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Abstract- Metal matrix composites offer designers many added benefits as they are particularly suited for applications 
requiring good strength at high temperature, good structural rigidity, dimensional stability and light weight. The trend is 
towards safe usage of the MMC parts in the automobile engines, which works particularly at high temperature and pressure 
environments. Particles reinforced MMCs has been the most popular over the last three decades. Among the MMCs ceramic 
reinforces Aluminum. MMCs have most popular families. Although incorporation of the second phase into matrix material 
can enhance the physical and mechanical properties of the base metal, it could also significantly change the wear behavior. 
This paper aims the examination on effect of reinforced particles Zirconium-di-oxide on hardness and wear of aluminum 
alloy7075 (AA7075) and its composites which is produced by stir casting method. The castings produced were machined 
and samples were fabricated by varying weight percentage of the reinforced particles as 0-8 Wt.% in the step of 2Wt.% in 
volume. SEM and microstructural studies were carried out on AA7075 and its composites. Microstructural study reveals 
uniform scattering of reinforcement in as cast and AA7075 composites. Substantial improvement in hardness and co-
efficient of friction was found with increase in Zirconium-di-oxide particles in weight percentage of compositesin both with 
and without heat treatment. Also the wear diminished with increased weight percentage of reinforcement in the composites 
in both with and without heat treatment in different quenching media. 
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I. INTRODUCTION 
 
Metal Matrix Composites are gaining wide spread 
applications in several technological fields, owing to 
the several advantages. The feasibility of the use of 
MMC’s in the above area can be explored by 
assessing the corrosion behavior of MMC’s in 
corrosive environment.   Although, it is important 
aspect to judge the suitability of MMCs as a potential 
material to combat corrosion. Metal Matrix 
Composites have many benefits such as High 
Strength to Weight ratio, High Stiffness, High 
thermal stability, Low structural weight, low density, 
Good fabricability, High wear resistance, Good 
corrosion resistance, High specific modulus, and 
High fatigue life[1,2]. A fixed volume of material is 
subjected to the many times repeated action, which 
weakens the material and leads finally to rupture. 
Though all the theories are based on different 
mechanisms of wear, the basic consideration is the 
frictional work [3]. Their results show that wear 
resistance of the composites was found to range from 
almost two to six times that of the unreinforced 
matrix alloy. [4] Rajnesh.T investigated tribological 
characterization of in-situ cast Al-TiC composites 
reinforced with different volume fraction of 
particulate against a stainless steel slider. Their 
results show that addition of reinforced particles 
increases the resistance of the composites to sliding 
wear under dry conditions, even for small volume 
fraction of particles [5]. Naher.S, Brabazon.D and 

Looney.L developed a stir caster design for the 
production of metal matrix composites and studied 
the dry sliding wear of Aluminum matrix composites 
and determined how the micro structural parameters 
such as volume fraction of particulate and particulate 
size affect the wear resistance of these materials [6]. 
The presence of reinforcement in the matrix alloy 
dictates to its volume fraction, nature and type of 
reinforcement used. 
 
2. EXPERIMENTAL DETAILS 
 
2.1. Material selection  
Aluminum alloy 7075 (AA7075), which exhibits 
excellent casting properties and reasonable strength, 
was used as the base alloy. This alloy is best suited 
for mass production of lightweight metal castings. It 
is strong, with good fatigue strength and average 
machinability, but is not weldable and has less 
resistance to corrosion than many other alloys. The 
chemical composition of AA7075 alloy used in the 
present work is given in Table. 2.1 
 

Table. 2.1 Chemical Composition of AA7075 (by 
Wt%) 
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Table. 2.2 Physical properties of AA7075 alloy 

 
 

 
Fig. 2.1 Aluminum alloy 7075 

 
Table.2.3 Mechanical Properties of AA7075 

 
 
As a reinforcement a hard Zirconium di oxide (ZrO2) 
powder is used. ZrO2is very high in hardness and low 
co-efficient of expansion which made to choose as 
reinforcement. ZrO2also has major unique properties 
includes good mechanical properties, high refractory 
and good oxygen ion conductor thermal shock 
resistance.Figure 2.2 shows the photograph of ZrO2 
powder.  

 
Fig. 2.2 ZrO2 powder 

 
2.2 Preparation of Composites 

A batch of 2 kg of Aluminum with 
reinforcement was melted using a 6KW electric 
furnace. A standard stir casting procedure was 
followed to produce castings by varying 
reinforcement from 0 to 8 wt.% in steps of 2 
wt.%.Figure 2.3 shows the photograph of Stirrer and 
castings. 

 
Fig. 2.3 Stirrer and castings 

 

2.2.1 Heat treatment of the specimens 
An electric furnace capable of heating 100C 

for every 1min is used for heat treatment of AA7075 
alloy and its composites. The soloutionising 
temperature of 5300cis maintained for a duration of 
one hour and then quenched in two different 
quenching media i.e. air and water. Figure 2.4 shows 
the photograph of the heat treatment furnace. 

 
Fig. 2.4 Wear specimens and Electric furnace 

2.3 Micro structural analysis 
The microstructure samples of un-heat treated 
samples were grinded on the Silicon carbide abrasive 
paper of 300, 600, 800, 1000, & 1200 grit sizes. A 
standard grinding procedure was followed to polish 
the surface of specimen to be tested.All specimens 
were etched using Keller’s reagent to reveal the fine 
grain structure. Figure 3.1 shows the microscopic 
images of AA7075 and its composites. SEM studies 
of worn specimens,AA7075 and its compositeswere 
carried out 
2.4 Micro Hardness 
Vickers micro hardness tests were performed on all 
samples of both AA7075 matrix alloy and AA7075-
ZrO2 composites of both heat treated and un heat 
treated conditions. Micro hardness tests were 
conducted on the polished samples. The micro 
hardness was performed by applying 100 grams of 
load for a period of 10secs.In order to negate the 
possible effect of indenter resting on the harder 
particles the test was carried out at 5 different 
locations. The average value is taken as hardness of 
sample. 
The Vickers hardness number for AA7075 and its 
composites was determined by using the formula 
  VHN = (1854.4 P) / d2 
Where, P=load in grams and d=Mean diagonal 
indentation, µm  

 
Fig. 2.5 Hardness specimen 

2.5 Wear Studies 
2.5.1 Adhesive wear test 
Adhesion wear tests were studied on the standard pin 
on disc wear test rig as shown in the figure 1.5. The 
wear tests were carried for both matrix alloy AA7075 
and its composites with and without heat treatment. 
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As per the ASTME standards specimens having the 
dimensions of Ø6mm and length 30mm were used to 
study. The specimens subjected for wear test were 
grounded with Silicon Carbide abrasive paper of 320 
grit size. The loss of height of the specimens was 
recorded at different intervals of time ranging from 
5mins to 30mins.  
 

 
Fig. 1.5 Wear testing machine 

 
The test was carried at constant speed of 300 rpm and 
a constant track radius of 30mm at constant load 20N. 
The sliding velocity was set to 1.25m/sec.Also the 
values of the coefficient of friction for AA7075 and 
its composites were determined by using the formula,  
   µ = F/N  
Where,  

µ = Coefficient of friction 
F = Frictional force in Newton’s 
N= Applied load in Newton’s 

The sliding velocity of the disc was determined by 
using the formula, 
  Sv = 2πrN/60…. m/sec 
Where, 
 Sv= Sliding velocity in m/sec  
  r  = Track radius of the disc (30mm) 
  N= Rotational speed of the disc in rpm 
The sliding distance of the disc was determined by 
using the formula, 
  Sd = 2πrNt …….m  
Where,  
 Sd= Sliding distance of the disc in meters 
 T = Time duration set in minutes 
 
3. RESULTS AND DISCUSSION 
3.1 Microscopic Analysis 

The images of microstructure of composite 
of different reinforcement proportions studied under 
optical microscope are shown in figure 3.1. The study 
reveals uniform dispersion of ZrO2 particles in the   
matrix materials. As the percentage reinforcement 
increases, concentration of more particles in the grain 
boundaries is observed & it signifies the increase in 
the strength and hardness. Images clearly shows that 
there are no much clustering of reinforcement in the 
matrix. The discontinuities in the grain boundaries 
decreases the elongation of the composite and hence 
the ductility is decreased. 

Fig.3.1 Microscopic images of AA7075 and its 
composites 

3.2 SEM Analysis 
3.2.1 SEM of AA7075 and its composites 

Scanning electron micrographs at lower 
magnification shows that the distribution of ZrO2 
throughout the MMCs. SEM at higher 
magnification shows the particle-matrix interfaces. 
Distribution of ZrO2 particles is fairly homogenous 
throughout the matrix alloy and dominant in case 
of composites reinforced with ZrO2 particles in 
AA7075+8wt.% ZrO2. It shows agglomeration of 
reinforced phase owing to poor wettability of ZrO2 
particles. Further, detachment / decohesion of ZrO2 
particles are also observed as evidenced in the 
figure 3.2. There exists strong interfacial bond 
between matrix alloy and reinforcement in ZrO2 
reinforced composites 

 
Fig.3.2 SEM images of AA7075 and its composites 
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3.2.2 SEM of worn-out surface 
The micrograph shows the fine distribution of 

ZrO2thought out the surface of worn out wear surface

 
Fig. 3.3 SEM images of worn out surface 

 
of composites containing 2-8Wt.% ZrO2. The 
surfaces are not smooth which clearly indicates the 
true bonding between the matrix alloy and hard 
reinforcement. A tiny parallel grooves were also 
formed which clearly seen in the figure 3.3. It can be 
seen that a layer of material was removed as debris 
from the surface in the form of thin sheets in the form 
of slitting surface whichleads to the formation of 
wear debris. When delamination wear occurs, the 
subsurface cracks which may exist previously or 
become nucleated due to stress, propagate during the 
course of wear. When such subsurface cracks join 
with the wear surface, delamination becomes the 
dominant wear mechanism. 
3.3 Hardness test 
Figure 3.4 shows the variation of improvement in the 
percentage of hardness valuewith respect to the 
matrix alloy AA7075 in both un heat treated and heat 
treated conditions. Heat treatment has profound effect 
on the hardness of the composites. It is observed that 
solutionising temperature and time result in the 
improved hardness of the composites. The hardness 
value has drastically improved in heat treated 
condition compared with matrix alloy.The quenching 
media also affected the hardness of the composites.it 
is found that hardness value increased by 55.43% for 
8%ZrO2 without heat treatment. And also found that 
56.10% and 79.86% improvement found in air and 
water quenching respectively. The water quenching 
media has more effective under heat treatment 
condition than the air quenching media. So if the 
hardness value increases then it will leads to the 
lesser material loss. Thus concluded that there is 
increase in the hardness value is due to the 

reinforcing the hard reinforcement ZrO2 in the matrix 
alloy. 

 
 

Fig 3.4 Variation of Micro hardness of AA7075-
ZrO2 composites with reinforcement content 

without heat treatment, air and water quenching 
 
3.4Wear studies 
An increase in wear loss with increase in sliding 
distance can be attributed to the fact that the 
temperature at the specimen disc interface increases 
and hence forth the material gets softened and tends 
to get plastic state. However, AA7075-
ZrO2composites possess a lower wear loss when 
compared with AA7075 matrix alloy under all the 
sliding distance studied for given load and sliding 
velocity.Heat treatment has a considerable effect on 
both AA7075 matrix alloy and its composites. 
 
3.4.1Effect of Sliding Distance without Heat 
Treatment  

 
Fig.3.7 Varaition of Wear Loss with Sliding 

Distance without Heat Treatment 
 
The incorporation of the ZrO2 particles into the 
AA7075 alloy improves the sliding wear resistance as 
compared to the unreinforced matrix alloy. In all 
cases, initially the wear loss is more due to the fact 
that a few highly projected broken ZrO2 particles on 
the pin will act as debris and plough the surface, 
particularly in the AA7075-ZrO2 composite 
specimen. As sliding distance increases, the wear loss 
of both AA7075 and its composites increases when 
compared to without heat treatment for given load 
and sliding velocity.  
 
3.4.1.2 Effect of Sliding Distance with Heat 
Treatment (Air Quenching) 
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Fig.3.8 Variation of Wear Loss with Sliding 
Distance with Heat Treatment  (Air Quenching) 

 
Fig.3.2 shows the variation of wear loss with sliding 
distance with heat treatment  by air quenching. It is 
observed that, the percentage increase in the content 
of  reinforcment particles of ZrO2into the matrix alloy 
leads to the reduced loss of material of AA7075 and 
its composites.  It is also observed that wear loss of 
AA7075 alloy and its composite has pronounced 
effect on air quenching. Figure 3.8 revels that 
ZrO2reinforced composites have better wear 
resistance than with the unreinforced AA7075 matrix 
alloy. The asperities of the sliding pin surface come 
into contact with the steel disc surface  and are work 
hardened under the applied load and speed due to 
cold working on the surface of the pin. The 
ZrO2particles are very strong in compression than in 
tension. Therfore, instead of the surfaces particle 
cracking, they will be pushed back into the  AA7075 
alloy.  
 
3.4.1.3 Effect of Sliding Distance with Heat 

Treatment (Water Quenching) 

 
Fig.3.3: Variation of Wear Loss with Sliding 

Distance with Heat Treatment  (Water 
Quenching) 

Fig.3.3 shows the variation of wear loss with sliding 
distance with heat treatment by water quenching.  
From the above graph it is observed, that the wear 
loss of the metal matrix reinforced with ZrO2particles 
reduces with increasing reinforcement content for dry 
sliding wear test. The asperites of both pin and the 
counterface are in contact with each other and are 

subject to relative motion under the influence of 
applied load. Initially, both the surfaces are 
associated with a large number of sharp asperities and 
contact between the two surfaces takes primarily at 
these points. In this case, the asperities of the pin also 
have a reinforcements in the form of asperities. Under 
the influence of applied load and speed, when the 
asperities on each surface come in contact they are 
either plastically deformed or remain in elastic state 
in contact. The other plastically deformed surface 
may fill the valley of the material both pin and 
counterface during the course of action. Thus, there is 
a possibility of fracturing a few asperities on both 
surfaces, leading to very fine debris. The sliding 
forces fractures bonds, tearing metal from the pin 
surface and minute projections of the AA7075 on the 
counterface. The decrease in material loss of heat 
treated composites can be attributed to heavy plastic 
working of composites, where there is a possibility of 
dynamic recrystallization during heat treatment 
process which results in fine grain size. The loss in 
material of AA7075 and its composites due to wear, 
decreases with water quenching compared to air 
quenching and for without heat treatment. 
3.4.2 Coefficient of Friction 
Fig.3.4 shows the variation of coefficient of friction 
for the AA7075 matrix alloy and its composites with 
the increased reinforcement content of ZrO2. It is 
observed that, the coefficient of friction for AA7075 
matrix alloy at constant load increases upto the 
sliding distance of 753.98 m and becomes steady upto 
1130.97m. Thereafter, it gradually drops with 
increase in sliding distance. Coefficient of friction of 
AA7075 base alloy is comparatively less than 
AA7075-8wt%ZrO2 composite. The addition of 
ZrO2acts as a barrier and thereby increases hardness 
of the composites. Influencing factors on friction 
force are mechanical properties of the matrix, 
hardness, chemical stability of the particles, 
composition and strength of the interface.

 
Fig.3.4 : Variation of Coefficient of Friction with 

Sliding Distance without Heat Treatment 
3.4.2.1 Effect of Sliding Distance with Heat 
Treatment (Air Quenching) 
Fig.3.5 shows the variation of coefficient of friction 
with sliding distance with heat treatment by air 
quenching.  It is observed that, with an increase in 
the reinforcement content of ZrO2there is an 
increase in the coefficient of friction of composites 
with constant load and sliding velocity. Due to the 

5 18 30
50

68
90

0
20
40
60
80

100
120
140
160
180

376.99 753.98 1130.971507.961884.952261.94W
ea

r l
os

s (
m

ic
ro

ns
)

Sliding distance (m)

With heat treatment 

Al70
75

Al70
75-
2%Zr
O2
Al70
75-
4%Zr
O2

Solutionising temp: 530°C  Sliding velocity: 
1.25m/sec

Quenching media: Air   Load: 20N

5 15 26 36
52

70

0
20
40
60
80

100
120
140
160

376.99 753.98 1130.971507.961884.952261.94

W
ea

r l
os

s (
m

ic
ro

ns
)

Sliding distance (m)

With heat treatment

Al70
75

Al70
75-
2%Zr
O2
Al70
75-
4%Zr
O2
Al70
75-
6%Zr
O2

Solutionising temp: 530°C Sliding velocity: 
1.25m/sec Quenching media: Water   Load: 

20N

0.62

0.67 0.66 0.65
0.61

0.58

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

376.99 753.98 1130.97 1507.96 1884.95 2261.94

C
oe

ff
ic

ie
nt

 of
 fr

ic
tio

n

Sliding distance (m)

Without heat treatment
Al70
75

Al70
75-
2%Zr
O2
Al70
75-
4%Zr
O2



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,                 Special Issue, Sep.-2016 

Evaluation of Microstructure and Mechanical Properties of as Cast Aluminium Alloy 7075 And Zro2 Dispersed Metal Matrix Composites 
 

98 

hard nature of the ZrO2reinforcement particles there 
is an considerable increase in the frictional force 
when it is reinforced into the AA7075  matrix alloy. 
When the hard reinforced particles come in contact 
with the rotating disc and will result in the 
generation of larger frictional force. Dasgupta and 
Rupa reported that upon incorporating hard 
reinforcement with in matrix alloy has resulted in 
increase in its coefficient of friction. In this case the 
temperature rise is also noted for the larger frictional 
force generated. Coefficient of 
frictiondecreasesastheslidingprogressesdueto 
variation in contact between specimen and disc. The 
AA7075-ZrO2 composites produces higher 
coefficient of friction than the matrix alloy AA7075 
at all sliding speeds was observed upto sliding 
distance 1507.96m and then there is slightly fall in 
the coefficient of friction as sliding distance further 
increases. As sliding distance increases the 
coefficient of both AA7075 alloy and its composites 
increases when compared to without heat treatment.

Fig.3.5: Variation of Coefficient of Friction with 
Sliding Distance with Heat Treatment   (Air 
Quenching) 

3.4.2.2 Effect of Sliding Distance with Heat 
Treatment (Water Quenching) 
Fig.3.6 shows the variation of  coefficient of friction 
with sliding distance with heat treatment by water 
quenching. The coefficient of friction decreases with 
the increase in sliding 
distance.Thisdecreaseinvalueoccurslikely as a resultof 
hard reinforcement particulate appears onsurface, 
making contacting area of matrix smaller. Heat 
treatment followed by water quenching has a 
considerable effect on both AA7075matrix alloy and 
its composites. 

 
Fig.3.6: Variation of Coefficient of Friction with 
Sliding Distance with Heat Treatment  (Water 

Quenching) 

From the graph plotted it was observed that, with an 
increase in the reinforcement of ZrO2 there is an 
increase in the coefficient of friction for both matrix 
alloy and its composites with constant load, sliding 
velocity and sliding distance upto 1130.97m then 
there is fall in the coefficinet of friction indicating the 
softening of the contact surface. In heat treatment 
process, quenching media plays an important role. It 
changes the coefficient of friction for both AA7075 
matrix alloy and its composites. For both the AA7075 
matrix alloy and its composites the coefficient of 
friction increases with the increase in the 
reinforcement content of ZrO2particles in the 
AA7075 matrix alloy with an increase in the sliding 
distance under heat treatment. It was also observed 
that the coefficient of friction increases with water 
quenching compared to air quenching and without 
heat treatment for AA7075 and its composites. 
 
CONCLUSIONS 
 
AA7075 metal matrix composites reinforced with 
ZrO2was successfully produced by liquid metallury 
technique. WearbehaviorofAA7075 alloy and its 
composites was carried out successfully by friction 
and wear monitorThe microstructure of the 
ZrO2particle reinforced composite showed a 
reasonably uniform distribution of particles and good 
interfacial bonding of dispersed particles with the 
AA7075 matrix alloy. There is a good dispersibility 
of ZrO2particles in AA7075 matrix which improves 
the hardness of the compaosites and also the wear 
behaviour of the composite. In AA7075-8wt%ZrO2 
have high wear resistant as indicated by lowest wear. 
The wear loss tends to decrease with increasing 
particles volume, which confirms that addition of 
ZrO2is beneficial in reducing the wear loss of the 
composite. In the adhesive wear, the material loss for 
AA7075-ZrO2 composites is lower when compared to 
the AA7075 matrix alloy. Wear loss increases with 
increasing sliding distance due to the work 
hardnening of the surface leading to abrasion wear. 
Heat treatment has a important role in the adhesive 
wear mechanism. The results indicate that quenching 
of heat treated specimens in water gives better wear 
resistance than that achieved by air cooling. This is 
due to the higher cooling rates attained in water 
quenching which induces more strain in the 
specimens when compared to those induced by air 
cooling. Coefficient of friction of AA7075-ZrO2 
composites is higher than the AA7075 matrix alloy. 
This is due to the hard reinforcement particles in the 
soft AA7075 matrix leads to the higher coefficient of 
friction. 
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