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Abstract- The demand for aluminum hybrid metal matrix composites has increased in recent times due to their enhanced 

mechanical properties for satisfying the requirements of advance engineering applications. The performance of these materials 

is greatly influenced by the selection ofan appropriate combination of reinforcement materials. The reinforcement materials 

include carbides, nitrides, and oxides. The ceramic particles, such as silicon carbide and aluminum oxide, are themost widely 

used reinforcement materials for preparing these composites. In this paper, an attempt has been made to prepare an AA6101 

hybrid metal matrix composite (HAMMC) reinforced with Particulates with different weight fractions of SiC and Al2O3 and  

by a stir-casting process. The experimental study has been carried out on the prepared composite to investigate the mechanical 

properties due to the addition of multiple reinfor cement materials. The density and mechanical properties, such as ultimate 

tensile strength, yield strength, impact strength, and the hardness and wear characteristics of the proposed composite, are 

compared with those of unreinforced AA6101. The experimental investigation is also aimed at observing the variation of 

properties with a varying weight percentage of the reinforcement materials SiC andAl2O3 simultaneously with the fly ash 

content maintained constant. The outcome of the experimentalinvestigation revealed that the proposed hybrid composite with 

20% of total reinforcement material exhibits high hardness, high yield strength, and low wear rate but no considerable 

improvement in impact strength. 
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                    I. INTRODUCTION 
In Aluminium Metal Matrix Composites (AMMCs), 

aluminium has been the matrix material and the 

reinforcement has usually been a non-metal and a 

commonly used ceramic materials are Al2O3, SiC, Gr 

and B4C. Properties of AMMCs can be tailored by 

varying the nature of constituents and their volume 
fraction. AMMC material systems offer superior 

combination of properties (profile of properties) in such 

a manner that today no existing monolithic material can 

arrive over the years. AMMCs have been tried and used 

in numerous structural, non-structural and functional 

applications in different engineering sectors.  

 

The driving forces for the utilization of AMMCs in 

these sectors include performance, economic and 

environmental benefits. The key benefits of AMMCs in 

transportation sector have been their lower fuel 

consumption, less noise and lower airborne emissions. 
With increasing stringent environmental regulations and 

emphasis on improved fuel economy, use of AMMCs in 

transport sector will be inevitable and desirable in the 

coming years. AMMCs have been intended to substitute 

monolithic materials, including aluminum alloys, 

ferrous alloys, titanium alloys and polymer-based 

composites in several applications. It is now recognized 

that in order for substitution of AMMCs for monolithic 

materials in engineering system to be wide spread, there 

has been a compelling need to redesign the whole 

system to gain additional weight and volume savings. In 

fact, according to the UK advisory council on science 

and technology, AMMCs can be viewed either as a 

replacement for the existing materials, but with superior 

properties, or as a means of enabling radical changes in 

the system or the product design.  
 

Moreover, by utilizing near-net shape forming and 

selective-reinforcement techniques, AMMCs can offer 

economically viable solutions for wide variety of 

commercial applications. Recent success in commercial 

and military applications of AMMCs has been based 

partly on such innovative changes made in the 

component design. Lack of knowledge and information 

about utilization possibilities, service properties and 

material producers have hindered the wider usage of 

AMMCs. Hence, this part is concentrated in the present 
study for improving the utility of AMMCs in many 
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fields of engineering and technology. The density of SiC 

is slightly greater than that of AA6101. However, it is 

chemically compatible with aluminum and it also 

exhibits adequate bonding with the matrix material 

without developing ban inter-metallic phase. It is a low-

cost material with good thermal conductivity and 

workability as compared to other reinforcement 

materials [1]. Kumar et al. [2] studied the influence of 

SiC on the hardness of an AA6101-SiC Composite. 

They found that the increase of SiC from 0 to 6 wt % 

leads to an improvement in the hardness of the 
composite by an amount of 67%.  

 

This improvement can be attributed to the reason that 

the SiC possesses higher hardness. The presence of SiC 

in the composite provides an improvement in its 

hardness. Some attempts have been made on preparing 

HAMMCs with SiC and other reinforcement materials. 

Mohave and Akhlaghi [3] employed an in-situ Powder 

Metallurgy technique for preparing an Al6061/SiC/Gr 

hybrid composite. They conducted various tests to study 

its hardness, compaction behaviour, tribological 
behavior, etc., and their results show that the SiC 

particles decrease the compressibility of the hybrid 

powders and improve the hardness of the composite. 

 

II. LITERATURE REVIEW 
Velmurugan et al.[1]investigated the friction and wear 

behavioran Al6101 hybridcomposite reinforced with 8% 
SiC and a varying percentage of graphite content (1%, 

3%, and 5%). They stated that the hardness of the 

composite increased with a decreasing weight 

percentage of graphite particles and an increase in 

graphite content leads to an increase in wear resistance 

of the composite [7]. 

 

Uvaraja and Natarajan[2]made an attempt to study the 

tribological characteristics of a stir-cast Al6061alloy 

reinforced with varying percentages of SiC and a 

constant percentage of B4C particulates. The yidentified 
that the hybrid composite sample with 10 wt % SiC and 

3 wt % B4C composition has better tribological 

properties [8]. 

 

Selvam et al[3].  Fabricated an Al6061 composite 

reinforced with various weight percentages of SiC 

particulates and a constant weight percentage of fly ash 

by a modified stir-casting 

route. The mechanical properties, such as hardness and 

tensile strength, were improved with the increase in 

weight percentage of SiC particulates with a constant 

weight percentage of fly ash in the aluminum matrix[9] 

 

Naveed and Khan[4]it have successfully produced 

Al6061–SiC–Graphite hybrid composites by the vortex 

method with up to 4 wt % graphite and constant 7 wt % 

SC. They observed from their experimental study that 

the ultimate tensile strength of Al6061 increases with 

the addition of 7 wt % SiC. However, the ultimate 

tensile strength of Al6061 decreases with an increase in 

graphite content [10] 

 

Reddy et al[5].  conducted an experimental study to 

explore mechanical properties of anAl6061 alloy 

reinforced with various compositions of boron carbide 

and silicon carbide produced by astir-casting technique. 

Tensile, flexural, hardness, and impact tests were 
performed and it was found that the hybrid composites 

had better properties than pure aluminum. The other 

commonly used reinforcement material in HAMMCs is 

Al2O3. It exhibits good oxidation resistance. The 

Al2O3 particulates are much more inert in an aluminum 

matrix as compared to Sic particulates [11] 

 

Pitchayyapillai et al[6].  made an attempt to develop an 

HAMMC reinforced with Al2O3 andMoS2 using a stir-

casting method. After their investigation on the 

mechanical characterization of their HAMMC, they 
concluded that the incorporation of Al2O3 in an 

HAMMC increases the wear resistance of the composite 

and also they noticed that the addition of MoS2 leads to 

the further enhancement of the wear resistance of the 

composite. It is observed from the literature that most of 

the researchers developed HAMMCs using the 

particulates of SiC, Al2O3, and other reinforcement 

materials[12]. 

 

III. MATERIALS FOR PREPARING THE 

HYBRID METAL MATRIX COMPOSITE 
1. Matrix Material 

In the present work, Al6061 has been chosen as the 

matrix material for preparing the hybrid metal matrix 
composite as it finds enormous application in the 

construction, automotive, marine, etc.industries due to 

characteristics such as moderate strength, good 

corrosion resistance, and toughnesscompared to other 

aluminum alloys. 

2. Reinforcement Materials 

In this work, three ceramic particulates, namely SiC, 

Al2O3, have been employed as reinforcement materials 

to make the proposed hybrid MMC. 

2.1 Silicon Carbide (SiC) 

SiC is very hard as compared to aluminum metals. The 
density of SiC is 3.2 g/cm3, which is close to the density 

of aluminum, and it has advantages over other 

reinforcement materials, such as its thermal 

conductivity, strength, and corrosion resistance. It has 

excellent resistance to erosion and to chemical attacks in 

reducing environments [5]. The tensile and flexural 

strength of aluminum alloys can be improved by 

reinforcing them with SiC (up to 10 wt % of SiC) [6]. 

2.2 Alumina (Al2O3) 
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In order to improve the properties more, there is a need 

for a further reinforcement matrix alloy. 

Alumina (Al2O3)  are used in this work to enhance the 

mechanical properties of the composite. Al2O3 is a 

hard-ceramic material that exhibits moderate density 

(3.97 g/cm3) and a high coefficient of thermal 

expansion. Al2O3 particles also act as load-bearing 

elements in the hybrid composites [4]. 

 

IV. EFFECT OF INTRINSIC 

(MATERIAL) FACTORS 
1. Effect of Particle Size 
The deformation and fracture behavior of the composite 
revealed the importance of particle size (Friend 1987). 

A steady increase in the proportional limit, yield stress 

and the ultimate tensile stress was noted when particle 

size was reduced (Lewandowski et al. 1991). It has been 

well established, that larger particles are detrimental to 

fracture toughness due to their tendency towards 

fracture. It would be highly desirable to have a 

composite system, where the reinforcing particles have 

been relatively fine (4μm or less), so as to get the 

stiffness benefits of a composite without significantly 

lowering fracture toughness. 
 

2. Effect of Reinforcements  

The SiC reinforcement in the AMMCs has been of more 

fracture resistant when compared to A12O3 and Si. The 

SiC particles have been harder than other 

reinforcements and will provide a more effective barrier 

to subsurface shear by the motion of the adjacent steel 

counter-face (Wilson &Alpas 1996, Kassim et al. 1999) 

and this result was likely due to differences in particles 

shape (Garcia-Cord villa et al. 1996).  

 

An additional drawback of AMMCs with reinforcing 
phases, such as SiC and Al2O3 has been the tendency of 

the reinforcement to act as a second-body abrasive 

against the counter-face, increasing its wear rates (Chen, 

R et al. 1997). In addition, the reinforcement liberated as 

wear debris acts as a third-body abrasive to both 

surfaces. The two effects result in a higher wear rate for 

the system as a whole, when MMC has been used as 

compared to the monolith, while the extent of this 

problem depends on the mechanical properties of the 

counter face material (Wang, Y et al. 2001). 

 

3. Effect of Reinforcement Volume Fraction 

It has been predicted by Friend (1987) that there exists a 

critical reinforcement volume fraction above which the 

composite strength can be improved relative to that of 

the unreinforced material and below which the 

composite strength decreases, owing to thin effective 

load transfer from matrix to reinforcement in MMCs. 

For low volume fraction of reinforcement, the 

composite strength is observed to be governed by the 

residual matrix strength, which decreases with 

increasing reinforcement volume fraction. 

 

V. MATERIALS AND SAMPLE 

PREPARATION 
As mentioned earlier, the investigation focuses on 

Al2O3 and Gr particulates reinforcement on Al 6061 

and Al 7075 alloys (Al-Mg-Si) based matrix composite. 

The nominal composition of Al 6061 and Al 7075 alloys 

have been given in Tables 3.1 and 3.2, respectively. 

Aluminum matrix alloy has been preferred as it provides 

exceptional combination of strength to weight ratio and 

damage tolerance at elevated and cryogenic 
temperatures. The density measurements have all been 

set according to the ASTM standard C1270-88. 

 

VI. RESULTS 
1. Scanning Electron Microscope 

The micrographs of cast metal AA6101 and with 
composite (SiC + Al2O3) is done by scanning electron 

microscope. Figure 1 shows the set up of SEM 

instrument. Fig 1 shows the Vaccum chamber of 

Scanning Electron Microscopy 

 

 
 

Fig. 1 scanning electron microscopy.  

 

 
 

Fig.2 Vacuum chamber of Scanning Electron 

Microscopy. 
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Fig. 3 Pure SiC powder. 

 

2. Microstructure Test- Figure (2) shows the SEM 

image of pure SiC powder. Figure 3 show the the SEM 

image of pure Al2O3 powder whereas Figure 4 shows 

the SEM the SEM image of pure (SiC+ Al2O3) mixed 

powder. 

     
                           Fig.4 Pure Al2O3 powder  

 

VII. CONCLUSION 
The Experimental Study Aimed at Preparing an Aa6101 

Hybrid Metal Matrix Composite with the Non-Metallic 

Ceramic Reinforcement Materials Sic, Al2o3, Using 

The Stir-Casting technique And To Explore Its 

Mechanical Characterization. The Density Of The 
Proposed Composite Is decreased And The Mechanical 

Properties, Including Hardness, Tensile Strength, And 

Yield Strength, Were slightly Lowered Compared To 

That Of An Aa6101 Mmc Reinforced With A Single 

Ceramic Rein force men material. The Ahmmc Prepared 

With Equal Amounts Of Sic, Al2o3, (Each Of 5 Wt 

%)Possesses A Tensile Strength Of 117 Mpa, A Yield 

Strength Of 79 Mpa, And A Hardness Of 53 Bhn. 

Thepresent Study Is Confined To Observing The 

Variation Of Mechanical Properties With The 

Simultaneousincrease Of Weight Percentage Of Sic And 
Al2o3 In Equal Amounts In Two Steps (7.5% Each And 

10%Each) And Without Any Change In Fly Ash 

Content. The Following Remarks Can Be Made. 

 When The Sic And Al2o3 Content Of Each Increased 

From 5% To 7.5%, The Tensile Strength Of The 

Composite Increased By 8.2%, The Yield Strength 

Increased By 36.48%, And The Hardness Increased By 

20%. 

 The Increase Of Sic And Al2o3 Content From 5% To 

10% Leads To An Increase Of Tensile Strength And 

yield Strength Of The Composite By 10.4% And 25%, 

Respectively. However, The Hardness Of The 
composite Decreased By 16%. 

 On Comparison With The Base Metal Al6101, The 

Proposed Composite Exhibits A Good Improvementin 

Tensile Strength, Yield Strength, And Hardness. 

However, No Significant Change Is Observed In impact 

Strength. 
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