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Abstract: Metal Matrix Composites (MMCs) are produced by 

the combinations of two more materials which exhibit better 

properties than obtained from single. Due to these enhanced 

properties, it is well suitable in many engineering applications 

namely aerospace, automobile and structural areas. However 

processing of MMCs and their properties are depends on the types 

of fabrication methods employed. This paper aims to discuss 

about the research work done on synthesis of MMCs through 

various processing routes. The mechanism of various techniques, 

the process involved and the parameter selection for each 

technique were reported. The comparison of fabrication 

techniques based on different particulars also discussed. 

 
Keywords : MMC, fabrication, application.  

I. INTRODUCTION 

The selection of right techniques for fabricating metal 

matrix composite for high performance engineering 

application is still challengeable job. Many researchers have 

reported the significance of different processing methods 

which suits for various applications. The common processing 

methods are categorized as follows; 

 Liquid state fabrication process 

 Solid state fabrication process 

 Deposition techniques  

 In situ processes.  

 Two phase (solid–liquid) processes.  

 Based on the many factors the selection of process needs 

to be carried out. However, the researchers have reported the 

fabrication methods been used for producing MMCs during 

the last decade and which is shown in Figure 1 [1]. 

II.  FABRICATION TECHNIQUES 

A. Liquid state fabrication process 

The molten matrix and reinforcements are formed together 

by solidification mechanism. The following are the various 
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processing methods which come under liquid state fabrication 

techniques. 

 

Utilization of various fabrication methods reported in the 

last decade [1]. 

 

Stir casting process [2] 

1) Stir casting process 

One of the liquid phase techniques and suitable for 

fabricating MMCs, in which a reinforcement of ceramic 

particulates or short fibers are mixed with a molten state of 

metal by mechanical stirring. The experimental setup of stir 

casting process is shown in Figure 2.  

 

 

This process is simple and inexpensive method among 

liquid phase fabrication. The liquid state of this composite 

material is cast by suitable casting process. 

2) Squeeze casting 

 It is the forced infiltration process in which molten metal 

is forced into performed dispersed phase of reinforcements.  
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Molten metal is forced by the ram movement into performs 

which is placed in the lower part of the mould as shown in 

Figure 3 [3]. The components fabricated through this process 

are having better dimensional accuracy, higher weldability 

and high degree of surface finish [4]. 

 

Squeeze casting setup [5] 

3) Centrifugal casting process 

 Another technique that suits for fabricating functionally 

graded materials is Centrifugal casting process. It is mostly 

used for producing cylinders having thin-wall section. With 

the help of centripetal force, it distributes the liquid state of 

metal into the cavity mold. The molten metal moves 

centrifugally towards the wall due to the centripetal force and 

then solidified after cooling. The fluid flow is the significant 

parameter and which needs to be well understood, in order to 

minimize the defects. Many research work was carried out 

which comprises numerical simulation and experimental part 

[6]. Figure 4 shows the setup of the centrifugal casting 

process. 

  
a) 

  
 b) 

a) Principle of centrifugal casting b) casting setup [7] 

 Few research works were reported that the particle size 

and speed are the factor which determines the quality 

characteristics of casting process. A high swirling is been 

created by better centripetal force caused by higher rotational 

speed in the molten liquid puddle [8]. 

 

B. SOLID STATE FABRICATION PROCESS 

In case of solid state fabrication process, bonding is 

induced between matrix material and dispersed phase because 

of communal diffusion taking place between them in solid 

phase. In this section, the various solid phase fabrication 

methods suits for MMCs production are discussed. 

1) Powder Metallurgy (PM) 

PM process applied extensively for the fabrication of 

composite with aluminum alloys matrix [9] copper matrices 

[10-12] and magnesium alloys matrix [13]. A powder 

metallurgy technique involves the following stages: 

 Sieving of particles, 

 Blending  

 Compressing the mixture,  

 Degassing and final consolidation  

It is also suitable for different reinforcement such as 

continuous, non-continuous, particles, platelets. However, 

PM is applicable for producing a small objects especially 

circular cross section. The schematic representation of the 

various stages of powder metallurgy process is shown in 

Figure 5. 

 

Steps involved for producing PM components [14] 

2) High Energy Ball milling 

 

High energy Ball milling- Different impacts [17] 

 Ball milling process makes use of high energy collision 

from balls to continually forge powder particles together. The 

various kinds of impact exhibits in the ball milling process are 

as shown in Figure 6. During milling process, the inclusion of 

hard particles to the metal alloys enhances the hardness, wear 

resistance and strength of the composite [15].  

 

The particle distribution, microstructure and fraction 

influence more the mechanical 

properties of the composites 

[16]. 
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3) Diffusion Bonding 

Diffusion bonding process comes under solid phase 

fabrication technique and it is commonly applicable for 

producing mono filament reinforced aluminium based 

composite materials. A metallic surface in contact with high 

temperature exhibits bonding owing to their internal diffusion 

of atoms between the metal and reinforcement surfaces [18]. 

Figure 7 shows the process of diffusion bonding induced 

between metals and fibres. 

 

Diffusion bonding process [5] 

C. DEPOSITION TECHNIQUES 

1) Spray forming 

In this method of fabrication, metal/alloy is heated to a 

molten state in the furnace and forced to flow through an 

orifice of smaller cross section by the support of compressed 

inert gas. Simultaneously, the reinforcements were injected 

through jet and allowed it to break the molten metal into very 

fine semisolid particles.  Then it will be settled down in the 

substrate provided in order to produce perform of solid phase. 

Though it is easy and inexpensive process for fabricating 

MMCs but very tedious to end up with even dispersion of 

reinforcements in the matrix [19]. The spray forming process 

is shown in Figure 8. 

 

 Spray forming process [5] 

2) Spray Deposition 

 In this type of fabrication technique, molten metal is 

sprayed over the fibers wound on the foil coated drum to form 

a composite material. 

3) Chemical vapor deposition (CVD) 

 At the high temperature, a vaporized section decomposes 

or reacts with one more vaporized chemical which is kept on 

the substrate to shape a coating on the substrate. 

D. IN SITU FABRICATION OF METAL MATRIX 

COMPOSITES 

In this process, a reinforcement phase is exhibited in the 

matrix phase as a outcome of  of precipitation from the melt 

while it cools and Solidifies. 

E. TWO PHASE PROCESS 

Two phase process is like a spray deposition method but it 

involves the mixing of both matrix and reinforcement. Some 

of the two phase processes suitable for fabricating metal 

matrix composites are rhea- casting, Osprey. 

III. COMPARISON OF VARIOUS FABRICATION 

METHODS OF MMCS 

Rodriguez et al. [20] and Sato et al. [21] have done an 

investigation and reported the significance of stir casting 

route. It requires low cost for making experimental setup, 

quick and easy to process and also applicable for mass 

production which prevents the reinforcement from damage. 

Table 1 and Table 2 present the collective information on 

fabrication techniques in the aspect of their application and 

cost effectiveness process for both liquid and solid phase 

respectively. 

Table- I: LIQUID PHASE FABRICATION – COMPARISON [22-24] 

Fabrication 

technique 

Cost 

effectiveness 
Application Comments 

Stir casting 

 

Least 

expensive 

Suitable for mass 

production rate. 

Mostly applicable 

for Al based 

composites. 

It is 

appropriate for 

particle 

reinforced 

AMMC. 

Squeeze casting 

 
medium 

This technique is 

applied in 

automobile 

component 

producing industries 

such as cylinder 

heads, pistons,  

rocker arms, 

connecting rods 

Suitable for 

any kind of 

reinforcement 

Compocasting 

 

Low 

 

Mostly applicable in 

aerospace and 

automobile fields 

Applicable for 

discontinuous 

fibres 

In-situ 

(reactive) 

processing 

Expensive 

 
Automotive 

Uniform 

dispersion of 

the 

reinforcements

. 

Spray casting 

 

medium 

 

Used to form cutting 

and grinding tools, 

electrical brushes 

and contacts 

Particles 

reinforced 

components. 

 

The consolidated details are provided in the above mentioned 

Table 1 and Table 2. The common problem occurs during the 

composite fabrication is uniformity of ceramic particles 

distribution in the matrix 

phase. 
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 In order to obtain an excellent property of composite 

materials, then reinforcement particulates must be dispersed 

evenly in the matrix materials of ductile nature and also in the 

interface of matrix and particles.  

 

 

On the other hand, the fabrication technique available as of 

now almost produces the agglomerated particles in the matrix 

and which leads to reduction in ductility nature of the 

composites [25-26]. The reduction in ductile nature, 

incapable of producing complex shape at minimum cost, 

chemical reaction at matrix and particle interface obstructs the 

implementation of MMCs for engineering requirements. 

Agglomeration of particles exhibits the brittle nature of MMC 

and specifically agglomeration is high if the particle sizes are 

in micro scale or nano scale. Such uneven dispersion of 

particles form strain gradients locally and lowers the strength 

of the composites in notable quantity [27]. Moreover, 

agglomeration behaviour of nano particles, have hindered the 

fabrication of composite for high performance applications 

through liquid processing techniques. As well as the uneven 

distribution of particles in the matrix, these fabrication 

techniques are not cost-effective. An increase in the 

processing steps assists the chemical reaction between 

particulates and matrix at higher temperatures, which leads to 

secondary brittle phases [28]. Sedat Ozdenet al. [29] have 

analyzed the impact strength SiC reinforced Al matrix 

composite at various temperatures. The clustering of ceramic 

particles, poor bonding between matrix and reinforcement 

affects the impact strength of the composite material. In 

addition, the influence of clustering nature of particle in the 

flow behaviour of Aluminium matrix reinforced with SiC 

composite were investigated by Zhang Peng et al. [30]. The 

experimental findings reveal that the clustering of particle has 

significant influence on tensile deformation behavior and it 

leads to particle fracture. During the fabrication of 10% SiC 

reinforced Al matrix composite through stir casting process, 

the effect of stirring time and speed on particle dispersion 

were studied by Balasivanandha Prabhuet et al. [31]. The 

findings of this research work reveal that the cluster formation 

is high at lower stirring time and speed and also it has an effect 

on their properties of the composite. Hence, a suitable 

alternative fabrication technique is required for minimizing 

the agglomeration behaviour of reinforcement with minimum 

production time. In order to overcome this shortfall, Hari 

Babu et al. [32] and Tzamtzis et al. [33] have suggested a new 

fabrication technique called rheo-process with an intention to 

form uniformly dispersed particles and also avoiding the 

formation of agglomeration in the matrix. This process is been 

carried out by intensive shearing of melt having particles as a 

cluster. The composite having a fine and uniformly dispersed 

reinforcement particles obtained from the rheo-processed 

MMCs enhances the ductile nature and tensile strength 

simultaneously [34]. 

Park et al. [35] have studied the influence of addition of 

Al2O3 in varying fraction with Aluminium matrix. The 

experimental results revealed that the reduction in fracture 

toughness was observed with increased Al2O3 content owing 

to the nucleation of micro scale voids. Kok [36] investigated 

the mechanical properties of Al2O3 reinforced Al alloy based 

metal matrix composites prepared through vortex method. 

The findings reported that the optimum conditions to obtain 

enhanced properties of the composites are stirring speed at 

900 rpm; preheat temperature of 550oC and pouring 

temperature of 700oC and pressure of 6MPa. The 

electromagnetic stirring process forms a smaller grain size 

with improved interface bonding which results in enhanced 

tensile strength and hardness of the alumina reinforced 

Aluminium alloy based composites [37]. The suitable method 

of fabrication for strengthening the matrix and reinforcement 

bonding is required. It is also an important to taken into 

account of nature of reinforcement, matrix and reinforcement 

bonding and wettability behaviour while selecting the 

reinforcement for the applications. 

 

Table- II: SOLID PHASE FABRICATION – COMPARISON [22-24] 

Fabrication 

technique 

Cost 

effectiveness 
Application Comments 

Powder  

metallurgy  

Medium 

 

To produce small 

circular objects 

such as pistons, 

bolts and valves. 

Though it is suitable 

for all reinforcement 

and matrix, 

excellent for 

particle; It exhibits 

high strength 

composite.  

Diffusion  

bonding  

High 

 

To produce 

blades, sheets, 

and structural 

components.  

Matrix in the form 

of sheets and 

reinforcements in 

the form of 

filaments. 

Ultrasonic  

assisted 

casting  

Expensive 

 

Complex 

structural 

components and 

mass production.  

It exhibits almost 

homogeneous 

dispersion 

IV. CONCLUSIONS 

The fabrication of MMC through various routes is reported 

here. Based on the nature of the application and materials the 

technique was selected. The following conclusions were 

drawn from the literatures reported here.  

1) Stir casting is the suggested techniques among liquid 

state fabrication methods for mass production as it is 

simple and inexpensive compared to other techniques.  

2) Powder metallurgy route can produce small circular 

composite products at least expensive rate. 

3) The particle agglomeration plays major role in the 

selection of fabrication techniques. The poor selection 

leads to failure of MMCs.  

4) The desired quality of MMC is achieved with the utmost 

care spent for the selection of fabrication techniques for 

the different nature of reinforcements. 
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