material, porosity in casted MMCs and chemical reaction 
between particulate and matrix. To overcome the limitations 
an interesting recent development in stir casting is a two-step 
mixing process [19] in which gas layer around the particle 
surface which impedes wetting between the particles and 
molten metals are effectively breached by mixing of the 
particles in the semi-solid state and effectively break the gas 
layer because the high melt viscosity produces a more 
abrasive action on the particle surface. Breaking of the gas 
layer improves the effectiveness of the subsequent mixing in 
a fully liquid state.  
By giving heat treatment to the reinforcement particles 
before dispersion into melt can be improved the wettability 
of reinforcement particles within the molten matrix alloy and 
the adsorbed gases can be removed from the particle surface 
[20]. The resulting microstructure has been found to be more 
uniform than that processed with conventional stirring. 
Another problem is if the reinforcement particles are 
distributed uniformly in molten matrix, they tend to sink or 
float to the molten melt due to the density differences 
between the reinforcement particles and the matrix alloy 
melt. If the dispersion of reinforcement particles is not 
uniform then they have high tendency to agglomeration and 
clustering. By injecting the particles with an inert gas into the 
melt is useful in improving the distribution of the 
reinforcement particles [18].  

 
  Fig. stir casting process [21] 

 

 
 

Fig. Stir casting machine equipped with inert gas source [22] 

3.2 Compocasting 
 
Wettability and distribution of nano size reinforcement are 
the key challenge in stir casting because very fine particles 
are having more surface energy and surface area resulting in 
agglomeration of reinforcement particles. To achieve uniform 
distribution, weak agglomeration and effective incorporation 
of the very fine reinforcement particles into the matrix alloy 
we move towards Compo casting [23]. Compocasting can 
mechanically entrap the semisolid slurry and reinforcing 
particles, prevent their gravity segregation and reduce their 
agglomeration [24]. Reduction in particle size to nano scale 
results in greater improvement in ductility of compo-cast 
product compare to stir casting. In Compo-casting the 
particles are incorporated at semi-solid temperature of the 
alloy [25].Because of lower operating temperatures of liquid 
metal matrices energy can be saved by compo casting and 
longer tool life achieved [26]. Chemical reaction between 
molten aluminum and silicon carbide will not occur, due to 
the low relative operating temperature, the formation of 
Al4C3 chemical compound can be avoided via compo-casting 
[27]. The melting process has two major problems, one is 
ceramic particles are not wetted by the liquid metal matrix 
and secondly, the particles tend to float according to their 
density relative to the liquid metal which results in 
nonuniform dispersion of ceramic particles. Reduced porosity 
in composite material is achieved by squeeze casting and die 
casting methods [28] 
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Fig.  Experimental set-up used by Amirkhanlou et al. [29]. 
 

3.3 Squeeze Casting 
 
The concept of squeeze casting dates back to the 1800s [30]. 
The idea was suggested by Chernov in 1878 [31] to apply 
steam pressure to molten metal while being solidified. 
Squeeze casting experiment was not conducted until 1931 
[32].  Squeeze casting technique is a liquid phase fabrication 
method of AMCs in which metal solidifies under pressure 
within closed die halves, using a movable mould part for 
applying pressure on the molten metal and force it to 
penetrate into a preformed dispersed phase, placed in the 
lower fixed mould part [33]. Squeeze casting fabricated 
components have superior weldability, heat treatability, high 
degree of surface finish and dimensional accuracy [34]. 
 

 
(a)         (b)            (c) 

 
Fig. Schematic diagram illustrating the sequence of steps 
involved in squeeze casting (a) molten metal poured into the 
pre-heated die, (b) application of squeeze pressure and (c) 
solidified casting. [35] 

 
 

3.4 Spray Forming 
 
Fabrication of composite by spray forming process involves 
melting of an alloy in a furnace, forcing the melt through a 
small orifice, passing a stream of compressed inert gas, 
injecting reinforcement through the jet and breaking the 
liquid metal into fine semi solid droplets. These semi solid 
droplets are deposited over a stationary substrate to form 
solid preform. It is difficult to attain uniform distribution of 
reinforcements into the metal matrix by this method but the 
composites formed by spray deposition process are not very 
expensive [36].  

 
     Fig. Schematic diagram of spray forming process. [35] 
 

3.5 In-Situ Synthesis 
 
In-situ synthesis is a process wherein the reinforcements are 
formed in the matrix by controlled metallurgical reactions 
with various reinforcement ceramic particles SiC [37], AlN 
[38] and TiC [39].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, final reaction products is the 
reinforcement dispersed in matrix alloy. It is difficult to 
disperse the reinforcing particles uniformly in metal melts 
due to the low wettability with the melt [40].Ahmad Changizi 
[41] examined that the main difficulty in the process is the 
reaction of particle size of less than 1mm and the problem of 
agglomeration and health hazards reveals. The interface 
bonding may be lowered due to the porosity and segregation 
at the interface between the matrix and reinforcement [42]. It 
requires the higher reaction time temperature and longer 
holding time, which is greatly, increases the cost of 
production and process requires that the reaction system be 
carefully screened. 
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Fig. Schematic diagram of in situ direct reaction synthesis 
apparatus [43] 
 

3.6 Liquid Metal Infiltration 
 
It is a forced infiltration method of liquid phase fabrication of 
AMCs and begins with a ceramic preform of the desired shape 
and accomplished by the application of a pressure of inert 
gas. The pressure required for combining matrix and 
reinforcement is a function of the friction effects due to 
viscosity of the molten matrix as it fills the ceramic preform. 
Wetting of the ceramic preform depends on: alloy 
composition, ceramic preform material, ceramic surface, 
interfacial reactions, atmosphere, temperature and time [44]. 
Precise shape, high degree of surface finish and suitability for 
mass production are the advantages of this process [45]. 
Some of the drawbacks of this process include reinforcement 
damage, preform compression, non-uniform microstructure, 
coarse grain size, and undesirable interfacial reactions [46] 
 

 
Fig. Schematic representative of the infiltration system [47] 

 

4. SOLID STATE FABRICATION OF MMCs 
 

4.1 Powder Metallurgy 
 
Fabrication of AMCs via powder metallurgy includes uniform 
mixing of reinforcement with metal alloy and blending of 
powders; degassing the solidified product in vacuum and 

sintered under high temperature conditions [48]. Powder 
metallurgy route can exploit the nano particles and grain 
boundaries strengthening capability [49]. This method is cost 
effective for producing complex parts at very close 
dimensional tolerances, with minimum scrap and not suitable 
for mass production due to high cost of powder. 
 

 
Fig. Schematic of typical powder metallurgy processing 
scheme [50] 
 
 

 
                (a)                                (b)                                 (c) 
        Initial powder             Neck formation by        Reduction in inter  
              Particle                             diffusion                   particle distance   
 

Fig. Sintering of compact preform using solid state diffusion 
between powder particles [51] 
 

 
(a)                                (b)                                 (c) 

 
        Initial powder           Neck formation by              inter particle  
              Particle              liquid phase transport      distance remains 
                                                       Of particle                            same     

                                                                                                          
Fig. Sintering of compact preform using liquid phase 
transport between powder particles [51] 

 
4.2 High Energy Ball Milling 
 
High energy ball milling utilizes high energy impacts, high 
frequency from balls to repeatedly forge powder particles 
together and trapped between colliding balls and inner 
surface of the vial which causes repeated deformation, re-
welding, fragmentation of premixed powders to form 
dispersed particles in grain refined matrix [52,53]. In 
mixtures of ductile components the particles are initially 
flattened but the brittle component undergoes size reduction 
by fragmentation [54].During milling process addition of 
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ceramic hard particles to metal alloys improve the strength, 
wear resistance and micro hardness of synthesize composite 
[55] and extensively employed to obtain, amorphous 
structures [56], nanocrystalline solids [57], and immiscible 
components [52].The mechanical properties of particle 
reinforced composites are largely dependent on the particle 
microstructure, distribution and volume fraction [58]. This 
method consume time for achieving required properties of 
composites and milling of powder require inert atmosphere 
which is difficult to maintain therefore method is not suitable 
for mass. 

 

 
(a)Head-on impact    (b) oblique impact   (c) Multi-ball impact 

 
Fig. Schematic diagram showing the different forms of impact 
in which powder particles are trapped between balls which 
might occur during high-energy ball milling [59].   

 
4.3 Ultrasonic Probe Assisted Method 

 
Traditional fabrication methods cannot be used for mass 
production and net shape fabrication of complex structural 
components without post processing [60].In recent years, 
significant effort has been taken to develop metal matrix 
nano composites [61]. Ultrasonic probe assisted method is 
very effective in dispersing nano sized particles in the metal 
matrix. The process generally requires resistance heating 
furnace for melting metal, nano particle feeding mechanism, 
inert gas envelope for protection and an ultrasonic system. 
The ultrasonic processing system consists of an ultrasonic 
probe, a transducer and power source. The ultrasonic probe 
assisted method helps to achieve uniform distribution of 
particles in metal matrix. The ultrasonic energy is widely 
used in the manufacturing for welding, casting and non-
destructive testing. Ultrasonic stirring is used for purifying, 
degassing and refinement of metallic melt and utilized to 
generate nuclei in casting. The ultrasonic cavitation based 
processing of MMNCs has been successfully utilized by 
researchers to fabricate bulk MMCs [62-63]. 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., which was confirmed by SEM pictures 
[64].It is difficult to distribute and disperse nano scale 
particles uniformly in metal melts due to their large surface 
to volume ratio and their low wettability in metal melts. 

 
 

Fig. Schematic of ultrasonic solidification processing [65] 
 

4.4 Diffusion Bonding 
 
Diffusion bonding is a solid state processing technique which 
is commonly used to produce mono filament reinforced 
AMCs. Inter diffusion of atoms between clean metallic 
surfaces which is in contact at an elevated temperature leads 
to bonding due to the inter-diffusion of atoms across the 
surfaces of particulates and metal [66]. The principal 
advantages of this technique are the ability to process a wide 
variety of metal matrices and control of fiber orientation and 
volume fraction. 

 
                      Fig. Diffusion bonding process [67] 

     4.5 Friction Stir Welding (FSW):  

Friction stir welding was developed in 1991 [68] and is 

essentially a solid state joining process, widely used for 

the welding of light and difficult-to-weld metals and their 

alloys like aluminum, magnesium, copper etc. [69]. 

Recently, its applications have been extended to the 

welding of high melting point materials such as various 

types of steels [70], Ti alloys [71], Ni-based super alloys 

[72]. This method is used as a surface modification to 

produce composites with good mechanical properties 
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and corrosive resistance by addition of nano, micro and 

macro size reinforcements [73]. The reinforcement 

particle size and as well as shift of rotational direction 

between passes affect the microstructure and mechanical 

properties of the material [74]. Friction stir processing 

has been carried out on Aluminum 7075 using nano 

sized SiC reinforcements, which were shown good 

metallurgical and mechanical properties such as 

strength, stress corrosion crack resistance and excellent 

fatigue resistance [75]. 

N.T. Kumbhar et al [76] discussed the process of FSW 

and concluded that it is mature and efficient solid state 

joining method for Al alloys in which a rotating 

cylindrical tool with a shoulder and a profiled pin is 

plunged into the abutting plates to be joined and 

traversed along the line of the joint. Friction between the 

tool and work pieces results in localized heating that 

softens and plasticizes the work piece. During process, 

the material undergoes intense plastic deformation and 

this result in significant grain refinement. Mishra et al. 

[77] fabricated the Al/SiC surface composites by FSP, and 

indicated that SiC particles were well distributed in the 

Al matrix, and good bonding with the Al matrix was 

generated. 

 

Fig.: Schematic of friction stir welding process [76] 

5. ADDITIONAL RELEVANT REVIEW: 

D.B. Miracle [78] suggests that the MMCs can be fabricated by 
both casting and powder metallurgy (P/M) methods but 
Casting is of interest due to economic reasons. 
 
S A Sajjadi et al [25] reported that the cost of manufacturing 
Setup and reinforcement material selection is a considerable 
element for cost effective development of Al MMCs. which 

exhibits better strength to weight ratio, high strength and 
ductility, good tribological properties, heat resistance, wear 
resistance and atmospheric corrosion resistance. 
 
Yoshida K et al [79] reports that The main challenge which 
has been encountered so far during the processing of AMCs 
by Stir and compo casting processing methods is the non-
wetting characteristics, non-uniform distribution of 
reinforcement particulate and undesirable interfacial 
reaction which leads in difficulty to limit greatly the 
improvement of thermal properties of Carbon/Metal and 
diamond/metal composite. 
 
David Raja et al [80] has reported that Among various 
reinforcement used, fly ash is one of the cheapest available 
reinforcement and its advantage includes low density which 
clears the way for the development of cost effective AMCs. 
 
M Rodriguez Reyes et al and Sato Y S et al [81-82] reports 
that the Stir casting incorporate low setup cost, easy 
handling, quick to access and its suitability for mass 
production without damaging the reinforcement particles, so 
it is in demand in the current scenario. 
 
Jayaseelan et al [83] compared the performance 
characteristics of Al/SiC composites produced through stir 
casting and powder metallurgy. Stir casting specimen was 
found to exhibit high hardness and have finer grains in the 
microstructure as compared to powder metallurgy specimen. 
After extrusion both the extruded specimen exhibited 
reduced porosity.  
 
L. Salvo et al [84] found that the stir casting techniques have 
been among the simplest and the most economical processes 
of fabricating of the particulate metal matrix composites. 
However, due to poor wetting of the ceramic particles by 
molten alloy, the introduction anD uniform dispersion of the 
reinforcement into the liquid matrix is difficult.  
 
A A Adebisi et al [85] reported that the stir casting is very 
unique processing method for the development of reinforced 
AMCs. This is widely acceptable due to its convenience, low 
set up cost and easy portability to overcome the problem of 
expensive processes. The development of this dominating 
fabrication process evolved as a result of recent technological 
advancement in material application and the demand for  
light weight material with improved mechanical and thermal 
properties at low cost. 
 
P.O Babalola et al [86] concluded that the Stir casting, an 
example of liquid metal route was found to predominate 
because it is cost effective and processing parameters could 
be readily varied and monitored. Specimens from stir casting 
have high hardness and finer grains in the microstructure 
than the powder metallurgy one. 
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M. K. SURAPPA et al and D. M. SKIBO et al [87-88] reported 
the major merit of stir casting is its applicability to large 
quantity production. Among all the well-established MMCs 
fabrication methods, stir casting is the most economical 
Compared to other methods and having costs as little as one 
third to one tenth for mass production.  

J. Hashim et al [18] reported that Liquid phase processing has 
attractive economic aspects and stir casting method is having 
an edge over other composite fabrication techniques due to 
possibility of bulk size, simplicity of operation and good 
mechanical properties of fabricated MMCs. 

6. COMPARISION AMONG FABRICATION TECHNIQUES OF MMCs [83, 87, 89] 
 

Table 1. COMPARISION AMONG LIQUID STATE FABRICATION OF MMCs: 

Route Cost Application Comments 

Stir casting Least 

expensive 

Applicable to large quantity production. 

Commercial method of producing aluminum 

based composites. 

Depends on material properties and 

process parameters. Suitable for 

particulate reinforcement in AMC. 

Compocasting Low Widely used in automotive and aerospace 

Industries. 

Suitable for discontinuous fibres, 

especially particulate reinforcement. 

Squeeze casting medium Widely used in automotive industry for 

producing pistons, connecting rods, rocker 

arms, cylinder heads; suitable for 

manufacturing complex objects. 

Generally applicable for any type of 

reinforcement and may be used for 

large scale manufacturing. 

Spray casting medium Used to produce friction materials, electrical 

brushes and contacts, cutting and grinding 

tools. 

Particulate reinforcement used; full 

density materials can be produced. 

In-situ 

(reactive) 

processing 

Expensive Automotive applications. Homogeneous distribution of the 

reinforcing particles. 

Liquid-metal 

infiltration 

Low/Medi

um 

Used to produce structural shapes such as 

rods, tubes, beams with maximum properties 

in a uniaxial direction. 

Filaments of reinforcement used. 

Table 2. COMPARISION AMONG SOLID STATE FABRICATION OF MMCs: 

Route Cost Application Comment 

Powder 

metallurgy 

Medium For producing small objects (especially 

round), bolts, pistons, valves, high-

strength and heat-resistant materials. 

Both matrix and reinforcements used in powder 

form; best for particulate reinforcement; since 

no melting is involved, no reaction zone 

develops, showing high strength composite. 

Ultrasonic 

assisted 

casting 

Expensive Used for net shape fabrication of complex 

structural components, applicable for 

mass production. 

Nearly uniform distribution and good dispersion 

Of reinforcement particles. 

Diffusion 

bonding 

High Used to make sheets, blades, vane shafts, 

structural components. 

Handles foils or sheets of matrix and filaments of 

reinforcing element 

Friction Stir 

welding 

Moderate/ 

Expensive 

In automotive and aerospace application. Used as surface modification process. Increase in 

micro hardness of the surface, significant 

improvement in wear resistance. 
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7. CONCLUSION 

Various solid and liquid metal routes employed by myriad 

researchers to produce AMCs. The successful commercial 

production of AMCs will finally depend on their cost 

effectiveness for different applications. Stir casting, an 

example of liquid metal route is found to predominate 

because processing parameters could be readily varied and 

monitored. This review concludes the cost effective methods 

used to prepare the AMCs. Fabrication of aluminium alloy 

based composite via stir casting is one of the prominent and 

economical technique as compared to other method and 

applicable for large quantity production. Specimens from stir 

casting have high hardness and finer grains in the 

microstructure than the other method. . Stir casting method is 

widely acceptable due to its advantages like low setup cost, 

easy portability, incorporate mass production and uniform 

distribution of reinforcement to achieve better mechanical 

properties. Stir casting is one of the most universally used 

approach to manufacture particle reinforced composites and 

among all the fabrication techniques considered, stir casting 

stands out as the most economical method. 
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