
Tribological Behaviour of AA 7075 Hybrid 

Composite using Stir Casting Method 

 
Basithrahman A. 

PG Scholars 

Department of Aeronautical Engineering, 

Nehru Institute of Engineering and Technology 

Coimbatore, Tamil Nadu. 

  

S. Abirami 
PG Scholars 

Department of Aeronautical Engineering, 

Nehru Institute of Engineering and Technology 

Coimbatore, Tamil Nadu. 

 Abstract—This work deals with the effect of hard ceramic 

particles on Tribological properties of AA 7075 Hybrid metal 

matrix composites. The liquid stir casting method has been 

used for preparing Hybrid metal matrix composites. AA 7075 

used as base material and Al2O3, B4C and TiO2 used as 

reinforcement materials. Different weight percentages of 

reinforcement were used for three different compositions of 

composites. The dry sliding wear tests were done on pin-on disk 

apparatus by varying the applying load. The wear rate and 

coefficient of friction was recorded by computer. The 

Microstructural study was done by using Scanning Electron 

Microscope (SEM). From the experimentation, the wear 

resistances of hybrid composites were increased by increasing 

the weight percentage of Al2O3 with B4C and TiO2. From 

microstructure studies the stir casting method distributes the 

ceramic particles uniformly through the aluminium alloy.  

 

Keywords— Aluminium Alloy, Hybrid Metal Matrix Composites, 

Tribological Properties, SEM. 

I. INTRODUCTION 

Composite in recent times, there has been a great 

upsurge in using composite materials for various 

applications, especially in aerospace, defence, automotive 

industry, due to their enhanced properties [1-2]. Aluminium 

alloys are an important vital engineering material for 

mechanical applications due to its low density, high specific 

strength, high thermal conductivity and improved 

machinability combined with significant weight savings [3-

4]. The wear resistance, creep performance can be improved 

in aluminium metal matrix composites by the incorporation 

of hard reinforcements [5]. The wear and the width of the 

scratches decrease with increase in volume fraction of the 

reinforcements whereas the micro-hardness of the AA 6061 

hybrid composites decreases respectively [6]. The wear 

resistance increases with the addition of fly ash in AA6061 

alloys & 15 % weight fraction of fly ash/AA6061 shows 

minimum wear condition which was prepared by stir casting 

method [7]. The addition of copper with 4% of Mg in 

aluminium alloy decreases the torque and thrust force but 

increases the surface roughness [8]. The harder SiC & B4C 

particles improved the wear resistance and decrease the 

friction co-efficient AA7075 compared with the other 

reinforced alloy [9]. A decrease in wear rate is observed in 

Al/Al2O3 composite by incorporating carbon fibres in 

Al/Al2O3 composite [10]. Better dry abrasive wear resistance 

is achieved when Al reinforced with SiC & MWCNT [11]. 

The tribological behaviour of HMMC is greater than the 

pure matrix material and the wear rate can be controlled by 

the MMC formed on the worn surfaces of the composite 

[12]. The hardness and density decreases linearly with 

increasing the aluminium alloy content. The four –points 

bending strength and the fracture toughness of the composite 

also increases [13]. The tensile properties, electrical 

resistivity and hardness of the AA7075 aluminium alloy are 

improved by Pre-aging at various retrogression temperatures 

[14]. 

 

However, previously no results were reported for 

improvement of tribological properties by the addition of 

Al2O3, TiO2 and B4C particles on the aluminium alloy 7075-

T6 using stir casting method. The objective of the present 

investigation is to show the result of tribological behaviour 

of AA 7075 hybrid composites by varying the weight 

percentage of Aluminium oxide. 

  

II. EXPERIMENTAL PROCEDURE 
 

A. Material composition 

In this work, Aluminium alloy 7075 used as base matrix 

material is reinforced with a mixture of three types of 

particulates namely aluminium oxide, boron carbide and 

titanium oxide along with magnesium 1 % as binding 

element. Aluminium oxide weight percentage was varied (3-

9%) and Boron carbide, Titanium Oxide weight percentage 

was fixed (5%). 
 

TABLE.I. Chemical composition of AA 7075 

Element Al Si Fe Cu Ti 

Wt. % 90.8 0.219 0.219 1.582 0.053 

Element Mg Cr Ni Zn Mn 

Wt. % 2.306 0.205 0.037 5.403 0.071 
 

B. Preparation of composites 

Liquid stir casting method was used for preparing 

the aluminium hybrid metal matrix composites by adding 

hard ceramic particles. In this work 750g of AA7075 with 

varying weight percentage of Al2O3 (3-9 %) and a constant 

weight percentage of TiO2 (5%) & B4C (5%) was used. The 

1% of Mg alloy was added to attain the good binding and 

wettability of matrix and particulates. 

 

High temperature electric furnace was used to melt the 

AA 7075 for one hour at the temperature range of 750-

850oC. The preheating furnace used to preheat the hard 

ceramic particles in the temperature of 330oC. Three 

different compositions of HMMC were prepared 
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individually by adding different weight percentage of hard 

ceramic particles into the matrix alloy. The mild steel stirrer 

was used to stir the molten alloy by using electric motor at 

the RPM rate of 550. During vortex formation of the molten 

alloy the preheated particles are added in the constant feed 

rate of 1.2-1.4 g/sec. The melt was then solidified in the 

preheated cast iron mould in atmospheric air. The 7075 

hybrid metal matrix composites, containing different weight 

percentage of reinforcement particle were produced. Cast 

and composite were heat treated in to T6 condition. After 

heat treatment process the casting materials are machined to 

testing for required dimensions. 
 

TABLE.II Composition code of Hybrid composites 
 

Compositions Code 

AA7075-3%Al2O3-5%TiO2-5%B4C C-1 

AA7075-6%Al2O3-5%TiO2-5%B4C C-2 

AA7075-9%Al2O3-5%TiO2-5%B4C C-3 

 
 

III. TESTING METHODS 

A. Wear Test 

The samples for dry sliding wear test were prepared 

as per ASTM G99 standard. The wear specimen size of 10 

mm diameter and height of 20 mm was machined from cast 

samples and then polished by using different size of emery 

paper for smooth surface.  Dry sliding wear experiments 

were conducted using a computer aided pin-on-disc wear 

testing machine with the load ranging from 1.5 kg to 4.5 kg 

at constant sliding speed of 400 rpm. The wear tests were 

conducted at room temperature. During wear testing, weight 

loss experienced by the specimen was measured before and 

after testing in microns. 
 

 

B. Coefficient of friction 

The samples of hybrid composite were used to 

coefficient of friction test. The coefficient of friction is 

calculated by using computer. The frictional force between 

the sample and counter disk are measured in pin-on-disk 

apparatus and then showed in graph. 
 

IV. RESULT AND DISCUSSION 

A. Micro structural study 

The micrographs are captured by using scanning 

electron microscope. The microstructure of composites at 

500µm, 1000 µm and 2000 µm magnification were captured. 

The distribution of Al2O3 with 3, 6, 9 Wt. % and 5 Wt. 

%TiO2&B4C are fairly uniform throughout the matrix. This 

reveals the uniform distribution of Al2O3, TiO2&B4C 

particles and low agglomeration and segregation of particles, 

and porosity. The figure shows the third composition of 

hybrid metal matrix composites. 

 
 

Fig.1. SEM at 500µm - sample 3 

 

 
 

Fig.2. SEM at 1000 µm – sample 3      

 

 
 

Fig.3. SEM at 2000 µm – sample 3 
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B. Wear result 

The wear resistance of  AA7075 - 3 Wt. % of Al2O3 - 5 

Wt. % of TiO2& B4C particle content composite was lower 

with compared to AA7075 - 9 Wt. % of Al2O3 - 5 Wt. % of 

TiO2&B4C particle content composite. From the graph it 

shows that AA7075 - 9% Al2O3 - 5% B4C - 5% TiO2 have 

the highest wear resistance at maximum load conditions of 

4.5 Kgf. The wear resistance of the hybrid composite was 

increased with increase in weight percentage of alumina& 

constant weight % of boron carbide & titanium oxide. 
 

 
 

Fig.4. Wear resistance of the hybrid composites for different loads 

 

C. Coefficient of friction 

The coefficient of friction of AA7075-Al2O3-B4C-TiO2 

hybrid composites of different composition is shown in 

figure. The coefficient of friction increases with increasing 

applied load from 1.5Kg to 4.5Kg due to the frictional force 

between the pin and counter face surface is increased. 

 

 
 

Fig.5. Coefficient of friction of the hybrid composites for different loads 

 

From the figure it is shown that the 6 wt. % of 

Al2O3/5%of B4C/5% of TiO2 hybrid composites have less 

coefficient of friction values compared to other composition. 

V. CONCLUSION 

1. Three different percentages of ceramic 

reinforcements namely Al2O3/ B4C/ TiO2 reinforced 

aluminium alloy 7075 composite have been successfully 

prepared by stir-casting process. 

2. The wear resistance gets increases by increasing the 

weight percentage of Al2O3 (3%, 6%, 9%), B4C (5%) & 

TiO2 (5%).The wear rate gets decreases by increasing the 

reinforcements.The microphotograph taken by SEM reveals 

the uniformity of the microstructure of the ceramic particles. 

3. From these results, the tribological applications are 

achieved by AA7075/ 9 wt. % of Al2O3 /5 Wt % of 

TiO2&B4C composite. 
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