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Abstract: The present investigation is aimed at studying the influence of alumina and silicon nitride reinforcement particles in addition to the Al 7075 alloy on the hardness, wear,
tensile, and impression creep behaviour. Three different composite specimens such as Al 7075 + 5 % alumina, Al 7075 + 5 % Silicon nitride, and Al 7075 + 2.5 % Silicon nitride +
2.5 % Alumina were fabricated using a stir casting process and the prepared composites were subjected to hardness, dry sliding wear test using pin on disc tribometer, tensile
testing and impression creep tests. From the results, it was observed that the hardness of the Al 7075 alloy increases with the addition of both silicon nitride and alumina and Al
7075 + 2.5 % Silicon nitride + 2.5 % Alumina exhibited the maximum hardness of the composite specimens. Al 7075 + 2.5 % Silicon nitride + 2.5 % Alumina showed a 75%
increase in wear resistance in comparison with the Al 7075 alloy and it also shows an improvement in creep and tensile properties.
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1 INTRODUCTION

Aluminium Matrix Composites (AMCs), a category of
lightweight material systems. The unreinforced aluminium
metal lacks the strength, rigidity, creep resistance, and wear
resistance that the aluminium matrix composites do. Of all
the commercial aluminium alloys, 7075 is an incredibly
popular choice as a matrix material to prepare metal matrix
composites. The addition of reinforcements like silicon
nitride in the matrix of A17075 alloy resulted in improvement
in mechanical properties [1-3]. There are studies on the
improvement in wear resistance with increase in weight
percentage of combination of reinforcements such as
TaC+Si3N4+Ti in the Al7075 matrix alloy [4-6]. A hybrid
composite consists of addition of more than one
reinforcement particle in the matrix. Al 7075 hybrid
composites are widely used in aerospace and automobile
industries owing to their higher specific strength. Some of the
notable applications include aircraft fuselage, wings, tail
section, satellite frames, battery enclosures etc [7-10]. This
research work focusses on such Al7075 hybrid composites,
its mechanical properties, etc. Al 7075 hybrid composites are
manufactured by the addition of 5 % silicon carbide and 2.5
% alumina and were subjected to mechanical property
evaluations. It was observed that the addition of secondary
particles resulted in finer grain size microstructure and
resulted in hardness value improvement [11-14].
Baradeswaran et al. fabricated Al7075 metal matrix
composites by the addition of alumina particles in the matrix
and studied their properties. From the results, they have
concluded that the increase in weight percentage of alumina
particles increases the tensile strength of the materials [15].
Moona et al. studied the A17075 hybrid composite containing
1.5% of aluminium oxide, 1.5% of silicon carbide and 1.5 %
eggshell particles and concluded that fatigue strength of such
materials is greatly enhanced [16]. From the literature survey,
it was found that there exists a significant gap in the research
works in the area of silicon nitride and alumina added Al

7075 alloys and the characterization of such fabricated
composites. There is minimal work reported in the area of
impression creep behaviour of such composites. So, in the
current study, silicon nitride and alumina are added to
Al7075 alloy to create aluminium hybrid composites, and the
mechanical characteristics such as hardness. Tensile, wear,
impression creep of these composites are examined [17-20].

2 EXPERIMENTAL WORK

The chemical composition of the Al 7075 alloy is given
in Tab. 1.

Table 1 Chemical composition of AI7075 alloy

Element wt.%
Cr 0.18-0.28
Cu 1.2-2
Fe 0.5
Mg 2.1-2.9
Mn 0.3
Si 0.4
Ti 0.2
Zn 5.1-6.1
Al Remaining

The silicon nitride and alumina particles are added to the
base alloy to improve its strength, hardness, creep resistance,
and wear resistance. The compositions of fabricated
specimens are shown in Tab. 2.

Table 2 Fabricated specimen compositions

S1. No Compositions (wt.%)
1 Al 7075 Alloy
2 Al 7075 + 5% Silicon Nitride
3 Al 7075 + 5% Alumina
4 Al 7075 + 2.5% Silicon Nitride + 2.5% Alumina

2.1 Stir Casting Process

Stir casting process was used for the fabrication of nitride
and alumina-reinforced A17075 alloy hybrid composites. The
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stir casting apparatus used for the manufacturing of
composites are shown in Fig. 1. A17075 alloy is placed in the
graphite crucible, and melting of the alloy is done at 720 °C
and then mixing of reinforcement particles were carried out
using a stirrer coated with graphite. Degassing of molten
metal was carried out at 787 °C. Then the stirrer was inserted
into the graphite crucible, and it is rotated at 600 rpm for
maintaining proper vortex and achieving uniform mixing of
the reinforcement particles. The reinforcement particles were
preheated at a temperature of about 400 °C for a period of 2
hours and then the reinforcement particleswere added to the
molten aluminium alloy. Magnesium powders were added in
small quantities during stirring to increase the wettability
between matrix and reinforcement particles. Mechanical
stirring was carried out for 5 minutes, and at the end of
mixing, the molten materials were poured into a dried,
preheated metallic mould of diameter 30 mm and length 150
mm. Bottom pouring was done to prevent the reaction
between the atmosphere and molten composites during
pouring. After solidification, the as-cast composites were
removed from the die [9-12]. The solidified composite along
with the die is shown in Fig. 2.

Figure 1 Stir Casting Apparatus

Figure 2 Solidified composite specimen
2.2 Hardness Studies

The hardness studies were carried out using a Rockwell
Hardness testing machine at a load of 1 kg for a dwell time
of 10 seconds. The hardness tests were performed according
to ASTM E-92 standards. Specimens were polished before

taking hardness measurements to remove scratches and
surface irregularities using the standard metallographic
procedure. Ten readings were taken for each sample to ensure
repeatability, and the average values are noted [13].

2.3 Wear Studies

A pin-on-disc wear the testing apparatus (Model: TE-
165-POD Magnum) connected to the data acquisition device
was used to conduct dry sliding wear tests, as shown in Fig.
3. The experiments were carried out in accordance with
ASTM G99-05 specifications. The experiments were carried
out with a steady disc speed of 1 m/s at room temperature.
The pin specimen is made to rub against the rotating steel
disc for a sliding distance of 1000 m [14-16]. During the tests,
the wear loss of the pin specimen is measured using the
LVDT transducer with an accuracy of 1.0 um. During the
tests, the wear loss during the tests is continuously recorded
in the system. The samples are weighed before and after wear
tests manually using an electronic weighing balance to
confirm the results obtained using a data acquisition system.
The specimen dimensions used for wear testing are of 10 mm
diameter and 25 mm length [17-18]. Fig. 4 shows the
specimen which is used for wear test.

Figure 3 Pin-on-disc wear testing machine

Figure 4 Specimen used for Wear Test
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2.4 Tensile Testing

Dark tensile testers are used to evaluate the tensile
strength of newly developed composite materials (Model:
UTB9052). The samples have been made in accordance with
ASTM E-8 standards; Fig. 5 depicts the samples used for
tensile testing. The tensile sample has a diameter of 6 mm
and a length of 30 mm. The composition of specimens used
for tensile studies is given in Tab. 1. The load-displacement
data are obtained in the system attached with the tensile
tester, and then a plot of stress versus strain is obtained for
each specimen [19-20].

Figure 6 Impression creep testing machine

2.5 Creep Studies

The creep tests are carried out using impression creep
testing machine (SPANKTRONICS). For creep tests,
cylindrical specimens of 10 mm diameter and 10 mm height
are used. The specimens are polished according to a standard
metallographic procedure to remove the scratches present in
the surface and the specimen is placed below the indenter.
After sample preparation, the specimen is placed beneath the
indenter as the first stage. The object is positioned beneath
the 1.5 mm diameter tungsten carbide indenter after the lock
screw is loosened to raise the furnace. The necessary
temperature is established in the temperature controller after
adding the small load. At this point, the thermocouple is
introduced to measure the furnace's interior temperature.
According to the literature study that was done, creep tests
are conducted on all examples at a constant temperature of
about 200 °C. Before adding significant weight, the sample
is kept at this temperature for a 1 hour. Impression depth vs.
time graph is collected by the data collection device and
displayed on the monitor. The impression creep testing
machine is shown in Fig. 6. The impression creep tests are
carried out for Al7075 alloy and hybrid composites at a
constant temperature of 200 °C and a constant load of 20 kg.
The dwell time for carrying out creep tests was 2 hours.

3 RESULTS AND DISCUSSION
3.1 Hardness Results

Al7075+5% Silicon nitride specimen shows an increase
in hardness of about 5% than Al7075 alloy due to the
presence of Si3N4 particles in the matrix. A17075+5% Al,O3
specimen shows an increase in hardness of about 3% than
Al7075 alloy due to the presence of Al,Os particles in the
matrix. Al7075+2.5% Si3N4 +2.5% Al,O3 specimen shows
an increase in hardness of about 14% than A17075 alloy due
to the presence of combination of SizN4 particles and Al,O3
particles in the matrix. Al7075+2.5% SizNs +2.5% AlO3
specimen exhibited higher hardness values of the
investigated specimens. The increase in hardness is due to the
addition of hard ceramic reinforcements in the matrix of
Al7075 which acts as nucleation sites and refines the
microstructure and thus resulting in increment in hardness
values. The comprehensive hardness behaviour results of
various combinations of this proposed aluminium metal
matrix hybrid composites are revealed in Fig. 7.
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Figure 7 Rockwell Hardness values for AI7075 alloy and its composites
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3.2 Wear Studies

The wear loss decreases by the addition of both silicon
nitride and alumina reinforcements in the matrix. Fig. 8
shows the wear curves of A17075, A17075+5% Si3Ng4, A17075
+5% AlLOs; and Al7075+2.5% SisNs +2.5% ALOs. It is
observed from Fig. 8, that the wear resistance of A17075+5%
silicon nitride specimen is improved of about 29% than
Al7075 alloy. The wear resistance of Al7075+5% alumina
specimen is improved of about 44% than A17075 alloy. The
wear resistance of Al7075+2.5%, silicon nitride+2.5%
alumina specimen is improved of about 75% than Al7075
alloy. The Al7075 +2.5%silicon nitride+2.5% Alumina
showed maximum wear resistance of the investigated
specimens. The material loss due to wear for A17075 + 2.5%
silicon nitride + 2.5% Alumina particles at the end of wear
test were nearly 50 microns whereas the weight loss due to
wear for the A17075 alloy was found to be 197 microns. The
hard nature of silicon nitride particles and alumina particles
lowers the wear loss of composite specimens. The higher
wear resistance of hybrid composite can be attributed to the
presence of hard reinforcement particles like silicon nitride
and alumina, which bears the load at the surface and prevent
the stress/load concentration on softer Al17075 matrix. The
hardness of these ceramic particles is very high and acts as
abrasion resistant phases leading to better wear resistance.
The losses of material due to wear of all the investigated
specimens are given in Fig. 9.
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Figure 9 Wear loss (in microns) of AI7075 alloy and composites after wear testing

3.3 Frictional Force

Fig. 10 shows the variation of frictional force of A17075,
Al17075+5% Si3N4, Al17075 +5% AlLO; and Al7075+2.5%
Si3N4 +2.5% Al Os;. From the figure the variation of frictional
force varies between 0 to 4.5 N for constant load. The
composite specimens showed lower frictional force values
due to the presence of reinforcement particles. The
unreinforced alloy showed more fluctuation than the
composite specimens because of the increasing tangential
force between pin and disc surfaces. The lower frictional
force values for hybrid composites indicate that the wear loss
of the composites was less than the Al7075 alloy. Wear
failure of the material will be more in the presence of higher
frictional forces between the pin and the disc surface.

When alumina and silicon nitride mixes with A17075 as
reinforcements, the fluctuation of frictional force occurs
initially. After it reaches 240 sec, friction reduces, and it is
maintained constant.
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Figure 10 Variation of frictional force of AI7075, AI7075+5% SisN4, AI7075 +5%
Al203 and Al7075+2.5% SisN4 +2.5% Al2O3

3.4 Coefficient of Friction

Fig. 11 depicts the variation in the coefficient of friction
of aluminium hybrid composites. The coefficient of friction
plays a significant role in many areas of engineering and
physics, including the design of brakes, tires, and other
frictional components.
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Figure 11 Variation in the coefficient of friction of AI7075 composites

12

TECHNICAL JOURNAL 20, 1(2026), 9-15



T. Karuppusamy et al.: Experimental Studies on Mechanical Characterizations of Silicon Nitride and Alumina added Al7075 Hybrid Composite for Various Engineering ...

From Fig. 11, the coefficient of friction of Al7075
composites varies from 0.03 to 0.5 than the Al7075 alloy.
When alumina and silicon nitride mixes with Al7075 as
reinforcements, the fluctuation of coefficient of friction
occurs initially. After it reaches 240 sec, friction reduces and
it is maintained constant.

3.5 Creep Studies

Al7075 hybrid composites are subjected to impression
creep tests under cast conditions to study the effect of these
composites' creep behaviour. Impression depth vs Time
graph obtained from the creep tests for the Al7075 alloy is
shown in Fig. 12.

The impression depth of Al7075 alloy is found to be
0.361 mm. The creep curves of Al7075+5% Si3N4 is shown
in Fig. 13. The impression depth of A17075 alloy+5% Si3zN4
is found to be 0.195 mm. It is observed that the addition of
reinforcement particles like silicon nitride can reduce creep
deformation with increased creep resistance. The creep
deformation of Al7075+5% SizN4 composite is lower than
the creep deformation of Al17075 alloy. The creep curves of
Al7075+5% Al,Os is shown in Fig. 14.
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Figure 13 Impression Depth vs. Time graph fc;r Al7075+5% silicon nitride

The impression depth of Al7075 alloy+5% AlLO; is
found to be 0.175 mm. It is observed that the addition of 5%
alumina can reduce creep deformation. This is due to the
hindrance of dislocation motion by precipitates, present in
the matrix. This reduces dislocation motion of creep leading
to enhanced creep resistance. The creep deformation of
Al7075+5% ALOs composite is lower than the creep

deformation of Al7075 alloy. The creep curves of
Al7075+2.5% Si3sN4 +2.5% Al Oz is shown in Fig. 15.
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The impression depth of Al7075 alloy+2.5% SizNy
+2.5% AlOs is found to be 0.152 mm. In comparison with
the fabricated specimensAl7075 alloy+2.5% SizsN4 +2.5%
ALLO3; composites exhibit greater creep resistance with less
creep deformation. From the Creep deformation graphs, it is
evident that the creep resistance of the Al 7075 matrix
composite increases. This is because silicon nitride and
alumina particle acts as a barrier for dislocation movement.
Hence dislocation pile-ups occur and therefore more amount
of stress or higher temperature are required for the
dislocation to overcome the barrier leading to enhanced creep
strength. The comparison of creep curves for all the
investigated specimens are shown in Fig. 16.

Comparison of creep curves of AI7075 composites
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Figure 16 Comparison of creep curves (Indentation depth in mm & Time in
minutes) for all the investigated specimens
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3.6 Tensile Studies

The tensile tests have been performed for both A17075
alloy and A17075 hybrid composites. The hybrid composites
exhibited higher tensile strength than that of the base 7075
alloy due to the fine grain structure in composite materials
that have been obtained during solidification. The presence
of reinforcement particles in the molten metal acts as
nucleation sites for grain nucleation, and hence it resulted in
finer grain size. According to the Hall-Petch relationship, the
finer grain size will result in higher tensile strength. The
presence of hard reinforcement particles like silicon nitride
and alumina hinders the movement of dislocations and hence
plastic deformation is restricted, which also contributes to an
increase in tensile strength of the composites. The tensile
stress values for the tested specimens are shown in Fig. 17.
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Figure 17 Stress values (MPa) of tested specimen

The tensile strength of Al 7075 alloy was 110 MPa,
whereas Al7075 + 5% silicon nitride composite was 115
MPa, there is marginal improvement in tensile strength due
to its addition. However, the 5 % alumina added A17075 alloy
exhibited significant improvement in tensile strength, which
is around 158 MPa. Al7075+2.5% SisNs +2.5% AlLO;
exhibits maximum tensile stress of 160 MPa when compared
to another composite specimen, due to higher volume
fraction of hard ceramic particles in the matrix contributing
to Orowan strengthening, dislocation hindering mechanisms
and fine grain structures.

4 CONCLUSIONS

The major conclusions drawn from the present study on
experimental investigations on the effect of reinforcements
on mechanical properties of hybrid Al17075 composites are
summarized.

1) Al7075+2.5% Al,O3+2.5% SisN4 exhibits high hardness
when compared to other composite specimens.

2) The hybrid composite specimen exhibited lower wear
loss (50 microns) than all the investigated composite
samples and is more suitable for applications demanding
higher wear resistance.

3) The composite specimens exhibited higher creep
resistance than the Al 7075 alloy and Al7075+2.5%
Al,O3+2.5% SizNs showed lower impression creep

deformation (0.152 mm) among the fabricated
specimens.
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