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Abstract— Now a day’s single reinforced composites are replaced by hybrid composite due to tailorable
properties. Aluminium alloys are generally used in aerospace and automobile industries due to their better
properties such as high stiffness and specific strength, good corrosion and wear resistance, low coefficient
of thermal expansion etc. The purpose of present study is to provide detail review on mechanical and
tribological performance of hybrid aluminium matrix composites fabricated with different combination of
reinforcement filler. The different methods of fabrication for these composites are also reviewed. It is
concluded form most of the research papers that mechanical and tribological properties of composites are
enhanced with different combination of reinforcement and increase in percentage addition of
reinforcement.
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I. INTRODUCTION

Hybrid composites are those materials in which two or more different kinds of reinforcements are used in a single matrix.
The hybrid composites have better properties than composite materials containing only a single kind of reinforcement.
The reinforcement materials used in composites may be in the form of particles, whiskers, continuous and discontinuous
fibres. [1-3]

Many studies have been done on development of hybrid metal matrix composite with commercially available aluminium
alloys. Commercial aluminium alloys were generally used for metal matrix composites because aluminium is light
weight, high strength and ductile material.

Manufacturing methodology used for hybrid aluminium matrix composites is classified as liquid phase processing and
solid phase processing. Powder metallurgy is the mostly used solid phase method to fabricate composites. It gives
uniform distribution of reinforcements among the matrix material. In liquid phase processing stir casting method is
widely used for manufacturing composites. Stir casting is an economical method as compare to other process. Spray
casting, squeeze casting, Compo-casting and friction stir processing etc. are the other liquid phase processing fabrication
method but these methods are not commonly used.

Il. REVIEW LITERATURE

The aim of this paper is to review the reinforcements effect on mechanical and tribological properties and the effect of
the fabrication method on distribution particle on hybrid Al matrix composites, as experienced by various researchers.

A. Reinforcements Effect on Mechanical Characteristics Of Hybrid Aluminium Alloy Metal Matrix Composites

Poovazhagan et al. [4] investigated mechanical properties of Hybrid Aluminium Alloy (Al 6061) Composites
Reinforced with SiC and B,C Nano-particles, fabricated by high intensity ultrasonic cavitation. Experiment like Field
emission SEM, Energy Dispersive Spectroscopy (EDS) analysis, Birnell’s hardness test, Charpy impact test and tension
test are performed to find out Brinell hardness values, stress strain diagram, impact energy process. It is observed that
properties such as tensile strength, hardness, ductility and impact strength significantly improve by addition of small
amount of Nano-particles in composites.

Pawar and Utpat [5] developed Aluminium alloy (Al6061) based metal matrix composite for Spur Gear. Silicon
carbide was used as reinforcement particles. Microstructure Test, Hardness Test (Brinell hardness test) and Spur Gear
Design Calculation were done on fabricated composites. The researcher suggested that these composites can be used as
gears material.

Keshavamurthy et al. [6] investigated Mechanical and Microstructural characteristics of Al7075 alloy composite
reinforced with TiB,. The Microstructure analysis, tensile test, grain size studies and micro hardness test were performed.
Experimental results showed that Al7075-TiB, composite have higher yield and tensile strength and lower ductility as
compared to the unreinforced alloy.
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Alanemea and Ajayi [7] investigated the mechanical and microstructural characteristics of Zn-27Al based hybrid
composites. The hybrid composites are prepared by stir casting method with different percentage of silicon carbide (SiC),
rice husk ash (RHA) and graphite particles. The fabricated hybrid composites were characterized by microstructure
analysis and mechanical testing such as fracture toughness, tensile and Hardness test. The microstructure analysis of
composites indicated fine distribution of the reinforcements particles on Zn-27Al alloy matrix. The results also showed
that fracture toughness increased with increase in weight percent of RHA while hardness and tensile strength
decreased of the composites.

Mohanavela et al. [8] studied the mechanical and microstructure behaviour of hybrid Aluminium Alloy 6351 aluminium
alloy composites. The composites were reinforced with Graphite and Al,O; particles and prepared by stir casting method.
In this study tensile strength, flexural strength microhardness and macro hardness were measured. The optical
microscope was used to observe particle distribution of the fabricated composites; it showed almost homogeneous
dispersal of the reinforcements in the base alloy. The result indicated hardness, tensile strength and flexural strength were
increased in the AA6351 base metal alloy with the increase in reinforcements. The dispersion of Al,O3/Gr particles were
considerably improve mechanical properties of the A6351 composite.

Shalaby et al. [9] fabricated A359 composites with varying weight percentage of Silicon carbide and silicon nitride
particles through stir casting and squeeze casting methods. Combined stir casting and squeeze casting methods reduce
residual porosity and agglomerations of particles in composite. Microstructure analysis, X-ray diffraction analysis,
compression test were performed to study the physical and mechanical behaviour of fabricated hybrid composite.
Microstructure analysis showed uniform distribution of reinforcements within alloy matrix. Results also showed that
higher values of Compressive strength in produced hybrid composites as compare to A359 matrix Alloy.

Gladston et al.[10] studied AA6061 aluminium alloy reinforced with various amounts of RHA particles, produced by
compo casting technique. The produced composites were described by using SEM and X-ray diffraction test. The SEM
analysis showed a uniform distribution of RHA particles on base metal matrix alloy. Micro hardness and ultimate tensile
strength were also performed. The results showed that reinforcement of RHA particles in aluminium metal matrix
increased the ultimate tensile strength and micro hardness of the composites.

Kumar and Kiran[11] investigated mechanical and Microstructural characteristics of aluminium 6063 matrix
composites. The composites was prepared by stir casting and reinforced with titanium carbide. Density, tensile, impact
and hardness, tests were performed for mechanical characterization of composites. X-ray diffraction techniques and
Scanning electron microscopy were used to study the phase identification and fracture mechanism. Result showed that
with the addition of titanium carbide increased in density, tensile strength and hardness of composites to 7.8%, 19.55 and
20% respectively while decrease in the elongation and impact strength of composites to 35% and 31% respectively.
Ghasali etal. [12] Studied mechanical properties of hybrid composites made of pure and 1056aluminum powders as
matrix material and reinforced with 15 wt% SiC- 7 wt% TiC. The composites were produced through powder metallurgy
method. Relative density, bending strength and micro hardness were investigated. Scanning electron micrograph showed
homogenous distribution of reinforcements particle with in composites The results showed that microstructure and
mechanical properties of composites fabricated by 1056 aluminium better compared to pure aluminium matrix
composites.

B. Effect of Filler Content on Tribological Characteristics of Hybrid Aluminium Metal Matrix Composites

Kumar and Xavior[13] fabricated Al 2024 based hybrid composites reinforced with SiC and Graphene particles to
study the effect of Graphene on wear and coefficient of friction on hybrid composites. The composites were fabricated
by powder metallurgy route. Density flexural strength Hardness, and X-ray diffraction tests were performed on the
hybrid composites. It was observed that reduction in the wear resistance and friction coefficient values in hybrid
composite as compared to pure alloys. Also, results showed that there is a decrease in wear losses, surface roughness and
coefficient of friction in hybrid composite.

Prasad and Shoba[14] studied the tribological behavior of A356 matrix hybrid composites with reinforcement of rice
husk ash (RHA) and SiC particle. The composites were fabricated by vortex method containing 2, 4, 6, and 8 weight
percentage RHA and SiC (in equal proportions).Pin-on disk wear test were performed and SEM was done to analyse the
wear behaviour of the hybrid composites. The results showed that wear resistance increased in hybrid composites.
Ambigai and Prabhu[15] investigated tribological behavior of LM6 alloy composite reinforced with graphite (Gr) and
SisN, nanoparticles. The gravity die acting method was used to fabricate Al-Gr nano composite, Al-SizN; nano
composite and Al-Gr—SizN,4 hybrid composite. The wear characteristics such as coefficient of friction and wear rate were
found under dry sliding conditions. The results indicated that the coefficient of friction wear rate and decreased in hybrid
composite as compare to Al-SizN, nano composite. Also F-test and Analysis of variance (ANOVA) were applied to
determine the significant parameters affecting the wear rates.

Anitha and Balraj[16] investigated the dry sliding wear behaviour of AI7075 hybrid composites. The Composites were
prepared by stir casting method with different weight fraction of Al,O3 and graphite particles. Wear test was done on a
pin-on-disc tribometer. SEM was done to ensure Uniform distribution of reinforcing particles. Coefficient of friction and
wear rate were evaluated with various parameters such as applied load and sliding distance. The wear test data was
analysed by analysis of variance. The wear test results showed that wear rate main influenced by Al,O3% and applied
load While, applied load and percentage of graphite particles influenced the friction coefficient.

Carvalho et al. [17] investigated the tribological properties of AISi aluminium alloy hybrid composite reinforced with
2wt% CNTs-5wt% SiC particles. Also compared wear behaviour of  the unreinforced AlSi alloy, AlSi—2%wWtCNTSs
andAlSi-5wt%SiC particles composite. Powder metallurgy method was used for fabrication of the AISi alloy
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composites. Wear tests were done on Dry reciprocating pin-on-plate machine. The results indicated enhance wear
behaviour of all fabricated composites and AlSi hybrid composite had the best wear characteristics because combine
effects of both reinforcements. SEM and EDS analysis was done to characterize the wear properties of hybrid composite.
Which indicate that wear of hybrid composite is characterised by adhesive wear and abrasive wear.

Umanath et al. [18] studied wear properties of Al6061-T6 reinforced with discontinuous Al,Oz; and SiC and hybrid
composite. The wear test was performed by using a pin on disc wear tester. The effect of reinforcement volume fraction,
counter-face hardness rotational speed and applied load on wear is analysed in detail. Analysis of variance (ANOVA)
and statistical regression analysis were done to study the effect of various parameters on wear rate. The results showed
that 15% hybrid composite has wear resistance better than that of the 5% composite.

Naplocha and Granat[19] studied wear properties of Aluminium alloy composites reinforced with different weight
percentage of Al,O3 (Saffil) fibres and graphite (flakes and fibres), prepared by the squeeze casting method. The effects
of the reinforcement volume fraction, form of graphite and applied load on dry sliding wear were observed using
reciprocating movement. The results showed wear losses decreased with addition of alumina fibre while graphite
addition increased wear loss. The results also indicated that Graphite fibres prevented the hybrid composite from wear
better than graphite flakes.

Monikandan et al. [20] investigated mechanical and tribological properties of Al6061-10 wt. % B4C-MoS, hybrid
composites prepared by stir casting technique with self-lubricating characteristics. Microstructural analysis, hardness test,
facture toughness test and wear rest were performed. The result showed uniform distribution of particles. Hardness and
fracture toughness of the hybrid composites are decreased increase with reinforcement of MoS, particles. The Coefficient
of friction and wear rate of the composites decreased with reinforcement of MoS, particles.

Elango et al. [21] studied wear properties of aluminium alloy LM25 filled with SiC and TiO, particles and manufactured
by stir casting method. Dry sliding wear test was done on a pin on disk wear tester. The experiments were performed at a
constant sliding distance and sliding velocity over a various loads for SiC 7.5% and 2.5% & 5% TiO,. The results
indicated that the wear rate reduced in hybrid composites. It was also indicated that increase in sliding distance and load
the wear of the test specimen increased while decreased in coefficient of friction. Wear mechanism of worn surfaces were
studied by Scanning Electron Microscope.

Hariprasad et al.[ 22] investigated wear behaviour of Al 5083 hybrid composites fabricated by stir casting process
dispersed with four varying weight percentages of B,C (0%, 3%, 5%,and 7% ) and fix weight percentage of Al,Os.
Dry wear test done on pin-on-disc testing machine to evaluate wear rate and wear loss with the different load. The
Scanning Electron Microscope (SEM) was done to analyse worn surface. The SEM analysis showed light adhesive wear
of worn surface. The result also showed that the increasing weight percentage of Al,Ozand B,C improve wear resistance.
Kumar et al. [23] studied mechanical properties and wear characteristics of Al 6061 composites reinforced with Fly
ash Magnesium 4%, and Graphite 4%, Magnesium 4%. Tensile Test, Hardness test (Vickers Hardness Tester), wear Test
are performed to find out tensile strength, hardness, Specific Wear Rate. The results showed that graphite addition cause
decrease in tensile strength, hardness and Specific wear rate. While addition of fly ash increased tensile strength and
decreased Specific wear rate. Maximum tensile strength was observed in composite filled with 15% Fly ash, 4%
Magnesium and maximum hardness were observed in composite of 20% Fly ash, 4% Magnesium.

Zhua and Hong Yan [24] investigated wear properties of an A356/fly-ash-mullite interpenetrating composites (IPC)
fabricated by a three-stage schedule squeeze casting method. Wear test done by pin-on-disc tribometer. The composite
have higher wear resistance and friction coefficient as compared to the base A356 alloy. The IPC has been suggested for
brake material.

Kumar et al. [25] investigated physical, mechanical properties and wear behaviour of Al-7075 composites filled with
nickel powder. The composites were prepared by stir casting method with four different percentage of nickel powder.
Experiments are performed to assess void content, impact strength, compressive strength, Vickers hardness and sliding
wear resistance of fabricated composites. The results showed that void content, impact strength, compressive strength
and Vickers hardness of composites were increased with the increase in percentage nickel reinforcement, while flexural
strength of the composites decreased with addition reinforcement. Also SEM was used to understand the wear
mechanism of the composites. The author suggested application of these composites in gear material.

Uthayakumar et al.[26] investigated dry sliding wear behaviour of 1100 aluminium alloy hybrid composite reinforced
with 5% SiC and 5% B,C fabricated by stir casting method. Friction and wear performance of the hybrid composites
were measured by using pin on disc tribometer at different load and sliding velocities. Scanning Electron Microscopy
(SEM) with Energy Dispersive X-ray, studies were performed to find microstructure and deformation of composites.
Results showed that the hybrid composites hold the wear resistance properties up to 60 N and wear rate and coefficient of
friction were decreased with increase in sliding speed.

Shirazi et al. [27] fabricated Al 6061based hybrid nano-composites reinforced with graphite and SiC nano-particles to
investigate the solid-particle erosion wear and dry sliding wear behaviour. The composites were fabricated by powder
metallurgy method containing 0, 2, 5 and 7 % of volume of micro Graphite particles and fixed 2vol% of SiC nano-
particles. The results showed that reduce hardness of nano composite with increase in percentage of graphite particle.
The hybrid composite as Compared with Al/2SiC showed lower friction coefficient and higher wear resistance. SEM was
done to study worn surfaces (dry wear).the SEM result indicated that adhesive wear accrued in Al/2SiC nano-composite
while the Al/2SiC/Gr hybrid nano-composites showed abrasive wear.
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111. CONCLUSIONS AND FUTURE SCOPE

Based on the literature survey of the published work on aluminium metal matrix hybrid composite the following

interferences are drawn.

e Al is one of the most excellent choices available for matrix, because of its better mechanical property, with high
corrosion resistance, high toughness and also low density. Al is also not expensive compared to other light elements.
Thus, the use of aluminum based MMCs increased in the area where, advanced structural applications, good wear
resistance at elevated temperature, and enhanced mechanical properties are significant.

o Various reinforcements like silicon carbide, Alumina, graphite, boron carbide, RHA, fly ash, silicon nitride, titanium
carbide, titanium oxide etc. used in MMCs.

o SiC particle is easily available, low density reinforcement. In recent year, AMMCs with SiC reinforcements used in
aerospace, civil, military and manufacturing industries because of its high strength, modulus, fatigue resistance and
wear resistance.

o Stir casting method is the mostly used and economical fabrication method for metal matrix composites.

o Various mechanical properties such as, impact strength, hardness and tensile strength, density, microstructure, were
evaluated at various reinforcement with varying percentage and combination.

e Tribological properties such as wear resistance, friction coefficient and surface roughness were evaluated at varying
load, sliding speed and sliding distance condition.

Some researcher applied Taguchi method to optimize friction coefficient and wear rate.
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