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ABSTRACT 
Aluminium matrix and non-metallic reinforcements finds applications in the field of automotive, aerospace and defense  fields 

due to their high strength-to-weight ratio, high stiffness, hardness, wear- resistance, high- temperature resistance, etc. Composite 

materials are often selected for structural applications for the reason that they have most desirable combinations of mechanical 

behaviors. The important area of research in Material Science is the development of hybrid metal matrix composites. The present 

study deals with the Aluminium alloy reinforced with 3,5,7,9% Wt. of Al2O3 and 2% Wt. of Zircon to prepare the hybrid 

composite. The study evaluates the physical properties of aluminium 7075 in the presence of aluminium oxide  and  zircon  

combinations.  The mechanical behaviors of hybrid matrix composite  such  as  tensile  strength  and hardness test are investigated 

and the result shows the increase in mechanical properties like hardness, tensile strength and flexural strength of zircon and 

Al2O3 reinforcements compared to Al7075 alloy. 
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INTRODUCTION 
 

Hybrid metal matrix composites (HMMCs) have been developed to respond to the demand for materials 
with high specific strength, stiffness, and wear-resistance. Aluminium is preferred as a matrix material in 
MMCs because of its low density, easy fabricability and good engineering properties. Senthilvelan et al [1] 
have used B4C, SiC and Al2O3 as reinforcement particles to fabricate   three different a l u m i n i u m  metal 
matrix composites using stir-casting method followed by hot rolling for uniform dispersion of reinforcement 
particles.  The comparative study showed that Al/B4C formed strong interface and produced good mechanical 
properties whereas Al/SiC gave lowest results due to weak interface and porosity. Veeresh kumar  et al  [2]  
have  prepared  Al  6061-SiC and Al 7075-Al2O3 composites using liquid metallurgy technique. The 
specimens were subjected to density, hardness, mechanical, tribological tests and microstructural studies. It 
was observed that the reinforcements improved the densities of the composites and their d i s p e r s i o n   is  
uniform  in  the  matrix system.  Al  6061-SiC  composites  have exhibited better mechanical and tribological 
properties. Ezatpour et al [3] have prepared aluminium metal matrix composites using a new method of 
injecting reinforcement Al2O3 particles into the melt by inert gas and then stirring. It was found that with 
increasing mass of fraction of Al2O3 and stirring speed, the porosity increased. The extrusion process was 
found to produce higher hardness, higher yield and ultimate tensile strengths and lower porosity due to 
improvement in interface bonding, uniform distribution and grain refining. Muhammad Hayat Jokhio et al [4] 
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have developed aluminium metal matrix composites (AMMC) reinforced with Al2O3 particles through foundry 
casting method  and investigated  the  effects  of Cu-Zn-Mg which are  normally  present  in  the  7xxx  Al  
alloy series on the mechanical properties of the composites. It was found that Al2O3  increases strength and 
the percentage of elongation is increased  due  to  the  presence  of  metals. Further observations revealed 
that increase in Al2O3 increases porosity and optimum combination of Cu-Zn-Mg improves mechanical  
properties  of  the  AMMCs. Altinkok et al [5] have studied the tensile behavior and microstructure of 
Al2O3/SiCp reinforced aluminum-based MMCs Produced by the stir-casting method and shown that density 
and porosity changed depending on reinforcement size. Ajit Senapati et al [6] have reviewed research  papers 
on  the properties of Al-Si alloy based MMCs with different reinforcements like SiCp,Al5TilB,B4C,Quartz,Fly 
ash and AlN. These reinforcements have produced changes in properties like wear, tensile strength, hardness 
along with other properties. Vijaya Ramnath et al [7] in their review on aluminum metal  matrix  composites  
have  discussed various reinforcement materials for aluminum matrix and their effects on the mechanical 
properties. Cun-Zhu Nie et al [8] have produced   boron carbide reinforced 2024 aluminum matrix composites 
by mechanical alloying in which process control agent like stearic acid (CH3 (CH2) 16CO2H) is added to 
improve the mechanical properties of the composites. Shorowordi et al [9] have studied the microstructure and 
interface characteristics of B4C,SiC and Al2O3 reinforced Al matrix composites. B4C reinforcement was found 
to produce better results. Deshmanya et al [10] have investigated the effect of forging on micro-hardness of 
Al7075 based Al2O3 composites produced by stir-casting   and presented the conditions under which 
maximum hardness can be achieved in the aluminum composites.  Aluminum metal matrix composites are 
produced by different methods with different reinforcement materials to achieve improved mechanical 
properties. 

 
MATERIALS AND METHODS 

 
Materials: 

 The material used for tests in the present study consists of Al 7075 alloy as the base matrix. Aluminium 
7075 alloys have strong corrosion resistance and high strength. 

At subzero temperatures, their strength increases, thus making them a useful low- temperature alloy. Their 
strength decreases if they are subjected to very high temperatures. The c h e m i c a l  c o m p o s i t i o n  o f  
A l   7075  in weight percentage is Cr =0.23, Cu = 1.6, Mg =2.5, Zn = 5.6, Fe = 0.23, Mn = 0.25, Si = 0.30, Ti 
= 0.16 and balance as Al. The aluminium matrix reinforced with aluminium oxide and silicon carbide is used in 
this research. The aluminium oxide commonly referred to as alumina possess strong ionic inter atomic bonding 
giving rise to its desirable material characteristics. Silicon Carbide is the only chemical compound of silicon 
and carbon. Zircon is composed of tetrahedral arrangement of carbon atoms with strong bonds in the crystal 
lattice. 
 
In Stir-Casting Process: 

Discontinuous reinforcement is stirred into molten metal, which is allowed to solidify all its content. The 
melt can be cast directly or processed with alternative procedures such as stir casting method. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stir-Casting is a liquid state method of composite materials fabrication, in which a dispersed Phase 

(ceramic  particles,  short fibres) is mixed with a molten matrix metal by means of mechanical stirring. The 
liquid composite material is then cast by conventional casting methods and may also be processed by 
conventional metal forming technologies. For the casting process, 18 centimeter crucible and 9 centimeter 
crucible were used. The 9 centimeter crucible was used to preheat the reinforcement material such as 
aluminium oxide and zircon and the 18 centimeter crucible used to melt  aluminium 7075. Aluminium 7075 
was preheated at 400-600°C and then put into the 18 centimeter crucible and kept into the casting chamber. 
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Then the temperature was increased gradually and when the temperature attained 650°C, aluminium 7075 
started to melt.  The process continued till aluminium 7075 attained liquid stage. At this stage, the preheated 
reinforcements were put into the casting furnace and mixed with the help of stirrer run by a motor at 100-1800 
rpm. The molten materials were poured into the mould of size 100x100x10 mm. The composition of the 
composite   samples   produced   is   given   in table- 1. 
 
Table 1: Composition of composite test samples 

Sample 

No 

 

Composition Hardness 

No(VHN) 
 

1 Al7075 alloy+2% of 

Zircon+3%  Al2O3 

 

84 

 

2 Al7075 alloy+2% of 
 

99 
 

3 Al7075 alloy+2% of 

Zircon +7%  Al2O3 

 

91 

 

4 Al7075 alloy+2% of 

Zircon +9%  Al2O3 

 

110 

 
RESULTS AND DISCUSSIONS 

 
Hardness Tests: 

The samples were tested in Vickers hardness test. Micro Vickers hardness testing machine with 
minimum 3kgf and maximum 15 kgf loads with 1/16” ball indenter and 2 seconds dwell time was used to take 
hardness values of all specimens. The composite specimens were cut into 55x15x10 mm size first and then 
trimmed to the size of 50x10x10 mm by processing in the lathe and milling machine. The hardness values 
obtained are tabulated below in table 2.The graphical representation of the values is given in figure 2. 

 
Table 2: Hardness Values of test samples 
 

 

Samples 

Al 

7075 

(%) 

 

Zircon 

(%) 

Aluminium 

Oxide 

(%) 

Sample 1 95 2 3 

Sample 2 93 2 5 

Sample 3 91 2 7 

Sample 4 89 2 9 

 
Zircon +5%  Al2O3 

 
Specimen preparation: 

Test specimens were prepared as per ASTM standards. Each specimen was of size 40mm gauge  length  
and  6mmx6mm  cross  section. The co mpos i te  samp les were  f i rs t  cu t  in to  100x30x10 mm size by 
cutting tools. Further they were trimmed to the size of 90x25x6 mm using lathe and milling machine. The 
hardness of the sample was measured by using micro Vickers hardness measuring machine. To minimize the 
error, three readings were taken for each sample and the average value was calculated. The ASTM Standard for 
micro tensile test is shown in figure 1. 
 

 
Fig. 1: ASTM Standard for Micro Tensile Test 
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Fig. 2: Hardness Test Results of the Samples 
 
Tensile Strength: 

Tensile test is normally carried out for finding the ultimate tensile strength (UTS) or Tensile strength (TS) 
and % of elongation. The tests can be performed in Micro Universal Testing Machine (Micro UTM). Ultimate 
tensile strength (UTS), often shortened to tensile strength (TS) or ultimate strength, is the maximum stress that 
a material can withstand while being stretched or pulled before failing or breaking. Tensile strength is defined 
as a stress,  which  is  measured  as  force  per  unit area. Tensile strength is the opposite of compressive 
strength and the values can be quite different. The UTS is usually found by performing a tensile test and 
recording the stress versus strain, the highest point of the stress-strain   curve   is   the   UTS.   It   is   an 
intensive property; therefore its value does not depend on the size of the test specimen. However,  it  is  
dependent  on  other  factors, such as the preparation of the specimen, the presence or otherwise of surface 
defects, and the temperature of the test environment and the material. Tensile Strength values observed for  
the  test  samples  are  tabulated  below  in table 4. The graphical representation of the tensile strength values 
are shown in figure 3. The graphical representations of the % elongation values are shown in figure 4. 
 
Table 3: Tensile Strength Values of test samples 

 

Sample 
No. 

 

Composition 
Tensile 
Strength 

(MPa) 

Elongation 
% 

 

 

1 

Al7075 

alloy+2%   of 
Zircon +3% 

of  Al2O3 

 

 

301 

 

 

5.001 

 

 

2 

Al7075 

alloy+2%   of 

Zircon +5% 

of Al2O3 

 

 

372 

 

 

3.102 

 

 

3 

Al7075 
alloy+2% of Zircon  +7% of  Al2O3 

 

 

329 

 

 

3.878 
 

 

4 

Al7075 

alloy+2% of Zircon  +9% of Al2O3 

 

 

401 

 

 

2.687 
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Fig. 3: Tensile Strength values of the samples 
 

 
 

Fig. 4: % Elongation values of the samples 
 

Flexural strength: 
Flexural strength is a mechanical parameter for brittle material, is defined as a material's ability to resist 

deformation under load. The transverse bending test is most frequently employed, in which a specimen having 
either a circular or rectangular cross- section is bent until fracture or yielding using a three   point   flexural   
test technique. The flexural strength represents the highest stress experienced within the material at its moment 
of rupture. The flexural strength would be the same as the tensile s t r e n g t h  if t h e  m a t e r i a l  were 
homogeneous. When a material is bent only the extreme fibers are at the largest stress so, if those fibers are 
free from defects, the flexural strength will be controlled by the strength of those intact fibers. 
 
Table 4: Flexural Strength Values of test samples 

 
Sample 
No. 

 
Composition 

Flexural Strength (MPa) 

 
1 

Al7075  alloy+2% 
of Zircon +3% of 
Al2O3 

 
330 

 
2 

Al7075  alloy+2% 
of Zircon +5% of 
Al2O3 

 
195 

 
3 

Al7075  alloy+2% 
of Zircon +7% of 
Al2O3 

 
198 

 
4 

Al7075  alloy+2% 
of Zircon +9% of 
Al2O3 

 
223 
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Fig. 5: Flexural strength values of the samples 
 
Conclusion: 
• Aluminium    based    Hybrid    Metal Matrix   composites   containing Zircon and Al2O3 have been 

successfully  fabricated  with different composition by stir casting method. 
• Tensile   test,   hardness   and   flexural strength  test  have  been  carried  out using the samples. 
• With   the   addition   of   Zircon a n d Al2O3 the tensile strength and hardness increases whereas the 

ductility decreases. 
• The sample containing highest percentage of Al2O3  (89% of Al7075 +2% of  Zircon  +9%  of  

Al2O3)  exhibited  high tensile strength of 401 MPa, high hardness of 
 
110  VHN  and  minimum  %  of  elongation value of 2.687% and (95% of Al7075 + 2% of Zircon +3% 

of Al2O3) exhibited high flexural strength of 330Mpa. 
 

Scope of future work: 
The Study can be extended by  the addition of other reinforcement materials with aluminium 

7075.Wear and Corrosion studies can also be carried out. 
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