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Abstract 

MMCs has an advantage over other composites because of their ability to resist high temperatures, 

moisture, radiation and zero outgassing at vacuum, thermal and electrical conductivities, enhanced 

mechanical properties. Among the several available matrix materials, aluminium and its alloys are widely 

used to produce MMCs. Some of the attractive properties of aluminium are less weight, economically 

feasible, easy to process with good mechanical characteristics. This paper reviews various combination of 

matrix and reinforcement materials available for metal matrix composites, different fabrication methods 

used and  recent  studies on mechanical properties of aluminium based metal matrix composites. 

Introduction:The composite materials is a mixture of two 

or more materials insoluble in one another and possess 

properties which are superior to any of the component 

materials.[1].In today’s era with  a need for advanced 

materials, combination of materials offer the advantage of 

superior characteristic of the resultant material compared 

to their parent metal.[2].Classification: the composites are 

classified into two categories[3] 

1.according to base matrix: Metal Matrix 

Composites(MMCs), Ceramic Matrix 

Composites(CMCs),Polymer Matrix 

Composites(PMCs),Carbon Matrix Composites. 

2.According to reinforcement materials utilized:  Fiber 

reinforced Composite, Particulate reinforced 

Composites,Laminar Composites and Flake  Composites.                                                                

Among the above listed diferrent types(according to base 

matrix) of composites  MMCs are most widely in 

engineering applications due to their advantages over other 

composites.Because of their ability to resist high 

temperatures, moisture and  radiation, also thermal and 

electrical conductivities and enhanced mechanical 

properties[1,4]. 

Metal Matrix Composites(MMCs): is a combination of 

ductile metal or alloy matrix reinforced with other metal, 

nonmetallic or organic compounds.[5 ].The following 

figure shows various combinations of matrix and 

reinforcement materials that can be used for the production 

of MMCs.[1]
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Fig1:Different combination of matrix and reinforcement materials of MMMCs[1]

Selection of matrix and reinforcement material depends on 

application of the composite.Among various choices 

available, aluminium is the most commonly used as matrix 

material. The most important feature offered by aluminum 

is low density, high strength and wear resistance along with 

improved mechanical properties. With a need for high 

strength and lower weight materials for automobile and 

aerospace  applications.hence Aluminium metal matrix 

composites(AMMCs) has received higher attraction by 

engineers.[1-3]. 

The reinforcement material is generally used to enhance 

the desired characteristics of the matrix material. The 

mechanical characteristics of the composite material are 

determined by different factors, which includes the 

properties of the matrix and reinforcement materials, the 

characteristics of the bonds between the matrix and 

reinforcement materials, the volume ratio of the matrix and 

reinforcement materials, the orientation, structure and 

shape of the reinforcement material within the structure of 

composite. In case of reinforcing and optimizing 

lightweight metallic materials, the use of Metal Matrix 

Composite is a highly attractive option for both 

engineering and many other industrial applications. Types 

of reinforcement materials having a significant role in the 

selection of fabrication techniques of AlMMCs. The 

reinforcement particles which generally used are,  

Al2O3[7,8,9], SiC[10,11,12,13] TiC[15,16,17], 

B4C[13,14,18-21], graphite[22] and metal particles.[23]

 

                    

Figure2: fabrication methods  of Aluminium                    Figure3: Pie diagram with usage percentage of various 

metal matrix Composites[2]                                              fabrication methods during the past 15 years    (Source Scopus data 
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Solid state processing/powder metallurgy Solid state 

fabrication of MMCs is the process of bonding matrix 

material and reinforcements due to mutual diffusion 

arising between them in solid states at a higher 

temperature and under pressure. 

Powder metallurgy is known as near net shape 

manufacturing process as it eliminates the requirements of 

further processing of resultant product. It employs raw 

material in powder form and therefore referred as costly 

process as the powder form of any material is costlier than 

its solid form. As can be seen in Fig. 18, it employs four 

different steps for completion of the process. The raw 

material is converted in the powder form through different 

techniques like atomization etc. This powdered base matrix 

is mixed or blended with reinforcement materials with the 

help of milling (ball, planetary, high enemy mill etc.). [86] 

The mixture of powders is than compacted at high pressure, 

by using high capacity hydraulic presses. The compacted 

powder takes the shape of the dies, employed during 

compaction. This compact is then sintered in sintering 

furnace to provide the desired strength to the green 

compact [2,86,87].  

 

Figure3:processing route of powder metallurgy.[2] 

 Squeeze casting. Squeeze casting is a combination of 

casting and hydraulic forging as schematically shown in 

Fig. In this process, the liquid metal is poured into the die 

and immediately forged using the hydraulic press at high 

pressure. The runway is connected between bottom 

pouring and the mould to transfer molten metal from the 

furnace to the die.[2] 

 

Figure 4:schematic view of squeeze casting process[2]

stir casting : Stir casting is a liquid state primary 

manufacturing process for the production of MMCs. Stir 

casting is a process of mixing dispersed phase ceramic 

particles or short fibres in a molten matrix metal using 

mechanical stirring. Its advantages lie in its simplicity, 

flexibility, and applicability to large quantity with low-cost 

production [1]. Stir casting is a process of mixing dispersed 

phase ceramic particles or short fibres with a molten matrix 

metal using mechanical stirring The economy, simplicity 

and ability to produce large and intricate parts are the key 

parameters that makes stir casting the most preferred 

method for producing AMCs [2,25,26,27]. Stirring of 

molten mixture before pouring in mold cavity promotes 

uniform distribution of reinforcement in aluminium matrix. 

Stirring induces vortex formation and the reinforced 

particles get mixed at the side of the vortex [7,28–31]. 

The basic principle and components of stir casting process 

is shown in figure 5. 

 

Figure 5: schematic view of stir casting process[2]. 

There are some critical factors to be considered while 

choosing stir casting methods and are listed below[1]:  

1. Achieving a uniform distribution of particles in the cast 

MMCs. 

 2. Achieving perfect bonding between matrix and 

reinforcement materials.  

3. Minimizing the percentage of porosity in the cast 

MMCs.  

4. Avoiding chemical reactions between the reinforcement 

material and matrix alloy.  

5. Avoiding the reaction of the melt with the atmospheric 

elements.
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Mechanical properties of AMMCs:  

(T)-Ultimate tensile strength & ©-Compressive strength 

Table 1: mechanical properties of various combination of aluminium and reinforcements 

 

 

Conclusion: from the above study we can conclude that 

after  addition of reinforcement, the hardness and ultimate 

Sl.no Composite  Weight 

fraction 

Casting 

method 

Particle size Hardness  Ultimate 

strength  

References 

 

1 AA2024 

(AlCu4Mg1)/Al2O3  

10,20 

and 30  

Stir  16, 32 and 

66 (μm) 

135 BHN  112 (T) [4] 

2 A356(Al-Si7Mg)/Al2O3  1, 3, 5 

and 7.5  

Stir  20 μm  75 BHN  450 (C) [32] 

3 AA2024 

(AlCu4Mg1)/Al2O3  

5  Stir  50 μm   82 HV   224 (T) [33] 

4 Al2011/graphite  2,4 stir 50–60 μm 62 BHN 239.79(T) [34] 

5 A356 alloy/B4C 3,6 stir 40 μm 65.43BHN 183.2(T) [35] 

6 Al 6061/TiC 0,2.5,5% stir ----- 80HV 170(T) [36,37] 

7 SiC/ LM6 alloy 7% stir ----- 68.3HRB ---- [38] 

8 Al4032/sic 0.4,6,8 stir 54 μm 189.2 HV 138(T) [39] 

9 Al7025/B4C 3,9 stir 80 --- 250(T) [40] 

 

10 

AA7075 (Al-

Zn6MgCu)/Al2O3  

1.2  Stir  50 nm   160 HV  400 (T) [41] 

11 AA6061 (AlMg1SiCu)/SiC  6  Stir  20 μm   90 HV   160 (T) [42] 

12 AA7075(AlZn6MgCu)/SiC  6  Stir  150 μm   118 HB  269 (T) [43] 

13 AA6061(AlMg1SiCu)/B4C  15  Stir  60 μm  80 VHN  260 (T) [44] 

14 AA6061(AlMg1SiCu)/B4C  15 Stir  30 μm  97 VHN  270 (T) [45] 

15 A356(Al-Si7Mg)/B4C  10  Stir  20 μm   74 BHN  265 (T) [46] 
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strength  are greatly enhanced compared  to base 

alloy.Thus proving their applicability to the  suitable  

components in engineering applications. 
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