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Abstract— Aluminum have excellent cast ability properties 

and widely used for various mechanical application but has 

some limitation of pure aluminum alloys due to lower 

strength, stiffness and wear resistance. This limitation can be 

improved by producing hybrid metal matrix aluminum 

composites with addition of reinforcement particle. This 

paper deals with an attempt to study the mechanical behavior 

of aluminum hybrid metal matrix composite. The Aluminum 

7075 Metal Matrix Composite (MMC) is reinforced (5, 10, 

15 Vol. %) with equal amount of Boron Carbide (B4C) and 

Titanium Carbide (TiC), fabricated by using stir casting 

method. The specimens will be prepared for testing process, 

to examine the density, porosity, microstructure, micro 

hardness and tensile strength for the developed Al 7075 

hybrid metal matrix composite. 
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I. INTRODUCTION 

Recently hybrid composites are more popular and cover more 

than one material property.  Attempts were made to explore 

the possible use of composites having hard soft 

reinforcements in several technological applications. 

Aluminum alloy 7075, a cold finished aluminum wrought 

product, has the highest strength of all aluminum screw 

machine alloys. Because of its extremely high strength, this 

alloy is used for highly stressed structural parts including 

aircraft fittings, gears and shafts and various other 

commercial aircraft, aerospace and transportation equipment. 

This project deals with the selection of better material for the 

process of more hardness, tensile in that Aluminium hybrid 

composite are produced by A1 7075 as matrix material and 

silicon carbide/Zirconium as reinforcement in different 

composition. Different sample are produced by using stir 

casting methods. Various tests have been conducted to 

evaluate the different properties of Aluminium composites 

and they are compared with commercial Aluminium alloy. 

II. METAL MATRIX COMPOSITE 

Metallic Matrices are essential constituents for fabrication of 

metal-matrix composites (MMCs). The choice of matrix 

material depends mainly on the temperature, density, strength 

and cost requirements for the intended applications. The 

maximum mechanical property advantages MMCs of ten 

provide due to the presence of reinforcement are increased 

modulus, strength, and fatigue strength. However, the 

ductility and fracture toughness of MMCs are known to be 

inferior to those of the unreinforced matrix alloys, because 

the ductility and toughness of most ceramic reinforcements 

are very low. These properties are very important for any 

load-bearing structural applications. Therefore, it is Apparent 

that the matrix alloys having higher ductility and fracture 

toughness are desirable for MMC applications .Pure metal is 

usually not considered as a matrix material for MMCs, 

because the properties of pure metals are not attractive. 

III. REINFORCEMENT 

Reinforcements for metal matrix composites have a manifold 

demand profile, which is determined by production and 

processing and by the matrix system of the Composite 

material. The following demands are generally applicable 

low density, mechanical compatibility (a thermal expansion 

coefficient which is low but adapted to the matrix), chemical 

compatibility thermal stability, high Young’s modulus, high 

compression and tensile strength. 

IV. MATERIALS 

A. ALUMINIUM 7075(Al 7075)  

Al7075 alloy is chosen as matrix material owing to its wide 

application in many engineering sectors including automotive 

and aerospace sectors. Further, this alloy exhibits good 

strength and formability.7075 (UNS A97075) is an aerospace 

aluminum bar with cold finished or extruded aluminum 

wrought alloy with high strength, adequate machinability and 

improved stress corrosion control. Fine grain control results 

in good tool wear.7075 is one of the highest strength 

aluminum alloys. It has good fatigue strength and average 

machinability. 

B. Chemical Composition of ALUMINIUM 7075 

ALLOY Zn Mg Cu Cr Ti B 

1 5.79 2.38 1.43 0.16 0.03 0.0015 

2 5.68 2.36 1.44 0.17 0.13 0.0141 

3 5.42 2.23 1.34 0.16 0.29 0.0417 

Minimum 

specification 
5.10 2.10 1.20 0.18 _ _ 

Maximum 

specification 
6.10 2.90 2.00 0.28 0.20 0.0500 

V. SILICON CARBIDE 

Silicon Carbide is the only chemical compound of carbon and 

silicon. It was originally produced by a high temperature 

electro-chemical reaction of sand and carbon. Silicon carbide 

is an excellent abrasive and has been produced and made into 

grinding wheels and other abrasive products for over one 

hundred years. Today the material has been developed into a 

high quality technical grade ceramic with very good 

mechanical properties. It is used in abrasives, refractories, 

ceramics, and numerous high-performance applications. The 

material can also be made an electrical conductor and has 

applications in resistance heating, flame igniters and 

electronic components. Structural and wear applications are 

constantly developing. 
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VI. ZIRCONIUM 

Zirconium powder is a gray metal powder, Divided into 

nuclear grade zirconium powder, industrial grade zirconium 

powder and firearms grade zirconium powder. It is mainly 

used in nuclear power plant, nuclear-powered aircraft carrier 

structure material and uranium fuel rod cladding material of 

nuclear reactor in a nuclear submarine also be used as nuclear 

reactor core structure material, positioning framework, plug, 

moderator, etc. It is a kind of important strategic metal. 

VII. HYBRID COMPOSITES COMPOSITIONS 

Aluminium7075 reinforced with zirconium and Silicon 

carbide with varies reinforcement percentages. Aluminium 

7075 is base materials of composite Adding zirconium with 

varying reinforcement and 2% of Silicon carbide is constant 

with varying zirconium 2%, 4%, and 6 %percentage. 

Specimen Composition 

C1 Al7075 + 2% of SIC + 2% of Zr 

C2 Al7075 + 2% of SIC+ 4% of Zr 

C3 Al7075 + 2% of SIC+ 6% of Zr 

 Stir castings is choosen for fabricating Al 7075 base 

Hybrid composite 

VIII. STIR CASTING METHOD 

The electric furnace carries a crucible of capacity750g. The 

maximum operating temperature of the furnace is 950ºC. The 

current rating of furnaceis single phase 230V AC, 50Hz. The 

aluminium alloy (AA7075) is made in the form of fine scraps 

using shaping machine. It amounts to about 750 g. The metal 

scraps are poured into the furnace and heated to a temperature 

just above its liquids temperature to make it in the form of 

semi liquid state (around 700ºC). The mixing of aluminium 

alloy is done manually for uniformity. Thus the completely 

melted aluminium metal matrix composite is poured into the 

permanent mould. Casting was developed in circular metal 

mould having of diameter of 30 mm and length of 300 mm. 

 Then the reinforcement powder that is preheated to 

a temperature of 400°C is added to semi liquid aluminium 

alloy in the furnace. Again reheating of the aluminum matrix 

composite is done until it reaches complete liquid state. 

Meanwhile argon gas is introduced into the furnace through 

a provision in it for few minutes. During this reheating 

process stirring is done by means of a mechanical stirrer 

which rotates at a speed of 240 rpm. The aluminium 

composite material reaches completely liquid state at the 

temperature of about 800°C as the melting point of 

aluminium is 740ºC. Thus the completely melted aluminium 

metal matrix composite is poured into the permanent mould. 

 There are 4 castings is fabricated in stir castings 

process .one is aluminium 7075 there is no reinforcement 

material is added in first castings .second one is aluminum 

7075 added for the 2% of zirconium and 2% if Silicon carbide 

.third one is aluminium 7075 added reinforced material is 4% 

zirconium and 2% Silicon carbide. Fourth is aluminium 7075 

added reinforced material is 6%zirconium and 2% Silicon 

carbide. 

Specimen Composition 

C1 Al7075 + 2% of SIC + 2% of Zr 

C2 Al7075 + 2% of SIC+ 4% of Zr 

C3 Al7075 + 2% of SIC+ 6% of Zr 

IX. TESTING 

The following tests are done for finding out the mechanical 

property 

 MICRO HARDNESS 

 DOUBLE SHEAR TEST 

 IMPACT STRENGTH TEST 

 COMPRESSION 

X. MICRO HARDNESS TEST RESULTS 

COMPOSITION HARDNESS(BHN) 

Al 7075 + 2%Sic + 2% Zr (C1) 77.1 

Al 7075 + 2%Sic + 4% Zr (C2) 74.4 

Al 7075 + 2%Sic + 6% Zr (C3) 69.7 

A. Double Shear Test 

COMPOSITION 
SHEAR 

VALUES(RHN) 

Al 7075 + 2%SIC + 2% Zr 

(C1) 
28.616 

Al 7075 + 2%SIC + 4% Zr 

(C2) 
45.685 

Al 7075 + 2%SIC + 6% Zr 

(C3) 
43.213 

B. Impact Strength Test 

COMPOSITION 
IMPACT STRENGTH 

(J) 

Al 7075 + 2%SIC + 2% Zr 

(C1) 
3.68 

Al 7075 + 2%SIC + 4% Zr 

(C2) 
3.55 

Al 7075 + 2%SIC + 6% Zr 

(C3) 
3.60 

C. Compression Test 

TEST SAMPLE COMPRESSIVE STRENTH(N/mm2) 

C1 259.072 

C2 268.372 

C3 481.102 

XI. CONCLUSION 

Aluminium based hybrid metal matrix composites have been 

successfully fabricated by melt stir method by three step 

addition of reinforcement combined with preheating of 

particulates. Based on the experimental results, the following 

conclusions were drawn. From the study, it can be concluded 

that an increase in the percentage of zirconium &Silicon 

carbide reinforcements in aluminium alloy increases the 

hardness. The hardness of as cast Al7075-6%Zr+2%SIC 

MMCs is increased by and 9 % when compared with Al7075 

base alloy. The impact strength of as castAl7075-

6%Zr+2%SIC MMCs was respectively. This shows an 

improvement of 49% when compared with Al7075 base 

alloy. The ultimate tensile strength of as-cast Al7075 base 

alloy, Al7075- 6%Zr+2%SIC MMCs was  respectively. This 

shows an improvement of 32% when compared with as-cast 

Al7075 base alloy. From the investigation it was concluded 
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that, composites containing 6wt% Zirconium and 2wt% 

Silicon carbide reinforcements exhibited superior mechanical 

properties. 
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