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Abstract— In last few years due to advancement in 

technology the need for lightweight, high performance, good 

quality materials has shifted in research from monolithic to 

composite materials because the conventional material was 

failed to achieve desired combinations of properties. To 

overcome this aluminum matrix composite(Al-MMC) is a 

favorable choice for researcher which can fulfill the need of 

today’s material due to their excellent properties like low 

density,  high strength to weight ratio, low processing cost, 

good wear & corrosion resistance and good thermal 

stability. Al-MMC mostly used in marine, aircraft and 

automobile sectors. Reinforcements like alumina (Al2O3), 

silicon carbide (SiC), graphite, bagasse ash and fly ash can 

easily be added into the molten matrix using stir casting 

method. This paper presents a review on the development of 

stir cast Al-MMC and analyzes the effect of particle size 

variation on the mechanical behavior of Al-MMC. 
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I. INTRODUCTION 

In the current industrial scenario, development of the latest 

class of material for various engineering applications like 

transportation, structural, aerospace and automobile become 

major area of research. Because the monolithic material was 

failed to achieve the desired amount of mechanical and 

physical properties thus researcher are continuously trying 

to improve various properties of engineering materials 

which led to a new category of materials called composite 

materials [1-2]. A composite material is composed of two or 

more nano, micro, or macro constituents which combined 

the properties of two or more different materials and fulfill 

the requirement of today’s material i.e low cost, light 

weight, adequate physical and mechanical properties along 

with good combinations of tribological properties[3-4]. 

Composite mainly consist of two phases, one is 

matrix phase and another one is reinforcing phase. Usually, 

reinforcing phase added into matrix phase in the 

development of composites [5]. Composite materials can be 

classified into three groups on the basis of chemical and 

physical nature of matrix phase i.e[a] Metal Matrix 

Composites (MMC) [b] Ceramic Matrix Composites (CMC) 

[c] Polymer Matrix Composites (PMC) [6]. These review 

paper concern with MMC because it combined the desire 

attributes of metal and ceramic. 

In MMC two phases exist one is matrix phase 

usually metals like aluminum, copper, lead, magnesium and 

another is reinforcing phase generally ceramic(oxides & 

carbides). They are made by dispersing the reinforcements 

into the metal matrix. Reinforcements are added to improve 

the properties of the base metal like density, stiffness and 

strength [7]. In Metal Matrix Composites, aluminum and its 

alloys are mostly used as the base metal because of its 

superior and excellent properties like light weight, sufficient 

strength, superior castablity, easy machining, excellent 

corrosion resistance and good thermal and electrical 

conductivity. [8] 

Aluminum alloys are emerging engineering 

material for various sectors like automotive, defense, 

aircraft; due to their unique combination of physical, 

thermal and mechanical properties. Al alloys Al6061 and 

Al7075 are mostly used because these are heat treated and 

extruded alloy. Al 6061alloy possesses excellent corrosion 

resistant, high strength and finds applications in the fields of 

structural, automobile and marine. Al 7075 alloy possesses 

good toughness, high strength and is preferred in 

transportation & aerospace [9-10]. 

Aluminum metal matrix composites (Al -MMC) 

preferred over other MMC due to the great combination of 

properties like lightweight& high strength, good electrical & 

thermal conductivity, excellent wear & corrosion resistance 

[11]. The largest applicability of Al –MMC  is for the 

automotive components like engine valves,  engine piston, 

connecting rod and cylinder liner [12-13].The most 

commonly used reinforcing material used with aluminum 

based MMC is SiC (Silicon Carbide), Al2O3(alumina), TiC 

(Tungsten carbide) and B4C(Boron carbide). Amongst these 

alumina and silicon carbide mostly reinforced with Al-

MMC [14-17].These reinforcements improve the properties 

of Al-MMC but it also increases the overall cost of 

composites. To overcome these  agro-industrial waste such 

as fly ash, bagasse ash and rice husk are used which not only 

reduce the cost but also improves the physical and 

mechanical properties of Al-MMC [18-21]. 

In this review paper, our main focus is to study the 

particle size variation on the mechanical and physical 

behavior of Al-MMC. Particle size can affect the overall 

performance of the composite. It was studied that particles 

size, shapes and distribution plays important role in the 

properties of AMMC,s. A decrease in the reinforcement 

particle size can bring about an increase in both the 

mechanical strength and ductility of the composite [22-

24].The fabrication method used for processing of Al-MMC 

is Liquid state processes and solid state processes. Powder 

metallurgy, vapors deposition technique, friction Stir 

Process and diffusion bonding comes under Solid state 

process. Stir casting, squeeze casting and ultrasonic casting 

comes under the liquid state process [25-27]. But amongst 

these stir casting is the preferable choice for particulates 

MMC due to its ease of operation, flexibility, the large size 

of production. This technique is also most economical than 

other fabrication techniques [28].  

II. STIR CASTING 

Stir route of  Casting is a liquid metallurgy technique in 

which the reinforcing phase usually oxides & carbides are 

introduced into the molten matrix by the means of 

continuous(mechanical) stirring and then molten metal 

immediately pour into the sand/permanent mold and allow it 

to solidify at room temperature [29-31].This technique 
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initiated by S.ray et. al, he introduced  Al2O3 particles into 

molten aluminum by mechanical stirring. This approach is 

also known as impeller mixing or vortex technique [32-

33].It was observed that Stir casting is suitable for 

fabricating composites up to 30% volume fractions of 

reinforcement [34]. The reference figure of stir casting is 

shown below. 

 
Fig. 1: Stir casting setup [35] 

The distribution of particulates into molten matrix 

and final casting depends upon the following material 

properties and process parameters such as: 

1) The geometry of the mechanical stirrer 

2) Stirring parameters like stirring speed, angle of stirrer, 

location of stirrer 

3) Reinforcement size and weight percentage  

4) The wetting condition of the particles with the melt 

5) Rate of solidification  

6) Mold temperature 

Casted samples were extruded & heat treated  to 

minimize porosity formation refine the microstructure 

[36].There are some limitation during stir casting like, to 

obtain sufficient wettability between matrix and 

reinforcement, uniform distribution of particles into the 

molten matrix and chemical compatibility between matrix 

and reinforcement [37]. Magnesium, calcium or zirconium 

are added as alloying element to enhance wettability but 

amongst these magnesium upto 2% is mostly used to 

promote wettability [38-39]. Latest development in stir 

casting process is two step mixing (double stir casting) in 

which matrix material is heated to above its liquids 

temperature and then cooled down to a temperature between 

the liquids and solidus points. Now the preheated particles 

are mixed and again the slurry is heated to a fully liquid 

state and mixed thoroughly. The resulting microstructure 

through two-step mixing has been found to be more uniform 

as compared with conventional stirring[40-41]. 

III. REPORTED LITERATURE ON VARIATION OF PARTICLE 

SIZE & THEIR EFFECT ON MECHANICAL PROPERTIES OF 

ALUMINUM METAL MATRIX COMPOSITE (AL-MMC) 

Anil et.al worked on Aluminum Alloy to develop a 

composite using fly ash and observed the mechanical 

properties of the composite. This composite was fabricated 

using stir casting process. Fly ash with particle size range 

from 4μm to 100μm was used. This range of particle size 

was divided into three categories i.e. 4-25 μm, 45-50 μm 

and 75-100 μm. After the development of composite various 

properties like hardness, ductility, compressive strength and 

tensile strength were measured and compared with base 

alloy. It was observed that particle size affects the properties 

of Al-MMC. From result analyses, it was concluded that if 

the particle size of reinforcement increased then the 

compressive strength, hardness and tensile strength of 

composite decreases and this is due to the reason that 

smaller particles have good bonding between them. [42]. 

Bhushan et.al have prepared a composite using Al alloy 

7075 reinforced with silicon carbide (SiC) and investigated 

the microstructural behavior of composite. Particle size 

ranging from 20 μm to 40 μm and weight fraction of 10% 

and 15% were used for the development of composite by stir 

casting technique. After the fabrication, the composite was 

analyzed using electron probe microscopic analysis 

(EPMA), X-ray diffraction (XRD), Scanning electron 

microscopy (SEM) and other thermal techniques. It was 

observed from microstructure that silicon carbide was well 

distributed in the Al-7075 alloy. There was no secondary 

chemical reaction observed in EPMA and XRD tests. From 

the thermal analysis it was concluded that AA 7075 is 

suitable for those applications where the temperature 

requirement  is up to 12000 C [43]. Raghavendra et.al used 

stir casting route for preparing Aluminium metal matrix 

composite (Al-MMC) using Al-7075 as base alloy and 

alumina (Al2O3) as reinforcement. The particle sizes 

reinforcement varied from 74 μm to 149 μm. Three size of 

alumina 200,140 and 100 mesh was used. These prepared 

components were tested for hardness, wear resistance and 

microstructure analysis. It was detected that if the particle 

size of reinforcement decreases the hardness of the 

composite increased. On the other side wear rate and 

coefficient of friction reduce with reduction of particle size 

[44]. Wang et.al fabricated a composite and investigated the 

various mechanical properties like % elongation, yield 

strength and tensile strength. Al-Cu alloy was used as base 

alloy and silicon carbide (SiC) used as particulate 

reinforcement. There were 4.7 μm and 77 μm sized particles 

used during the development process of the composite. it 

was observed that if SiC particles distributed 

homogeneously it results in increase of ultimate tensile 

strength, yield strength and % elongation. It was found that 

particle with smaller size gives more ultimate tensile 

strength and yield strength as compared to particles with 

large size. Elongation was more with large particle size were 

noticed [45]. Suresh et.al adopted stir route of casting and 

investigated the wear rate. Zircon sand particles were used 

for this experiment with two different sizes such as 20-32 

μm and 106-125 μm. It was observed that composite with 

fine size has lower wear rate than composite with coarse 

size reinforcement at 200oC.Composite with large size 

particles shows more loss under the same condition if we 

increase load and temperature volume loss is increased [46]. 

Palash et. al developed a composite using Magnesium as 

base alloy and SiC as reinforcing alloy and studied the 

various mechanical properties. The particle sizes used for 

development of composites were 15μm and 150μm. The 

technique used to develop this composite was stir casting in 

which reinforcement is uniformly distributed into the molten 

matrix by the mean of mechanical stirring. It is observed 

that elastic modulus and hardness of composite increased 

which have a particle size of 15 μm. Ductility and ultimate 

tensile strength were decreased when compared with base 

alloy [47]. 
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IV. CONCLUSION 

The conclusion drawn from literature review is that different 

reinforcement in the form of ceramics (SiC and AL2O3) and 

agro waste (fly ash) used for development of low cost, high 

performance Al-MMC. It was observed that stir route of 

casting is the flexible and most economical choice for 

processing of particulates type Aluminum metal matrix 

composite (AL-MMC). Different Particle size was used by 

authors ranging from 4μm to 100μm and we noticed that 

their variation marginally affects the properties of Al-MMC. 

It was examined that properties like tensile strength, 

compressive strength and hardness were increased by the 

decrease in particle size & decreased with increase in 

particle size. We can conclude that reinforcement with small 

particles size leads to uniform distribution of particles into a 

molten matrix and improves the mechanical properties of 

AL-MMC. 
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