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I.     INTRODUCTION 

The composite materials are structural materials 

which are the combination of two or more 

constituents. These constituents are combined at the 

level of macroscopic [1]. One of the constituent is 

called the reinforcing phase embedded in another 

constituent called matrix phase. Fibers or 

particulates or flakes are used as reinforcing phase. 

Polymers or metals or ceramics are used for matrix 

phase and they are continuous in the composite 

materials [2]. The matrix phase distributes the 

applied load to reinforcing phase due to holding of 

this reinforcing phase. The reinforcing phase is 

usually stronger & harder than the matrix phase. 

The composite material is combinations of 

materials in a different composition, in which the 

each constituent have their individual  identities and 

these constituents are act together to provide the 

required mechanical strength or stiffness to the 

composite part [3]. Nowadays MMCs play as 

engineering materials. Mostly ceramics i.e. alumina 

(Al2O3), silicon carbide (SiC), boron carbide (B4C), 

etc. are used for the reinforcement for metal matrix 

and improved the properties of the metal matrix. 

MMCs having a very good combination of 

mechanical and tribological properties and also 

holds excellent corrosive resistance property as 

compared to monolithic alloys [4]–[7]. MMCs are 

used in the parts of automobiles; aircraft etc. and 

fulfill the requirement of specific properties of the 

components. AMMCs are light in weight and hold 

high strength property therefore they are also used 

for marine applications. AMMCs can also be 

reduced the power required to the take-off of 
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various jet engines, propelling power of 

automobiles due to its lightweight with high 

stiffness properties. By the uses of AMMCs for 

well-designed mufflers and silencers, we can reduce 

the noise and vibration of engines [8]–[14]. 

AMMCs show isotropic properties in nature in the 

case of reinforced particulates are uniformly 

distributed in the Al matrix. Forming operations i.e. 

rolling, forging, and are also applicable on AMMCs 

and it can also be recyclable [15]–[23]. The 

properties of AMMCs which make them attractive 

are: lightweight, high specific stiffness and strength, 

easy moldable to complex forms, easy bondable, 

good damping, and low thermal expansion, good 

fatigue resistance, low radar visibility and, high 

internal energy storage & release capacity [24]. 

II.     TYPES OF COMPOSITE MATERIALS 

Based on the geometry of the reinforcement:  

(i) Particulate, (ii) Fibers and, (iii) Flake.  

Based on the type of matrix:  

(i) Polymer, (ii) Ceramic, and (iii) Metal. 

A. Particulate Reinforced Composite 

The reinforcement is in form of particles have a 

size of greater than the one-micron diameter.  

Particulates are the most common and cheapest 

reinforcement materials. Particle-reinforced 

composites have hard particles (volume fraction of 

5 to 40%) surrounded by a softer matrix. In general, 

particles are enhancing the stiffness but reduce the 

fracture resistance property of the composite. 

Particulates are used dispersed in the metal matrix 

for the purpose of to improve the matrix materials 

properties. The commonly used particles are SiC, 

SiO2, MgO2, Si3N4, TiC, BN, Mica, ZrO2, B4C, 

TiO2, Al2O3, Zircon, Garnet and Glass [25]. 

 

Fig: 1 Particulate reinforced composite [2] 

B. Fiber Reinforced Composite 

Fibers are stronger along their lengths than the 

same material in the bulk form, due to their small 

cross-sectional dimensions. Fibers are minimizing 

the inherent presence of molecular imperfection, 

dislocations, cracks and voids. In fiber reinforced 

composite, reinforcement is the fiber of high 

strength and modulus, embedded into a matrix. The 

fibers are principal load carrying members, 

surrounded by matrix keeps them in the desired 

location and orientation. The matrix also acts as a 

load transfer medium between them and shields 

them from environmental damages due to 

temperature, humidity etc. Commonly used fibers 

are glass, carbon, Kevlar (aramid), boron, etc. [26]. 

 

Fig: 2 Fiber reinforced composite [2] 

C. Flake Reinforced Composite 

Flakes have a primarily two-dimensional 

geometry with stiffness and strength in two 

directions, as opposed to only one for fibers. In 

flake reinforced composites, less matrix material is 

required as compared to fiber reinforced composite 

because flakes are packed parallel. So flake 

reinforced composites are higher denser than fiber 

reinforced composites. Accordingly, to bond flakes 

than fibers. Typical flake materials are mica, glass, 

etc. [1]. 

 

Fig: 3 Flake reinforced composite [2] 

D. Polymer Matrix Composite 

A polymer has been defined as a long-chain 

molecule containing more repeating unit of atoms 

joined together by covalent bond. A polymer matrix 

has a collection of similar chemical structure. In 

this composite, polymer matrix materials used are 

thermoset polymers (epoxides, polyester, phenolic, 

polyimides, etc.) and thermoplastics (nylons, 

thermoplastic polyesters, polycarbonate, etc.) [7]. 
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E. Ceramic Matrix Composite 

It is a combination of ceramic particulates, fibers, 

or whiskers with a matrix of another ceramic. The 

ceramic matrix materials are of two categories; 

oxides and non-oxides. The oxides ceramics i.e. 

Alumina (Al2O3) and mullite (Al2O3-SiO2) are 

known for their chemical and thermal stability. The 

non-oxide ceramics which are commonly used are 

silicon carbide (SiC), silicon nitride (Si3N4), boron 

carbide (B4C) and aluminium nitride (AlN). Out of 

this silicon carbide has high modulus and high 

temperature resistance. Silicon nitride has high 

strength and aluminium nitride is used for its high 

thermal conductivity. These composites are used in 

high temperature and high stress applications such 

as in automobile and aircraft gas turbine engines 

[26], [27]. 

F. Metal Matrix Composite 

Metal is the matrix phase for a metal matrix 

composite, often which is ductile. These composites 

have high strength to weight ratio, high resistance 

to abrasion and corrosion, resistance to creep, good 

dimensional stability and high temperature 

operability and are used in industries like 

automobile and aerospace [28]. Cast iron and steel 

might replace by Al and Mg alloy, but as compare 

to cast iron and steel the cost of Al and Mg alloys 

are more. In case of component manufacturing 

costs, the total cost of competition of cast Al and 

Mg components is less than the component of cast 

irons and steel, because cast Al and Mg components 

having good machinability, less cycle times for 

manufacturing, closer dimensional tolerances, 

minimum number of assemblies, less finishing costs, 

and less melting & metal-forming cost. Mostly, Al 

is used as the metal matrix. 

III. TECHNIQUES FOR THE 

DEVELOPMENT OF AMMCS 

The various processing techniques are used for 

the development of AMMCs. The microstructure of 

the matrix phase and the tribological properties 

depends on the processing techniques. For 

fabrication of AMMCs, the processing routes which 

are mainly used are solid state and liquid state 

processing [22]. 

Solid State Processing: 

A. Powder Blending/ Powder Metallurgy 

This technique is used for the preparation of 

discontinuous reinforced AMMCs. In this process, 

powders of the Al matrix and reinforcement 

(particulates, discontinuous fibers or whiskers) are 

first blended and fed into a mold of the desired 

shape. Blending can be carried out dry or in liquid 

suspension. To compact the powders pressure is 

further applied (cold pressing). The compact is then 

heated to a temperature, which is below the melting 

point but sufficient to develop significant solid state 

diffusion (sintering). After blending, the mixture 

can be processed by hot pressing or Hot Isostatic 

Pressing (HIP) to achieve high density. The 

consolidated composite is then available for 

secondary processing. Attaining a homogeneous 

mixture during blending is a critical factor because 

the discontinuous reinforcement tends to persist as 

agglomerates, with interstitial spaces too small for 

the penetration of the matrix particles [28]. 

B. Diffusion Bonding 

This technique is used to manufacture fiber 

reinforced AMMC. Reinforcement in the form of 

fibers is wrapped over the matrix in cylindrical or 

ring shapes. This technique is performed in a 

vacuum environment at high pressure applied in the 

perpendicular direction to the ply surfaces to 

achieve consolidation followed by the heating at 

high temperature. Diffusion bonding is suited for 

making sheets, rotor blades, vane and, shaft 

structural components. The limited use of this 

technique is because of its high cost of fabrication 

and to produce complex shapes [22]. 

 

Fig: 4 Experimental setup of diffusion bonding [29]. 
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C. Vapour Deposition 

Prominent among the vapour deposition 

techniques for the fabrication of AMMCs is 

Electron Beam/Physical Vapour Deposition 

(EB/PVD). This process comprises of a continuous 

passage of fiber through a region of the high partial 

vapour pressure of the metal to be deposited, where 

condensation takes place so as to produce a 

moderately thick coating on the fiber. The vapour is 

produced by aiming a high power (10kW) electron 

beam onto the end of a solid bar feedstock. A 

unique advantage of this technique is that an 

extensive choice of alloy compositions can be used. 

An additional advantage worth note is that, there is 

a little or no mechanical disturbance of the 

interfacial region, which may be rather important 

when the fibers have a diffusion barrier layer. 

Composite fabrication is typically done by 

assembling the coated fibers into array or bundle 

and consolidating in a hot press. This technique 

allows uniform distribution of fibers in the 

composite and ability to incorporate high volume 

fraction of reinforcement up to 80% [22]. 

D. Friction Stir Processing 

Friction stir processing is a solid state processing. 

This method is used as a surface modification to 

produce composites with good mechanical 

properties [29]. In this process heat is generated by 

the use of stir, which can rotate in any fixed rpm. 

For development of surface layer composite a grove 

make on the metal matrix sheet and reinforcements 

are placed on it. The heat generated by friction 

between sheet and stir tool is used for the mixing of 

reinforcement and matrix. 

 

Liquid State Processing: 

A. Stir Casting 

In this fabrication technique is also called vortex 

technique, in which reinforcement (ceramic 

particulates and/or short fibers etc.) is mixed with a 

molten metal matrix with the help of mechanical 

stirring [28]. This technique required a heating 

furnace, a stirrer attached electric motor with speed 

controller and temperature sensors. In this method, 

ceramic particulates (which are generally preheated 

for good wettability) are added into the liquid 

molten metal and mixed then by stirrer then the 

composite slurry is allowed to solidify. Generally, 

up to 30% ceramic particulates is possible to add in 

a variety of molten aluminium alloys [27]. To 

reduce porosity, refinement of microstructure, and 

uniform distribution of the reinforcement in Al 

matrix the AMMCs are further extruded after 

fabrication. Segregation of the reinforced 

particulates due to surfacing or settling during the 

melting and casting are the major concerns 

associated with this process. The particle 

distribution in the molten matrix depends upon the 

geometry, position of impeller, speed and 

characteristics of the added particles [22]. 

 

Fig: 5 Experimental setup of stir casting by Patel et al. [21]. 

B. Squeeze Casting 

In this technique the solidification of the metal is 

carried out under high pressure and all the absorbed 

and trapped gases are expelled out by forced-

infiltration of molten metal into the fiber performs. 

Infiltration may or may not be vacuum assisted. By 

forcing or pressing the molten metal through small 

pores of the die or fibrous preform. Squeeze casting 

method obviates the need of good wettability of 

reinforcement by molten metal. Squeeze casting is 

used to develop high quality components as this 

http://www.ijetjournal.org/
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process product offers fine equiaxed grain structure, 

low gas or shrinkage porosity with excellent surface 

finish. Squeeze cast materials generally exhibit 

higher strength than those of the same materials 

cast under gravity [13,16,19]. 

 

Fig: 6 Experimental setup of squeeze casing [29]. 

C. Spray Deposition 

Spray deposition technique comes under the two 

distinct classes, first one is the droplet stream is 

produced from a molten bath (Osprey process) and 

second one is by continuous feeding of cold metal 

into the zone of rapid heat injection (thermal spray 

process) [27]. If the reinforcement is particulate, it 

can be fed into the spray. The matrix spray can be 

applied to an array of fibers [28].This technique is 

particularly suitable to produce friction material 

such as brake lining, cutting and grinding tools etc. 

[22]. 

D. In-situ Methods 

In this process, by the exothermic reaction 

between the chemical elements or their compounds 

with the molten Al alloy matrix, ultrafine 

reinforcement particles are formed. In in-situ 

process, the reinforcement particles are generated 

inside the matrix material. So this technique gives  

advantages such as finer particle size, uniform 

distribution of generated reinforcement particles, 

thermodynamically stable reinforcement phase, 

clean interface, and process economy as compared 

to conventional ex-situ processes [27]. But it is not 

possible to control the volume fraction/weight 

fraction, size and shape of the reinforcement which 

can be achieved through chemical reaction under 

the given set of test conditions [22]. One example is 

the directional oxidation of aluminium also known 

as DIMOX process [27]. 

 

Fig: 7 Experimental setup of in-situ processing route [29]. 

Out of these above techniques, stir casting liquid 

processing route is the easiest and cost-effective 

technique for the development of AMMCs. The 

comparison between different techniques is listed in 

Table 1.  

TABLE 1 

COMPARISON BETWEEN  FABRICATION TECHNIQUES OF AMMCS [30], [31] 

Method 

Range 

of 

shape 

and 

size 

Range 

of 

volum

e 

fractio

n 

Metal 

yield 
Cost 

Damage to 

reinforceme

nt 

Squeeze 

casting 

Limited 

by 

Prefor

m 

shape, 

up to 2 

cm 

height 

Up to 

0.45 
Low 

Moderate

ly 

expensiv

e 

Severe 

damage 

Spray 

casting 

Limited 

shape, 

large 

size 

0.3-0.7 
Mediu

m 

Expensiv

e 
- 

Powder 

metallur

gy 

Wide 

range 

restrict

ed size 

- High 
Expensiv

e 

Reinforceme

nt 

fracture 

Stir 

casting 

Wide 

range 

of 

shapes, 

larger 

size up 

to 500 

kg 

Up to 

0.3 

Very 

High > 

90% 

Least 

expensiv

e 

No damage 
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IV. CONCLUSIONS 

The technique of the fabrication is the most 

important factor for the preparation of AMMCs. 

The properties of the developed AMMCs depend on 

the fabrication technique. The fabrication 

techniques are generally divided into liquid state 

processing and solid-state processing. In liquid state 

processing route, stir casting is the simplest as well 

as cost-effective techniques but in solid-state 

processing route powder blending is preferred due 

to the possibility of addition of very high 

reinforcement content up to 90 vol. %. Solid-state 

processing route is still least used due to its higher 

fabrication cost than the liquid-state processing 

route. The production of AMMCs is finally 

depending on their cost-effectiveness for different 

applications. In stir casting, processing parameters 

i.e. temperature, stirring speed, and processing time 

could be readily varied and monitored. This review 

concludes the cost-effective method for the 

fabrication of Al alloy based composite via stir 

casting is one of the simple and economical 

technique as compared to other methods and this 

technique is applicable for large quantity 

production. Stir casting technique is the most 

universal approach to developed particulate 

reinforced AMMCs. 
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