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Abstract— Aluminum based metal matrix composites have 

many applications such as aircraft and aerospace 

components, electrical fittings and connectors, military and 

automotive purposes due to their excellent  physical and 

mechanical properties. Addition of reinforcements into the 

metallic matrix improves the stiffness, specific strength, 

wear, creep and fatigue properties compared to the other 

conventional engineering materials. This paper presents the 

review of the work done on effect of reinforcements in 

aluminum alloy and its effect on the properties of matrix 

material. 
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I. INTRODUCTION 

Metal matrix composites are the metals reinforced with 

other metal, ceramic or organic compounds. They are made 

by Addition reinforcements by weight % in the metal 

matrix. Reinforcements are mainly used to improve the 

properties of the base metal like strength, stiffness, hardness, 

wear, fatigue behaviour etc. In the recent trades Aluminum 

and its alloys mainly attracted most attention as base metal 

in metal matrix composites [1]. Aluminium metal matrix 

composites are widely used in aircraft, aerospace, 

automobiles and various other fields. in ALUMINIUM 

METAL MATRIX COMPOSITE the matrix material keeps 

stable and reinforcement matrix material varies by weight 

percentage. The most commonly used reinforcement are 

silicon carbide (Sic) and Aluminium Oxide (Al2O3). Silicon 

carbide reinforcement increase the tensile strength, 

compressive strength, wear resistance, hardness, etc. as 

compared to matrix metal or other conventional material. 

The particle distribution is very important role in increasing 

the properties of base or matrix mater. Aluminium Oxide 

(Al2O3) has high compressive strength and also wear 

resistance. Boron carbide (B4C) is one of the most 

promising reinforcement due to its properties, including 

high strength, low density (2.52 g/cm3) and extremely high 

hardness (the third hardest material after diamond and boron 

nitride).Addition of boron carbide reinforcement increases 

the hardness, but does not improve the wear resistance 

significantly. Zircon is usually used as hybrid reinforcement. 

It increases the wear resistance significantly. In the last 

decade, the use of fly ash  

Reinforcement has been increased due to their low 

cost and availability as waste by-product in thermal power 

plants. Result revealed that the wear resistance of the 

fabricated composites increases with the increase in the 

flyash contents .Based on the stated potential benefits of 

METAL MATRIX COMPOSITES this paper examines the 

various factors like effect of various reinforcement, 

mechanical behaviour like strength, wear, fatigue behaviour, 

processing methodology and its effects and application of 

the speciality ALUMINIUM MATRIX COMPOSITES were 

discussed. 

II. SILICON CARBIDE REINFORCED 

Yanming and Zhou Zehua [1] investigated about the tool 

wear and its mechanism for cutting SiC ments shows that 

the major damage mechanism is abrasive wear on tool flank 

edge for conventional tools and brittle failure for high 

hardness tools in the cutting composites. The major factors 

affecting tool life are volume fraction of SiC and its size in 

the composite. T.S. Srivatsan [2]: conducted a study of the 

high cycle fatigue and investigated the fracture behaviour of 

7034/SiC/15p-UA and 7034/SiC/15p-PA metal matrix 

composites. The modulus, strength and the ductility of the 

two composite microstructures decreased with an increase in 

temperature. The degradation in cyclic fatigue life was more 

pronounced for the under-aged microstructure than the peak-

aged microstructure Also for a given ageing condition, 

increasing the load ratio resulted in higher fatigue strength.  

N. Natarajan [3]: compared the wear behaviour of 

A356/25SiC MMC with the conventional grey cast iron 

sliding against automobile friction material. It has been 

found that the wear resistance of the composite is higher 

than the conventional grey cast iron and it is a very suitable 

material for brake drum. However, it cannot be used for 

lining material because of the presence of hard SiC particles.  

K. Palanikumar [4]: Assessed the factors influencing surface 

roughness on the machining of Al/SiC particulate 

composites. The technique used was convenient to predict 

the main effects and interaction effects of different 

influential combinations of machining parameters. Feed rate 

is the factor, which has greater influence on surface 

roughness, followed by cutting speed and % volume fraction 

of SiC. The interaction between cutting speed and feed rate 

has more influence comparing with other interactions on 

surface roughness on the machining of Al/SiC MMC 

composites. The parameters considered in the experiments 

are optimized to attain minimum surface roughness using 

response graph, response table, normal probability plot, 

interaction graphs and analysis of variance (ANOVA) 

technique. The optimization procedure can be used to 

predict the surface roughness for turning of Al/SiC-MMC 

composites within the ranges of variable studied. Sedat 

Ozden [5] : investigated the impact behaviour of Al and SiC 

particle reinforced with AMC under different temperature 

conditions. The impact behaviour of composites was 

affected by clustering of particles, particle cracking and 

weak matrix-reinforcement bonding. The effects of the test 

temperature on the impact behaviour of all materials were 

not very significant. Tamer Ozben [6]: Investigated the 

mechanical and machinability properties of SiC particle 

reinforced Al-MMC. Density, hardness, impact toughness 

and tensile strength characteristics of AlSi7Mg2 reinforced 
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with 5, 10 and15 wt.% of SiC-p was examined and effect of 

SiC-p reinforcement ratio on machinability has been 

evaluated. With the increase in reinforcement ratio, tensile 

strength, hardness and density of AlSi7Mg2-MMC material 

increased; but impact toughness decreased. Manoj Singla [7] 

Studied Development of Aluminium Based Silicon Carbide 

Particulate Metal Matrix Composite. The results revealed 

that with increase in composition of SiC, an increase in 

hardness, impact strength and normalized displacement have 

been observed. Zhang Peng [8]: Investigated effects of 

particle clustering on the flow behavior of SiC particle 

reinforced Al metal matrix composites. The results revealed 

that during the tensile deformation, the particle clustering 

will produce great effects on the mechanical response of the 

matrix and the particles and also the elastic response is less 

sensitive to particle distribution, while plastic deformation is 

affected very much by the particle distribution. The particle 

clustering microstructure will experience higher percentage 

of particle fracture than particle random distribution. The 

particle clustering region will promote early the interface 

deboning and void formation in the ductile matrix. Md. 

Habibur Rahman [9]: investigated the characterization of 

silicon carbide reinforced aluminium matrix composite.The 

Microstructures, Vickers hardness, tensile strength and wear 

performance of the prepared composites were analysed 

AMCs of varying SiC content (0, 5, 10 and 20 wt. %) were 

prepared by stir casting process . Addition of SiC in Al 

matrix increased Vickers hardness and tensile strength of 

composites when compared with unreinforced Al. 20 wt. % 

SiC content AMC showed maximum hardness and tensile 

strength. Wear resistance of SiC reinforced AMCs showed 

an increase with increasing SiC content in Al matrix. 20wt. 

% SiC reinforced AMC showed maximum wear resistance. 

A.J. Knowles [10]: Studied Microstructure and mechanical 

properties of 6061 Al alloy based composites with SiC 

nanoparticles. The results revealed the composites produced 

by combining the use of small SiC particles (<500 nm) and 

low ageing temperature, display high strength and hardness 

whilst maintaining remarkable ductility. The combination of 

these properties was superior to existing alloys and similar 

composites. The fine SiC reinforcement sizes (<500 nm) 

used contribute to more efficient strengthening of the 

composites than a similar volume fraction of larger particles, 

because there are a greater number of barriers to dislocations 

and the particles do not fracture during the deformation, 

which results in high strength preserving the ‘‘energy to 

fracture’’ under tensile stress deformation. JEBEEN 

MOSES [11]: Predicted the influence of process parameters 

on tensile strength of AA6061/TiC aluminum matrix 

composites produced using stir casting.  The results revealed 

an existence of optimum range of parameters to produce 

AA6061/15%TiC (mass fraction) AMCs with high UTS. 

The selection and control of stir casting parameters are 

essential to minimize porosity content and achieve uniform 

distribution to enhance the load bearing capacity of the 

AMCs. The UTS was high when the porosity was low and 

the distribution was homogenous. Parshuram M Sonawane 

[12]: Studied Experimental Investigation of Optimum level 

of Reinforcements within 6061Al Alloy for better 

Tribological and Mechanical Properties. The experiments 

revealed that the AAMMCs had better properties than the 

parent aluminium alloy. Mechanical characterization of 

AAMMCs revealed that tensile strength is improved due to 

SiC and Al2O3 while graphite has adverse effect on tensile 

strength and hardness. Tribological characterization of 

AAMMCs on pin on disc revealed that all the three 

reinforcements lead to the improvement in wear resistance 

but graphite is the only one which has reducing effect on 

coefficient of friction. SiC improves wear resistance, co-

efficient of friction, hardness & strength by 32%, 55%, 30% 

& 21% respectively. Graphite, being a dry lubricant, 

improves wear resistance by 35% whereas it reduces 

coefficient of friction, hardness & strength by 33%, 50% & 

65% respectively. Al2O3 has the similar effect as that of the 

SiC but contributes less than that of Sic.Kalyan Kumar 

Singh [13]: Compared The wear and friction properties of  

the  Al matrix alloy and Sic based aluminum metal matrix 

composites under dry condition at different sliding distance. 

The results revealed that the values of coefficient of friction 

and wear rates are lower for silicon carbide based aluminum 

metal matrix composite compared with aluminum matrix 

alloy at both sliding speeds. With increase in sliding speeds, 

the values of coefficient of friction and wear rates for both 

aluminum matrix alloy and silicon carbide based aluminum 

metal matrix composites (MMCs) also increase. So 

aluminum matrix alloy and silicon carbide based aluminum 

metal matrix composite should prefer for low speed 

application. 

III. BORON CARBIDE REINFORCED 

E. Mohammad Sharifi [14]: Fabricated and evaluated the 

mechanical and Tribological properties of boron carbide 

reinforced aluminum matrix nanocomposites. The result 

reveled that, increasing the amount of B4C nanoparticles 

brought about high hardness in the consolidated samples. 

Maximum hardness of 164 HV was observed in the sample 

containing 15 wt.% B4C. Increasing the amount of B4C 

nanoparticles caused the ultimate compression strength to 

increase and ductility to decrease. Ultimate compressive 

strength of the sample containing 15 wt.% B4C was 

measured to be 485 MPa , which is much higher than that 

for pure Al (130 MPa).The wear resistance of the 

composites increased by increasing the B4C nanoparticles 

content .M. R. Moradi [15]: Fabricated the Nano-composite 

Al-B4C Foam via Powder Metallurgy-Space Holder 

Technique. The strength increased by composite production 

and the use of nanoparticles up to 2 vol.% B4C,yield 

strength increased and densification strain did not change 

with increasing the volume percentage of reinforcing 

particles. By composite production in the foam produced 

along with increasing the porosity, mechanical properties 

compared to pure foam sample with lower porosity 

improved. Keshav singh [16]: Investigated and deals with 

synthesis and characterization of mechanical properties of 

LM 24 alloy based composites reinforced with B4C 

particles. The result revealed that The hardness of the 

composites is higher as compared to un-reinforced alloy and 

hardness of the composites increases with increasing weight 

percent of the B4C particles. The Ultimate tensile strength 

of composites increases with increases weight % of B4C 

particles up to 7%. Impact strength of the alloy increases 

52.94 % on reinforcing it with 7% of Boron Carbide.S J 

Sanjay [17]: Studied the Effect of Artificial Ageing on Wear 

Behaviour of Al7010/B4C Composite. The addition of 9% 
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of B4C showed the improvement in the wear resistance. The 

T-6 heat treatment with ageing period of 5 hours had a 

significant effect on wear resistance of composite. The 

composite Al7010+9%B4C after heat treatment showed less 

wear rate compared to base alloy and other composites. 

Aatthisugan [18]: Studied the Mechanical and wear 

behaviour of AZ91D magnesium matrix hybrid composite 

reinforced with boron carbide and graphite & concluded that 

the, Hardness value of AZ91D–B4C composite is high 

compared to AZ91D alloy and AZ91D–B4C–Gr hybrid 

composite. Similarly, tensile strength of composite 

decreased when compared to alloy and hybrid composite. 

Adding B4C reinforcement to AZ91D alloy increases the 

wear resistance of the composite. K.T. Akhil [19]: Studied 

the Cooling Rate and Influence of Boron Carbide on 

Mechanical Properties of Aluminium LM13 Matrix B4C 

Reinforced Composites. & concluded that the Hardness and 

Tensile strength of Aluminium Metal Matrix Composites 

were improved with Percentage of boron carbide. 

IV. ALUMINIUM OXIDE REINFORCED 

S.C. Tjong [20]: Studied Cyclic deformation behavior of in 

situ aluminum–matrix composites of the system Al–Al3Ti–

TiB2–Al2O3. Reactive hot pressing of Al–B2O3–TiO2 

system and Al–B–TiO2 system resulted in the formation of 

ceramic Al2O3 and TiB2 particulates (50 nm) as well as 

coarse intermetallic Al3Ti blocks. Composite 2 with higher 

Al3Ti content showed considerably higher tensile strength 

but poorer tensile ductility compared to composite 1. M. 

Kok [21]: Fabricated and Studied mechanical properties of 

Al2O3 particle-reinforced 2024 aluminium alloy composites. 

2024 aluminium alloy metal matrix composites (MMCs) 

reinforced with three different sizes and weight fractions of 

Al2O3 particles up to 30 wt. % were fabricated by a vortex 

method and subsequent applied pressure. The result show 

that the density of the composites increased with increasing 

weight percentage and size of particles, whereas the porosity 

of the composites increased with decreasing size and 

increasing weight percentage of particles. The wettability 

and the bonding force between Al alloy/Al2O3 particles were 

improved by the applied pressure after the casting and the 

porosity was also decreased because of this pressure. the 

tensile strength and hardness of MMCs increased. B.G. Park 

[22]: Investigated the High cycle fatigue behaviour of 

microsphere Al2O3–Al particulate metal matrix composites. 

The fatigue strength of the powder metallurgy processed 

composites was generally higher than that of the 

unreinforced alloy. The improved performance of the 

composites is attributed to their higher elastic module. The 

beneficial effect of particle addition on fatigue strength was 

more evident at lower stress levels.  Manoj Mittal [23]: 

Investigated an Improvement in mechanical properties of 

plasma sprayed hydroxyapatite coatings by Al2O3 

reinforcement. Coatings were fabricated by shrouded plasma 

spray process using HA and (0–30%) Al2O3 as 

reinforcements the result revealed that Surface roughness, 

porosity, macrohardness, tensile strength and wear 

resistance of coatings increased with an increase in Al2O3 

content. Surface roughness of specimens after wear test 

reduced significantly compared to as-sprayed coatings. A. 

PRAMANIK [24]: Investigated the Effects of reinforcement 

on wear resistance of aluminum matrix composites. The 

result revealed that the ceramic reinforcements improve the 

wear resistance of a monolithic metal in all changing 

variables of distance, load and sliding speed. The size of the 

debris of matrix material is bigger than that of  MMC. For 

both the materials, the size of the debris increases with the 

increase of pressure and sliding speed. Bhaskar  Chandra  

Kandpal [25]: Fabricated and characterization of 

Al2O3/aluminium alloy 6061 composites fabricated by Stir 

casting. The result revealed that increase in hardness and 

decrease of ductility with increasing aluminium oxide 

content, with increase in volume fraction of aluminium 

oxide in the alloy with increasing silicon carbide. Marginal 

increase in UTS in the alloy can be attributed in inadequate 

homogenity of Al2O3 particles in the matrix Both ductile and 

brittle mode of fracture is observed in the composite. The 

increase in Al2O3 content shifted the fracture mode from 

ductile to brittle. Mithun B Ra [26]: Investigated the 

Microstructure and Mechanical Properties of Cu-Coated 

Al2O3 Particulate Reinforced 6061 Al Metal Matrix 

Composite. The hardness of composites increases with 

increasing wt% of Al2O3 reinforcement. The hardness of the 

composites containing Cu-coated Al2O3 was observed to be 

higher than that of composites containing uncoated Al2O3. 

Improvements in mechanical properties of the 6061Al 

matrix were obtained with the addition Al2O3 particulates. 

Ultimate tensile strength of 6061Al - Al2O3 MMC’s is found 

to increase by 27.6% and 31.5% for un-coated Al2O3 and 

Cu-coated Al2O3 respectively at 9 wt.%. Ductility of the 

composites decreases with increasing weight% of 

reinforcement as compared to as cast 6061Al alloy. Ductility 

of Cu-coated Al2O3 reinforced 6061Al is found to be greater 

than composites containing un-coated Al2O3 but much lesser 

than 6061Al alloy. Amit Raturia [27]: Investigated the 

characterization of mechanical, tribological and micro 

structural behaviour of Al 7075 matrix reinforced with nano 

Al2O3 particles. The result revealed that the hardness values 

are increased with increase in addition of nano particles. The 

tensile, impact, and flexural strength of composite were 

enhanced, compare with the matrix alloy. However with 

increasing the weight percentage (At 7 Wt %) of 

reinforcement (nano Al2O3) the tensile, impact, and flexural 

strength of composites decreases due to uneven distribution 

of nano particles, low wettability, high porosity and 

clustering formation. Wear rate of composite is decreased 

with increase in wt% of nano particles (Al2O3) and increased 

with increase in applied load due to increasing temperature 

and friction at higher loads under sliding wear condition.  

V. ZIRCON REINFORCED 

Sanjeev Das [27]: Compared Abrasive wear of zircon sand 

and alumina reinforced Al–4.5 wt%Cu alloy matrix 

composites. Result revealed that the Wear resistance 

properties of Al–4.5 wt%Cu alloy improve significantly 

after addition of alumina and zircon particles. Zircon 

reinforced composite shows better wear resistance than 

alumina reinforced composite due to its superior particle–

matrix bonding. S. Scudino [28]: Studied the Mechanical 

properties of Al-based metal matrix composites reinforced 

with Zr-based glassy particles produced by powder 

metallurgy & resulted that compressive strength of pure Al 

increases by 30% with 40% volume of glass reinforcement. 

While the volume fraction of the glassy phase increasing to 



Reinforcements used and Their Impact on Properties of Aluminium Metal Matrix Composites - A Review 

 (IJSRD/Vol. 6/Issue 02/2018/298) 

 

 All rights reserved by www.ijsrd.com 1105 

60%, the compressive strength further increases by about 

25%. 

VI. FLY ASH REINFORCED 

M. Ramachandra [30]: Investigated the Effect of 

reinforcement of flyash on sliding wear, slurry erosive wear 

and corrosive behavior of aluminium matrix composite. 

Result revealed that the effect of increased reinforcement on 

the wear behavior of the MMCs is to increase the wear 

resistance and reduce the coefficient of friction. The MMCs 

exhibited better wear resistance (20–30% improvement) due 

to its superior load bearing capacity. Slurry erosive wear 

resistance increased with increase in flyash content. The 

formation of passive layer on the surface of the slurry 

erosive specimens decreased wear loss forming a protective 

layer against impact of slurry. Corrosion resistance of 

reinforced samples has decreased with increase in flyash 

content.David Raja Selvam [31]: fabricated AMCs 

reinforced with various weight percentages of SiC 

particulates and a constant weight percentage of Fly Ash by 

modified stir casting route. Result revealed that the micro 

and macrohardness of the composites were increased from 

69.53 HV to 78.8 HV and 49.4BHN to 57.21 BHN with 

respect to addition of weight percentage of SiC and constant 

weight percentage of FA particles. Viney Kumar [32]: 

Compared the Mechanical properties and effect of sliding 

velocity on wear properties of Al 6061, Mg 4%, Fly ash and 

Al 6061, Mg 4%, Graphite 4%, Fly ash Hybrid Metal matrix 

composite. Result revealed that the With upto 15% addition 

of fly ash tensile strength increases  further addition of fly 

ash tensile strength decreases .By addition of fixed quantity 

of graphite i.e. 4% tensile strength decreases but is still more 

than the base metal. Graphite addition smoothens the 

machining. Hardness of sample no. 4 i.e. 20% fly ash is 

maximum .Fly ash increases hardness whereas graphite 

decreases hardness in a little amount but improves 

machining. Specific wear rate decrease with increasing 

percentage of fly ash(upto 15% fly ash). With further 

addition of fly ash, composite’s hardness increases and this 

may be concluded that material becomes less ductile that is 

why on increasing addition of fly ash specific wear rate 

increases. With addition of a fixed quantity of 4% graphite 

with same volume percentage of fly ash when compared; 

specific wear rate decreases. Jianbin Zhu [33]: Fabricated an 

A356/fly-ash-mullite interpenetrating composite and its 

wear properties. Result revealed that the wear mechanism of 

the optimal IPC was abrasion. Compared to the base A356 

alloy, the optimal composite achieved better wear resistance, 

as well as a high and steady frication coefficient. It can be 

concluded that the optimal IPC has good potential for use as 

a wear-resistant braking material Vipin K. Sharma [34]: 

Investigated the effect of flyash particles with aluminium 

melt on the wear of aluminium metal matrix composites. 

Result revealed that the wear resistance of the fabricated 

composites increases with the increase in the flyash 

contents. The composites with high flyash contents resulted 

in 13.6% less wear as compared to low flyash content 

composites. 

VII. CONCLUSION 

Several confronts must be surmounted in order to strengthen 

the engineering usage of AMCs such as processing 

methodology, influence of reinforcement, effect of 

reinforcement on the mechanical properties and its 

corresponding applications. The major conclusions derived 

from the prior works carried out can be summarized as 

below, 

 Additions of silicon carbide particles in matrix it 

increases the tensile, compressive strength, also SiC 

reinforced Al MMCs have higher wear resistance than 

Al2O3 reinforced MMC. 

 Wear resistance of SiC reinforced AMCs showed an 

increase with increasing SiC content in Al matrix 

 It has been found that the increase in volume fraction of 

Al2O3 decreases the fracture toughness of the Al MMC. 

 Increase in hardness and decrease of ductility with 

increasing aluminium oxide content, with increase in 

volume fraction of aluminium oxide. 

 The wear resistance of SiC reinforced Al MMC is 

higher than B4C reinforced MMC. 

 The wear resistance and compressive strength of Al 

MMCs increase with the addition of Zircon sand 

reinforcement 

 The addition of flyash reinforcement in Al increases the 

wear resistance but decreases the corrosion resistance. 
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