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Abstract 
 
Aluminium metal matrix composites are widely used in various fields of 

industrial applications because of their greater material properties. Due to the 

high strength to low weight proportion, Al7075 is extensively used in aircraft 

engine and wings. For increasing the applications of Al7075 the properties to 
be enhanced by adding reinforcements the properties accomplished like 

higher hardness, good tribological performance and excellent high 

temperature corrosion resistance. The various reinforcement materials like 
nickel, titanium and silicon carbide with Aluminium 7075 matrix. The 

workpieces were fabricated via a squeeze casting technique in the form of a 

cylindrical rod. Each workpiece has a different proportion of reinforcements 

and then tested under various testing methods and the results are optimized 
as a part of the material testing. This work is focused to evaluate the 

mechanical and tribological performance of SiC/NiTi reinforced sustainable 

hybrid Al7075 composites. 
  

Key words: Aluminium 7075; Squeeze casting; Wear; Mechanical 

Properties, Corrosion. 

 

 
 
 

 

 

Journal of Green Engineering, Vol. 10_9, 5232–5241. 
© 2020 Alpha Publishers. All rights reserved 

file:///C:/Users/-NEWDREAM-/Downloads/lakshmanan@ritrjpm.ac.in


                                                                                                                  
 

 
 
 
 
 
5233 M Lakshmanan et.al 

 

1 Introduction 
 

The usage for lightweight material and its attractive characteristics are 

increasing continuously to attain the requirements of aerospace, automobile 
and naval industry, etc., through the technological developments in metal 

matrix composites the stiffness, specific strength and various properties of 

the composites can be improved. Among different materials, aluminium 

plays a major role because of its less density and thermal characteristics. 
Aluminium7075 alloy has widespread applications in the various domains 

such as nuclear power plant, aerospace and naval industries. It has several 

advantages like lightweight, high strength and superior corrosion resistance 
properties. However, it suffers from poor wear resistance during dynamic 

loading conditions and the Al2O3 passive film becomes unstable once the 

surface gets delaminated with scars and pockmarks. Therefore, considering 

this bottleneck, reinforcement materials like SiC (Silicon carbide), Ni 
(Nickel), Ti (Titanium) can be intentionally as a reinforcement material to 

trigger heterogeneous nucleation for achieving better mechanical, corrosion 

and wear resistant properties [1,2]. The fabrication method for the hybrid 
composites is the squeeze casting method. Mainly the stir squeeze technique 

improved the quality of casting for reducing voids also homogeneous 

distribution of reinforcements with matrix material.   
In previous studies mainly focused on the combination of SiC reinforced 

with aluminium metal matrix composites with different proportions and its 

mechanical, tribological properties and machinability have been studied. The 

high strength in a lightweight, superior tribological performance and high 
temperature corrosion resistance metal matrix composites are concentrated 

due to the necessity of engineering applications [3]. Aluminium based 

composites have been fabricated by different manufacturing processes but 
stir casting technique is a very simple and easiest way when compared to all 

other techniques [4]. Runxia Li and et al revealed that the squeeze casting 

process widely helps to improve the Al-xSi microstructure. By increasing 
pressure in squeeze casting the coarse grains have been changed in fine 

grains and it has helped to product the crack propagation in the matrix 

material [5]. 

 
2 Fabrication Methodology 
 

The chemical composition of base material (Al7075) consist of 5.6% of 

zinc, 2.1% of magnesium, 1.2% of copper, 0.18% of chromium, 87.15 of 

base metal. The reinforcement powders of nickel, titanium and silicon 
carbide are having the size in average diameter of 45μm. The proportions of 

matrix metal with reinforcements are as follows: 
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                                                    95% of Al + 5% of NiTi + 0% of SiC 

94% of Al + 5% of NiTi + 1% of SiC 

93% of Al + 5% of NiTi + 2% of SiC 
92% of Al + 5% of NiTi + 3% of SiC 

In this work, the HSS steel die is used to prepare the samples with a 

height of 150mm and a diameter of 100mm. The sliced matrix metal is 

placed in an electric furnace with 300˚C initial temperature. Simultaneously 
the reinforcements also preheated in crucible furnace to get better wettability 

with matrix metal. Once matrix metal reached melting temperate the 

reinforcements have been added and stirred by mechanical stirrer. The 
reinforcements are homogeneously distributed with matrix metal by proper 

stirring [6]. The slag and unwanted materials have been deposited on the top 

of the molten metal by density variation and it has been removed by proper 
tooling. Then the molten metal was poured into the squeeze die which has 

preheated at 750˚C and hydraulic ram is used to apply the pressure at 

400Mpa. After the solidification, the sample can be ejected from die for 

further testing. By applying pressure to the molten metal, the internal voids 
and porosity can be avoided and also grains are strengthened in 

microstructure level. Similarly, all the proportions of composites were made. 

Through this way matrix material and reinforcements are successfully 
fabricated via squeeze casting method [7].  

      The processes of the squeeze casting are as follows, 

Step 1: The aluminium is melted in the crucible furnace at 660° C. At the 

same time, reinforcement materials are preheated to a temperature of 500°C. 
Step 2: The molten aluminium and reinforcement materials are stirred at 

the speed of 450 rpm at 10min. 

Step 3: The molten metal is poured into the mold cavity. 
Step 4: The molten metal is pressed with the hydraulic Punch at 400Mpa. 

Step 5: The casted piece is removed from the mold cavity by using the 

ejector. 

 
3 Testing 
 

The Fabricated workpieces were tested by using various testing methods. 

The various testing carried out on the fabricated workpieces were Scanning 

Electron Microscope analysis, Micro hardness and wear resistance. 
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3.1 Morphological Test  
 

The distributions of reinforcements like Ni, Ti and SiC in matrix material 

were observed by scanning electron microscope with suitable magnification. 
The tested specimens having the dimensions of 10 mm × 10 mm ×10 mm 

and it was polished like a mirror finishing surface. The specimens were 

dipped in the chemical solution for getting a clear image in the microscope 
test [8].  

Figure1represents the surface of specimen with low porosities and good 

bonding to reinforcements and the matrix and also the EDX figures 2,3,4,5 

and 6 represent the uniform distribution of elements like carbon, titanium, 
nickel, silicon with matrix material [9]. Due to the proper distribution of 

particles the strength of the specimen can be improved and equal in all the 

places [10].  

                                       

Figure 1 SEM Image of Composite               Figure 2 EDX image of Carbon 

                                                             
                               Figure 3 EDX image of Al7075                       Figure 4 EDX image of Titanium 
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                        Figure 5 EDX image of Nickel                       Figure 6 EDX image of Silicon 

  

3.2 Micro Hardness Test  

 

Figure 7 represents the results of micro hardness for various composition 

specimens. Normally the testing was conducted on the specimen by three 
times in various places and the average of values can be taken [11]. The 

result shows the addition of reinforcements the hardness of the specimens 

will be increased like 200HV to 232HV. By using a squeeze casting 

technique the porosity and internal voids have been arrested and the addition 
of multiple reinforcements also influenced to reduce the porosity in 

fabricated material [12]. The addition titanium particle has improved the 

wettability of the casting process and it can be deposited and filled the gap 
between the grains for getting higher hardness. The many researchers 

concentrated the hardness of aluminium based metal matrix composites 

reinforced with ceramic particles which improved the results by adding 

reinforcement wt% [13]. 
The following is the comparative chart created with the aid of micro 

hardness result of pure aluminium 7075 and the aluminium composite with 

different proportion of reinforcements. 
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Fig. 7: Micro Hardness Test result 

 

3.3 Wear Test 
 

Generally the ceramic reinforced with aluminium composites wear 
resistance is improved and also the addition of metallic and ceramic 

reinforcements with aluminium composites improved further to have 

superior wear resistance property [14]. In this research, the wear properties 

evaluated by pin on disc setup in dry condition. The fine grain structure and 
oxide layers product the contact surfaces from wear and absence of layers the 

bonding strength of hybrid reinforcements can be occupied the surface from 

delamination [15]. The wear rate and coefficient of friction were evaluated 
by applying 30N load, sliding speed of 3.3m/sec in all the fabricated 

composites [16].  

The following graphs shown in Fig 8 and 9 represent the wear rate 
obtained from pure Al7075 is 0.035mm

3
/min to maximum addition (3%) of 

reinforcement Al7075 is 0.016mm
3
/min. The friction coefficient also reduced 

from 0.51 to 0.16 which indicates the reinforcements influenced more in 

matrix metal through getting good tribological performance. 
 

 
Fig. 8: Wear Rate result 
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Fig. 9: Coefficient of Friction Result 

 

  4 Results and Discussions 
 

By analyzing the result attained from the morphological study through 

microscope analysis result, the voids in the Aluminium 7075 are greatly 

reduced after the reinforcement of Aluminium with Silicon carbide and 
Nickel Titanium. Hence the strength of the Aluminium 7075 is greatly 

increased.By comparing the result obtained from the micro-hardness test, the 

micro-hardness value of the Reinforced Aluminium 7075 is greater than that 

of the Aluminium 7075 before Reinforcement. Hence the hardness of the 
Aluminium 7075 is increased by 17.5% after reinforcing it with Silicon 

carbide (SiC) and Nitinol (NiTi). 

By comparing the result obtained from the Wear test, the wear rate of 
Aluminium 7075 is reduced after the Reinforcement. Hence the life span of 

Aluminium 7075 material is increased after Reinforcing it with Silicon 

carbide (SiC) and Nitinol (NiTi). 

 

5 Conclusion 
 

Hence the Fabrication of Aluminium 7075 composite was done by 

mixing the nickel, titanium and the silicon carbide powder at various 

composition and then fabricating the work piece by Squeeze casting 

Technique. During casting the parameters such as Preheat temperature, 
Casting Temperature, Applied pressure is maintained at required condition. 

Mechanical properties of Aluminium 7075 composite were analyzed. SEM 

Result with EDX is taken and the grain structure was analyzed. By 
comparing the four composites, we conclude that the composite material is 

best for working under the various applications. 
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