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Keywords Abstract

AA5022; This research work investigates the mechanical and dry friction wear behavior of the AA5022 matrix

Hybrid Composites; reinforced with nano-scaled particles. In this work, nano-scaled vanadium and tin were blended with an

Vanadi ’ aluminum matrix, and the aluminum composite samples with different weight percentages of nano-
anadium;

scaled vanadium and tin in the 0—10 wt% range were fabricated through a muffle furnace and stir-casting
Tin; techniques. The obtained results reveal that the tensile strength and microhardness progressively increase
Tribology. with nano-scaled vanadium and tin addition in the aluminum matrix up to 6 wt% of each. The wear loss
and wear rate gradually decrease in the same samples. The internal structure of nano-scaled vanadium
and tin-reinforced hybrid aluminum composite samples was examined by scanning electron microscopy,
which revealed that, sample C (6 wt% of nano-scaled vanadium and tin particles) microstructure
appeared uniform distribution and was intensively dispersed in the aluminum matrix. The pure AA5022
was also studied to compare the mechanical and tribological properties. Sample C improved by 39% in
tensile strength and improved by 22% in microhardness. Moreover, hybrid aluminum composite samples
showed improved wear-resistant characteristics, which can be used for various tribological applications,
especially in electric automotive and modern aerospace.

1. Introduction

In the over few years, the universal need for minimum cost, composites show good tribological behavior, which emerges

higher performance, and superior quality materials has been
carried out on composite materials by numerous researchers.
The operating low-cost, low wear performance and high
strength-to-weight ratio play a vital role in modern
aerospace, automobile, and other related modern industries.
Aluminum is the most extensively used metal matrix
composite in the modern scenario. It is mainly because of the
distinctive characteristics of low density, good mechanical
properties, low electrical resistance, good machinability, and
excellent corrosion resistance. Modern engineering
applications have a lot of more current demands; hybrid
aluminum composites have the great potential to satisfy their
demands. Al 6061-Albite-Graphite reinforced hybrid

as an attractive alternative hybrid composite material for
high-end applications [1]. The prediction of wear properties
performance is of supreme significance in the present
industrial scenario, to evaluate the life span of friction-based
components in advance to avoid huge financial losses
acquired on account of wear [2]. The hybrid aluminum
composites density improves with reinforcements like TiC,
SiC, and etc. The addition of reinforcements such as fly ash,
mica, and rice husk reduces the density of the hybrid
composites [3]. The reinforcement particle size, shape, type,
and distribution in the matrix leads to internal microstructure
and the volume fraction of reinforcement, which determines
the composite surface and wear characteristics [4]. The
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aluminum composite performance is mostly reliant on
choosing the right combination of reinforcing particles and
processing parameters [5]. The inclusion of B4C particle
reinforcement leads to decreases in the wear rate and
improves the wear resistance performance of the aluminum
hybrid composites [6]. The mechanical and mechanical
behavior of hybrid composites improved with combination
of fly ash and SiC particles [7]. The wear performance of
hybrid composites decreased with the increase of the
graphite inclusion in the aluminum matrix to 1.5 wt%, and
hence graphite is not supported by the wear properties [8].
The mechanical properties of the aluminum matrix improve
with the addition of SiC, B4C, and alumina particles [9]. The
wear rate is not affected notably with load and sliding
velocity, but reinforcement particle size significantly affects
the wear properties. [10,11]. The addition of micro and nano
reinforcement particles in the aluminum matrix has
improved the mechanical and wear performance [12]. The
superior strength of aluminum or its combination is not all
around investigated. Even though, a few studies have
resulted in a significant increment in mechanical and wear
characteristics of hybrid aluminum composites and
therefore, more investigation is required in this spot of
further development in hybrid aluminum matrix [13]. The
uniform dispersion of nano-sized metal particles in the
hybrid aluminum matrix plays a vital role due to their strong
tendency for the agglomeration and good interface bonding,
which resulted for enhancing the characterization of the
hybrid aluminum matrix [14]. The inclusion of
reinforcement in the form of discontinuous or irregular
reinforcement particles of boron carbide and zirconium
carbide particles lead to an improving the characterization of
aluminum metal matrix composites [15]. Nowadays, most
vehicle body structures are employed with lightweight and
high-strength nano metal matrix composites, and the most
important properties of light-weight and high-strength are
simultaneously demanded in most modern applications [16].
The improved mechanical and wear properties of the multi-
component aluminum matrix can be accomplished by the
inclusion of low refractory and melting metal particles. To
facilitate superior characterization, metal nano-scaled
particles are added into the aluminum matrix and further
investigations are needed for the determination of the best
possible content of nano-scaled particles in the aluminum
matrix with an improved set of mechanical and wear
properties [17]. The hybrid metal matrix composites are
attractive materials for applications of mechanical, multi-
functional, medical, energy and industrial and thus, it can be
considered for the development of second generation of
composite materials [18]. The vanadium carbide particle
reinforced metal matrix composites were developed due to
spontaneous growth of vanadium carbide during
solidification, and uniformly distributed vanadium carbide in
metal matrix, which results in good metallurgical bonding
[19]. The aluminum composites reinforced with fly ash in
different sizes of particles showed suitability in numerous
applications like highway signs, automobile components,
and industrial products. The minimum particle sized
reinforced composites are found to be enhanced mechanical
performance [20,21]. The nano-sized particle quantity and its
dispersion in the matrix are dependent on the development
of composites in better characteristics [22]. The abrasive
wear accounts for 50% of wear in the most components of

industrial applications [23]. The wear performance of any
material depends on input parameters such as load applied,
sliding distance, and sliding velocity, property of material,
machine characteristics, and environmental conditions of the
machining operations [24]. The nano-sized particles
reinforced aluminum composites significantly enhance the
wear characteristics of matrix [25]. The material surface
damages induce a change in the geometry of the components,
which increased the surface crack propagation and tends to
increase the tribological rate [26]. The improvement in the
mechanical, and tribological performance of different
aluminum matrix depends on the percentage of
reinforcement particles, number of reinforced particles and
ranges of particle sizes in the fabricated aluminum
composites [27]. The wear rate is greatly affected by the
volume fraction of reinforced particles in the aluminum
matrix, and the relationship between reinforced particle grain
size, volume fraction, and sliding distance is important for
the wear properties of the hybrid aluminum composites [28].
Investigation of AIl/20Cu/10Mg reinforced composites
exhibited significant improvements in mechanical
properties. They are composed of two different metals with
good solubility, which provide better interfacial bonding by
forming intermetallic, whereas dissolved particles help to
achieve dispersion strengthening in composite structures
[29]. The reinforced particle shape, size, and volume
fraction, manufacturing process, and the interface between
the matrix and the reinforcement phases of the composites
affect the mechanical and wear behavior of metal matrix
composites [30].

Consequently, mechanical and wear behavior of
different metal matrix composites has been studied in the
literature. However, to our knowledge, effect of vanadium
(hard particle) and tin (soft particle) content on mechanical
and wear behaviors of AA5022 hybrid composites has not
been investigated. The main aim of present work is to
fabricate hybrid aluminum composites using reinforcement
of nano-scaled vanadium and tin particles to analyze the
mechanical and dry sliding wear performances. In this
research, we analyzed the effects of different proportions of
nana-scaled vanadium and tin reinforcements on the density,
microstructure, mechanical (tensile strength, hardness, and
% of elongation), and wear properties of an AA5022 matrix.
Based on the results obtained, the developed hybrid
aluminum composites could be used as an innovative
standpoint in enhancing the performance of composites in
electric automotive and aerospace applications.

2. EXPERIMENTAL
2.1. Materials

AA5022 is an aluminum alloy, and it has high strength, high
formability panel material, and soft coat baking reduced
proofstress. It is also capable of being improved by utilizing
adding the proper reinforcing materials. Vanadium (V) is a
shiny grey, malleable, ductile transition soft metal and its
density of vanadium is 2.56 g/cm?. Vanadium nanoparticles
provide ultra-high surface area (particle size range: 40-60
nm). Tin (Sn) is a silvery-white color hard metal and its
density of tin 4.67 g/cm’. Tin nanoparticles provide good
surface area (particle size range: 30-60 nm). This research
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Table 1. Chemical composition of AA5022 alloy (wt%).
Si Fe Cu Mg Mn Cr Al
0.25 04 0.2-05 02 35-49 0.1 Blance

Table 2. The formulation of hybrid aluminum composites with
nanoscaled vanadium and tin.

S.  Sample Aluminum  Nano-scaled izrll:&
. AA 5022 vanadium .
No. code (WE%) (Wt%) tin
(wt%)
1 (0] 100 - -
2 A 96 2 2
3 B 92 4 4
4 C 88 6 6
5 D 84 8 8
6 E 80 10 10

work is intent to study the performance of mechanical and
tribological behavior of aluminum matrix with incorporation
of both soft and hard nano-scaled particles. The different
proportions of nano-scaled vanadium and tin particles
reinforced with aluminum alloy were used for this research
work. The ingots of AA5022 were provided by Navistar
Steel Corporation Limited, Mumbai, India with its chemical
distribution of AAS5022 is tabulated in Tables 1 and 2
represented the formulation table, which is used to fabricate
the hybrid aluminum composites.

2.2 Hybrid composites preparation

Stir casting is the most preferable process or method for the
fabrication of hybrid composite materials. First, clean the
plunger, furnace, mold, and stirrer using carbide paste to
avoid settling molten metal when they contact it. Place the
furnace and plunger into the stir casting machine. The
reinforced nano-scaled materials (V and Sn) having different
material nature and meting temperatures and hence
dissimilar methods and time periods were used for vanadium
and tin, respectively. Place the mold at the bottom of the
setup in the correct position. Switch on the setup, adjust the
initial temperature to 85°C and place the base material,
AAS5022, into the furnace and allow the temperature to rise
further by closing the furnace. At the same time, preheat the
vanadium in the muffle furnace at a temperature of about
600°C. After attaining a definite temperature, take the
vanadium carefully from the muffle furnace and put that into
the stir casting furnace. Wait till the materials change into
molten form at about 720°C to 780°C. Then add tin carefully
at the last of the fabrication process due to tin material has a
lower melting temperature (232°C). Fix the stirrer carefully

into the motor, and after fixing, turn on the motor switch and
allow a rotating stirrer by giving low speed, making the
AA5022 vanadium tin blended properly in a molten metal
form. Then, turn off the motor switch, after 3-5 minutes turn
on the pneumatic switch, which makes the plunger move
backward and allows the molten metal to fall into the mold
kept at the bottom. The cylindrical tube mold was used to
fabricate the hybrid aluminum composites in this research
work. After some time, take out the mold, loosen the bolts
and then take the upper part of the mold and remove the
material. The aluminum alloy with various proportions of
nano-scaled vanadium and tin (hybrid aluminum
composites) were fabricated based on the above formulation
table. Then, the samples were prepared according to the
mechanical and tribological testing as per ASTM standards.
The machinery used for the fabrication process and fabricated
hybrid aluminum composites are shown in Figure 1.

2.3. Testing of density of material

The density of the aluminum hybrid composites was
computed using both the geometric method and the
Archimedes technique (with distilled water at 25°C as the
submersion liquid). The relative density of the hybrid
aluminum composite sample was calculated using the rule of
mixture blends, which utilizes the theoretical bulk thickness
values of all the aluminum hybrid composite samples.

2.4. Testing of mechanical characterization

The fabricated hybrid aluminum composite samples were used
for the testing of various mechanical characterizations like
tensile properties and hardness. The tensile tests were performed
at room temperature on a UTM at the cross-head speeds of 600
mm/min. The dumb-bell specimen was prepared according to
ASTM D-412. Hardness was tested using BHN with test
standards as per the ASTM E10-14, uses tungsten carbide
indenter. The 100 N load was applied for 15 seconds with
indentation speed of 40 mm/s. The indentation image displayed
by the computer, which was processed through dedicated
software to compute the Brinell hardness numbers. Five
iterations of the test were conducted, and the mean was noted.

2.5. Testing of tribological characterization

Pin-on-disc test apparatus was used to determine the dry
sliding wear characteristics of the aluminum hybrid
composite samples as per the ASTM G99-95 standards with
Model TR 20-LE, Ducom. The wear test is conducted by
taking the parameters like sliding velocity, load, and sliding
distance. The initial weight of the sample is to be properly
cleaned and measured using the electronic weighing
machine. The specimens were machined to a pin size of

Figure 1. Fabrication process and hybrid composites.
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10 x 25 mm. Wear testing is used to test the wear resistance
of solid materials. The wear rate unit is (mm?*/Nm).

2.6. Testing of morphological characterization

The morphology testing was carried out in Scanning
Electron Microscope model TESCAN VEGA3, which
produces images of a sample and the electrons interact with
atoms, producing various signals that contain information
about the samples of surface topography and composition of
aluminum hybrid composites.

3. Results and discussion
3.1. Analysis of mechanical properties

The density, micro hardness, and tensile properties were used
to assess the mechanical characterization of the hybrid
aluminum composites. In this study, 5 samples (S1, S2, S3,
S4, S5) for each fabricated aluminum hybrid composites
were subjected to testing and the average value was recorded,
which has been shown in Table 3 along with vanadium and
tin materials.

The density of hybrid composites is improved with the
incorporation of nano-scaled vanadium and tin particles.
Figure 2 shows that the density of the hybrid aluminum
matrix slightly increases when the reinforcement particles
increase which is due to the agglomeration of dual
nanoparticles. In other words, the density increased with
increasing the reinforcement dual materials and the hybrid
composites showed improved density due to its higher densi-

fication ability and more agglomeration. It is obvious that
there is not much difference among the pure aluminum alloy
and reinforcement particles and it confirms the preparation
suitability of hybrid composites for stir casting processes.
Moreover, theoretical and experimental density of different
hybrid aluminum composite samples are recorded in Table 4.

The micro hardness is improved upon incorporating
nano-scaled vanadium and tin particles in the aluminum
matrix. Figure 3 shows the hardness progressively increased
with the addition of nano-scaled vanadium and tin particles
in the aluminum matrix. It was due to the addition of
reinforced nano-scaled particles acting as an encumbrance to
dislocation motion, further due to satisfactory bonding
between the aluminum matrix and reinforced material.

In addition to more V and Sn in matrix, it is observed
that micro hardness slightly decreases and is due to the
formation of void nucleation by increasing more reinforced
particles and it led to a decrease in micro hardness. Also, it
can be concluded that the agglomeration of particles in the
matrix with a high percentage of reinforcement particles,
which results in higher porosity due to the formation of voids
and pits, leads to decrease the micro hardness [31].

The tensile stress-strain curves of the hybrid nano
composites increase linearly with the increase in dual
reinforcement with compared to pure aluminum matrix as
shown in Figure 4. It was due to the reduction in grain size,
uniform distribution and amount of soft and hard reinforcing
particles into the matrix. The maximum tensile strength

Table 3. The mechanical properties of hybrid aluminum composites.

Type of . . Sample Sample Sample Sample Sample Sample
testing | " onadium - Tin 0 B C D E
hax;‘;rs‘; o | 360,02 810;—' 494034 54+019  55+0.22 60+ 0.42 58+0.13  57+0.18
HBW
Tensile 110.3+ 0.04 67.63 = 106.32 = 118.82 = 128.43 = 145.36 = 131.94 + 127.47
strength in R 0.02 0.16 0.38 0.46 0.26 0.33
MPa
Elongation 164 + 1.86 + 196 + 1.46 +
at break in 2.36+0.03 0.04 014 6.96+0.18 870+0.24  2.32+0.10 018
%
Table 4. Theoretical and experimenal denity of different hybrid 0
aluminum compoites. 2.9
Theoretical Experimental 2.8
Sample . .
code density density 274
(g/em’) (g/em’) 8 [ SR
0 2.6
Sample O 2.5903 2.5709+0.0003 £ 5]
Sample A 2.6406 2.6303+0.0010 3 L4l
Sample B 2.6901 2.6708+0.0009 237
2.2 4
Sample C 2.7003 2.6802+0.0012 21
Sample D 2.7202 2.700120.0011 M T r r r T
S e E 27004 5 680340.0015 Pure and Diffrent Hybrid Aluminium Composites
ample . . 0.

Figure 2. Density of all hybrid composites filled with V&Sn.
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Figure 3. Micro Hardness of all hybrid composites filled with
V&Sn.
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Figure 4. Tensile stress-strain curves for different hybrid nano-
scaled composites and AA5022.

160

1404

1204

100 4

Tensile stress (MPa)

80 4

60

T T T T T T
o] A B C D E

Pure and Different Hybrid Aluminum Composites

Figure 5. Tensile strength of hybrid composites filled with V&Sn.

(145.36 MPa) of the sample C nano-scaled composite was
approximately 39% more than the tensile strength (106.32
MPa) of the AA5022 sample.

Figure 5 shows the tensile strength gradually increased
with V and Sn loading in hybrid aluminum matrix up to 6
wt%, which was due to uniform distribution of the V and Sn

10

Elongation at break , %

T S

0] A B C D E

Pure and Different Hybrid Aluminum Composites

Figure 6. Elongation at break of all hybrid composites filled with
V&Sn.

reinforcements and the more efficient load transfer from the
matrix to the reinforcement in the metal matrix due to the
two different reinforcement materials and these reinforced
particles build much strength to matrix by offering additional
resistance to tensile stresses [32,33]. The addition of more
reinforced particles into the matrix, loosens its tensile
strength, which was due to a more dual particles
agglomeration, and in homogeneous distribution of
reinforcing particles, which causes of strain fields in the
matrix.

The elongation at break is enhanced with the addition of
nano-scaled vanadium and tin particles. Figure 6 shows the
elongation at break steeply increases with V and Sn loading
in hybrid aluminum matrix up to 6 wt%, and it shows the
addition of these nano reinforced particles enhances the
ductility levels of the composites. It was due to the
homogeneous dispersion of V and Sn in the aluminum
matrix, and the thermal mismatch between the matrix and the
reinforced particles, which reasons for superior dislocation
density in the matrix [34]. With the further inclusion of more
nano-scaled reinforced particles, elongation of the hybrid
aluminum composites drastically reduced due to an increase
in the weight percentage of reinforcements and the formation
of void nucleation because of this, elongation at break
decreases [35].

3.2 Analysis of wear properties

The wear loss and wear rate were used to assess the
tribological characterization of the hybrid aluminum
composites. In this study, five samples are subjected to all
these testing and the corresponding values were recorded in
Table 5.

The abrasion loss of aluminum hybrid composite
material was assessed in terms of wear rate in different
parameters like load variation, sliding velocity, and sliding
distances. The loads (10 N, 20 N, 30 N, 40 N, and 50 N),
Sliding distances (500 m, 1000 m, 1500 m, 2000 m, and 2500
m), and Sliding velocity (1.2 m/s. 2.4 m/s, 3.6 m/s, 4.8 m/s
and 6.0 m/s) are different parameters to undergone for the
tribological testing to determine the wear characterization of
hybrid aluminum composites as indicated in Table 6.
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Table 5. The tribological properties of hybrid aluminum composites.

Type of testing Sample O Sample A  Sample B Sample C Sample D Sample E
fg‘/‘gis"l weight in |5 59 5.42 5.84 6.74 6.68 6.59
g/il‘:;l weight in |55 5.16 5.58 6.56 6.43 633
g;zr loss in 0.35 0.25 0.26 0.17 0.25 0.26
Wear rate in 6.33 4.62 4.48 2.62 3.73 3.94
mm°/N-m
Table 6. Wear rate in different parameters (Load, sliding distance, and sliding velocity).
Sample O Sample A  Sample B Sample C  Sample D  Sample E
Load Wear rate (mm?/N-m)
Test-1 10N 6.33 4.62 4.48 2.62 3.73 3.94
Test-2 20N 7.14 5.83 5.64 4.74 4.82 4.96
Test-3 30N 7.94 6.22 6.78 5.11 5.21 5.54
Test-4 40 N 8.34 7.12 7.48 6.62 6.73 6.94
Test-5 50N 8.84 7.62 7.98 6.94 6.85 7.18
Sliding distance Wear rate (mm>/N-m)
Test-1 500 m 7.11 5.41 5.28 4.48 4.52 4.71
Test-2 1000 m 7.91 6.43 6.32 5.52 5.61 5.74
Test-3 1500 m 8.71 7.02 7.48 5.99 6.01 6.31
Test-4 2000 m 9.11 8.14 8.12 7.12 7.46 7.74
Test-5 2500 m 9.66 8.53 8.51 7.78 7.80 8.21
Sliding velocity Wear rate (mm>/N-m)
Test-1 1.2 m/s 6.01 4.12 3.93 2.11 3.22 3.45
Test-2  2.4m/s 6.64 5.31 5.14 3.13 4.29 4.45
Test-3 3.6 m/s 7.34 5.77 6.11 4.53 4.76 5.04
Test-4 4.8 m/s 7.85 6.66 7.00 5.11 6.22 6.47
Test-5 6.0 m/s 8.32 7.11 7.45 6.44 6.52 6.83

Figure 7 shows that the wear rate gradually decreased
with the addition of nano vanadium and tin particles loading
in aluminum matrix up to 6 wt% in all load variations. As
load increases, the abrasion loss also increases and relates to
the coefficient of wear rate is increased with an increase in
load conditions. It is observed that the average abrasion loss
of the hybrid composite is relatively low compared to pure
alloy.

The homogeneous dispersion of nanoparticles in the
matrix led to improving the Interfacial reaction and proper
distribution among the V and Sn in the matrix. The inclusion
of additional reinforcements in the matrix loses their
interfacial reaction and improper distribution and hence

loosens the wear characteristics of aluminum hybrid
composites.

Figure 8 shows the wear rate of hybrid aluminum
composites at different sliding distance conditions, in which
incorporation of V and Sn particles in the matrix, improves
the wear resistance of hybrid aluminum composites up to 6
wt%. Incorporation of more same nanoparticles that lose
their interfacial reaction and loosen their wear resistances
and hence wear rate increases. Figure 9 shows the wear rate
of hybrid aluminum composites at different sliding
velocities. It results improve the wear resistance of hybrid
aluminum composites up to 6 wt%, which is due to uniform
dispersion and the good interfacial reaction of nanoparticles
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Figure 7. Wear rate of pure and hybrid composites at load variation.
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Figure 9. Wear rate of pure and hybrid composites at sliding
velocity variation.

in the matrix. The incorporation of more same particles lose
their wear resistance and hence wear rate increases. With the
increase of sliding velocity in all specimens, the wear rate
tends to increase since the reinforced particles unevenly
spread on the surface, which leads to unable to protect the
composite surfaces, and hence wear rate increases.

3.3 Analysis of micrographs

Figure 10 shows the wear surface of samples of pure alloy
and all hybrid aluminum composites containing nano-scaled
vanadium and tin in different proportions. Sample a
facilitated a good interfacial reaction between V and Sn in
the aluminum matrix and it observed that significant dimple
pattern and small wear debris, which leads to improved
mechanical and wear properties compared to pure alloy
(sample O). The accumulation of the more nano-scaled
particles in the matrix (sample B) which leads to presence of
some wear debrides on the worn surfaces. Sample C
facilitates better interfacial reaction and bonding between V
and Sn particles in the aluminum matrix, and it is observed
that settled dimple pattern and also less wear debris and there
are no shallow grooves, which leads to improving the tensile
and wear properties.

Samples D and E facilitated improper interfacial
reaction and no uniform distribution of reinforced particles
are detached from the worn surfaces during the wear tests.
And it is observed that more minor wear debris and shallow
grooves, which correlates to the micro-crack and micro-void
formation in hybrid aluminum composites [36]. It led to a
decrease in the tensile and wear properties of aluminum
hybrid composite, similar wear results were obtained from
the previous study on the tribological properties. Hence, the
all-morphology samples were analyzed and it reveals that 6
wt% of nano-scaled vanadium and tin particles dispersed
intensively in the AA5022 matrix (sample C), which will
show the better mechanical and tribological performance of
the hybrid aluminum composites.

4. Conclusion

This research aims to improve the mechanical and
tribological properties of hybrid aluminum composites. The
following conclusions arrived for the samples made of
different compositions of nano-scaled vanadium and tin
particles in the aluminum matrix, and the mechanical,
tribological characterization and morphological analysis
were carried out for all fabricated hybrid composites.

1. The density of hybrid composites increases with nano-
scaled vanadium and tin particles, which indicates that there
are not many differences between the pure aluminum alloy
and hybrid aluminum composites, and it confirms the
preparation suitability of hybrid composites in the stir
casting process;

2. The micro hardness gradually increases with the
incorporation of nano-scaled vanadium and tin particles in
the aluminum matrix to 6 wt%. The addition of more same
particles loosens the micro hardness. Moreover, sample C of
micro hardness improved approximately by 22% when
compared with pure alloy;

3. The tensile strength gradually increases with the loading
of nano scaled vanadium and tin particles in the aluminum
matrix to 6 wt%. The addition of more same particles loosens
the tensile strength. Moreover, tensile strength of sample C
improved by 39% more than when compared with pure alloy;

4. The elongation at break gradually increases with nano
scaled vanadium and tin particles in the aluminum matrix
till6 wt%. The addition of more same particles loosens the
elongation;
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Figure 10. The SEM images of the worn surfaces of all hybrid composites containing nano-scaled V&Sn particles.

5. The wear loss and wear rate gradually reduce with the
incorporation of nano-scaled vanadium and tin particles in
the matrix of all hybrid composites fabricated when
compared to pure alloy.

6. Tribological properties reveals that, the wear rate of nano-
scaled vanadium and tin particles reinforced hybrid
composites showed less value when compared to pure alloy
with various parameters like load, sliding distance, and
sliding velocity.

7. The samples' morphology revealed that 6 wt% of nano-
scaled vanadium and tin particles dispersed intensively in the
AAS5022 matrix, which will improve the mechanical and
tribological performance of the hybrid aluminum
composites.

8. Moreover, this research work concludes that hybrid
aluminum composites containing 6 wt% V and 6 wt% Sn
nano-scaled particles suitable for applications where
mechanical and wear performances are more important,
especially in the electric modern automotive and aerospace
applications.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for profit sectors.

Conflicts of interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Authors contribution statement

First author: Data curation; Formal analysis; Writing -
original draft; Writing - review & editing

Second author: Conceptualization; Data curation

Third author: Investigation; Methodology; Project
administration

Fourth author: Software Supervision; Validation;
Visualization

References

1. Madhukar, P., Selvaraj, N., Rao, C.S.P, et al
“Manufacturing of aluminium nano hybrid composites:
a state of review”, Mater. Sci Eng., 149(2), pp. 1-12
(2016).
https://doi.org/10.1088/1757-899X/149/1/012114

2. Bodunrin, M.O., Alaneme, K.K., and Chown, L.H.
“Aluminum matrix hybrid composites: a review of
reinforcement philosophies; mechanical, corrosion and
tribological characteristics”, J. Mater. Res. & Tech.,
4(4), pp. 434-445 (2015).
https://doi.org/10.1016/j.jmrt.2015.05.003

3. Siddesh Kumar, N.G., Ravindranath, V.M., and
Shiva Shankar, G.S. “Mechanical and wear behavior of
aluminium metal matrix hybrid composites”, Proc.
Mater. Sci., 5, pp. 908-917 (2014).
https://doi.org/10.1016/j.mspro.2014.07.378

4. Raja Selvam, J.D., Robinson Smart, D.S., and Dinaharan,


https://doi.org/10.1088/1757-899X/149/1/012114
https://www.sciencedirect.com/author/37123359900/michael-oluwatosin-bodunrin
https://www.sciencedirect.com/author/15520424000/kenneth-kanayo-alaneme
https://www.sciencedirect.com/author/24597564500/lesley-heath-chown
https://doi.org/10.1016/j.jmrt.2015.05.003
https://doi.org/10.1016/j.mspro.2014.07.378

10.

11.

12.

13.

14.

V. Chandran et al./Scientia Iranica (2025) 32(14): 7548 9

I. “Synthesis and characterization of Al6061-fly ash,-
sic, composites by stir casting and compocasting
methods”, Ener. Proc., 34(3), pp. 637-646 (2013).
https://doi.org/10.1016/j.egypro.2013.06.795

Kenneth, K.A. and Kazeem, O.S. “Microstructural
characteristics, mechanical and wear behavior of
aluminum matrix hybrid composites reinforced with
alumina, rice husk ash and graphite”, Eng. Sci. and Tech.
Int. J., 18(3), pp. 416-422 (2015).
https://doi.org/10.1016/j.jestch.2015.02.003

Himanshu, K., Merb, K.K., Sandeep Kumar, A., et al.
“A review on mechanical and tribological behaviors of
stir cast aluminum matrix composites”, Proc. Mater.
Sci., 6, pp. 1951-1960 (2014).
https://doi.org/10.1016/j.mspro.2014.07.229

Michael, O.B. and Kenneth, K., and Lesley, H.C.
“Aluminium matrix hybrid composites: a review of
reinforcement philosophies; mechanical, corrosion and
tribological characteristics”, J. Mater. Res. Tech., 4(4),
pp. 434-445 (2015).
https://doi.org/10.1016/j.jmrt.2015.05.003

Anand, N. and Senthil Kumaran, S. “Development and
influence of tribomechanical properties on magnesium-
based hybrid metal matrix composites-A review”,
Mater. Res. Exps., 7(3), pp. 1-14 (2018).
https://doi.org/10.1088/2053-1591/ab7d08

Nadeem, F. and Kaushik, K. ‘“Mechanical and
tribological behaviour of nano scaled silicon carbide
reinforced aluminium composites”, J. Exp. Nano Sci.,
13, pp. S1-S13 (2018).
https://doi.org/10.1080/17458080.2018.1431846

Sardar, S., Karmakar, S.K., Das, D., et al. “High stress
abrasive wear characteristics of Al7075 alloy and
7075/A1,03 composite”, Measurement, 127(5), pp. 42-
62 (2018).
https://doi.org/10.1016/j.measurement.2018.05.090

Vivudh, G.B. and Mishra, R.K. “Tribological
characteristics of AA7075 composites reinforced with
rice husk ash and carbonized eggshells”, J. Mater. Des.
App., 235(11), pp. 214-232 (2021).
https://doi.org/10.1177/14644207211025810

Girimurugan, R., Pugazhenthi, R., Suresh, T., etal.
“Prediction of mechanical properties of hybrid
aluminium composites”, Mater Today Proc., 39(1), pp.
712-716 (2021).
https://doi.org/0.1016/j.matpr.2020.09.302

Minlin, Z., Dafa, J., Hongjun, Z., et al. “Fabrication of
nano particulate reinforced metal matrix composites by
laser cladding”, J. Laser App., 26(2), pp. 2007-2018
(2014). https://doi.org/10.2351/1.4867735

Rajmanickam, T. and Marimuthu, K. “Experimental
investigation of mechanical and tribological properties

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

of Al6061-ZrC-B4C hybrid composites”, Transac.
Canadi Soc. Mech Engg., 45(3), pp. 429-443 (2020).
https://doi.org/10.1139/tcsme-2020-0137

Massoud, M., Wenwu, X., Ashish, K., et al. “Advanced
metal matrix nano composites”, Metals., 9(1), pp. 330-
341 (2019). https://doi.org/10.3390/met9030330

Grigoriev, N., Mironov, A., Ekaterina, K., et al.
“Enhancement of the mechanical and tribological
properties of aluminum-based alloys fabricated by SPS
and alloyed with Mo and Cr”, Metals, 11(12), 1900
(2021). https://doi.org/10.3390/met11121900

Megahed, M., Attia, M.A., Abdelhameed, M., et al.
“Tribological characterization of hybrid metal matrix
composites processed by powder metallurgy”, Acta
Metall. Sin., 30, pp. 781-790 (2017).
https://doi.org/10.1007/s40195-017-0568-5

Zhang, Y., Lai, R., Chen, Q., et al. “The correlation
analysis of  microstructure and  tribological
characteristics of in situ VC, reinforced iron-based
composite”, Materials, 14(15), 4343 (2021).
https://doi.org/10.3390/mal14154343

Jajneswar, N., Sankar, N.D., Anup, C., et al. “Wear
analysis of aluminum-fly ash hybrid composites”,
Mater. Today: Proc., 33(8), pp. 5461-5466 (2020).
https://doi.org/10.1016/j.matpr.2020.03.259

Abushanab, W., Moustafa, E., Ghandourahc, E., et al.
“The effect of different fly ash and vanadium carbide
contents on the various properties of hypereutectic Al-
Si alloys-based hybrid nano composites”, Silicon, 14,
pp- 5367-5377 (2022).
https://doi.org/10.1007/s12633-021-01284-0

Veereshkumar, G.B., Pramodet, R., Ramu, P., et al.
“Investigation of the tribological characteristics of
aluminum 6061-reinforced titanium carbide metal
matrix composites”, Nanomaterials, 11(11), 3039
(2021). https://doi.org/10.3390/nano11113039

Massimo, L., Alberta, A., Giulio, M., et al
“Understanding friction and wear behavior at the nano-
scale of aluminum matrix composites produced by laser
powder bed fusion”, Adv. Eng. Mater., 22(3), pp. 1-12
(2020). https://doi.org/10.1002/adem.201900815

Sharma, O.P. and Meena, A. “Study of mechanical
properties and wear behavior of aluminum 6061 matrix
composites reinforced with hematite and titania”, Mater.
Today, Proc., 44(4), pp. 5028-5036 (2021).
https://doi.org/10.1016/j.matpr.2021.01.131

Suresh, R., Jothi, A.G., Siddeshkumar, N.G., et al.
“Investigation on dry sliding wear behavior of
AAS5083/nano-AlO metal matrix composites”, Revista
de  Metalurgia., 58(1), pp. 122 (2022).

https://doi.org/10.3989/revmetalm.213

Zakeri, A., Bahmani, E., Ramezani, A., et al. “A review


https://doi.org/10.1016/j.egypro.2013.06.795
https://doi.org/10.1016/j.jestch.2015.02.003
https://doi.org/10.1016/j.mspro.2014.07.229
https://doi.org/10.1016/j.mspro.2014.07.229
https://www.sciencedirect.com/science/article/pii/S2238785415000691#!
https://www.sciencedirect.com/science/article/pii/S2238785415000691#!
https://www.sciencedirect.com/author/24597564500/lesley-heath-chown
https://www.sciencedirect.com/science/journal/22387854
https://www.sciencedirect.com/science/journal/22387854/4/4
https://www.sciencedirect.com/science/journal/22387854/4/4
https://doi.org/10.1016/j.jmrt.2015.05.003
https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/volume/2053-1591/7
https://doi.org/10.1088/2053-1591/ab7d08
https://doi.org/10.1080/17458080.2018.1431846
https://doi.org/10.1016/j.measurement.2018.05.090
https://doi.org/10.1016/j.measurement.2018.05.090
https://journals.sagepub.com/doi/abs/10.1177/14644207211025810
https://journals.sagepub.com/doi/abs/10.1177/14644207211025810
https://doi.org/10.1177/14644207211025810
https://doi.org/0.1016/j.matpr.2020.09.302
https://doi.org/0.1016/j.matpr.2020.09.302
https://doi.org/10.2351/1.4867735
mailto: Rajamanickam
https://cdnsciencepub.com/doi/abs/10.1139/tcsme-2020-0137#con2
https://doi.org/10.1139/tcsme-2020-0137
https://doi.org/10.3390/met9030330
https://doi.org/10.3390/met11121900
https://doi.org/10.1007/s40195-017-0568-5
https://doi.org/10.3390/ma14154343
https://doi.org/10.1016/j.matpr.2020.03.259
https://doi.org/10.1007/s12633-021-01284-0
https://doi.org/10.3390/nano11113039
https://doi.org/10.1002/adem.201900815
https://doi.org/10.1016/j.matpr.2021.01.131
https://doi.org/10.3989/revmetalm.213

10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

V. Chandran et al./Scientia Iranica (2025) 32(14): 7548

on the enhancement of mechanical and tribological
properties of MCrAlY coatings reinforced by dispersed
micro and nanoparticles”, Energies, 15(5), 1914 (2022).
https://doi.org/10.3390/en15051914

Pranavi, U., Venkateshwar Reddy, P., Venukumar, S., et
al. “Evaluation of mechanical and wear properties of Al
5059/B4C/AlO3; hybrid metal matrix composites”, J.
Compos. Sci., 6(3), 86 (2022).
https://doi.org/10.3390/jcs6030086

Priyanka, C., Parimala, P., Vishwanath, K.N., et al.
“Optimization on tribological behaviour of AA7178
nano titanium diboride hybrid composites employing
taguchi techniques”, J. Nanometer, 2022, 1619923
(2022). https://doi.org/10.1155/2022/1619923

Canakcl, A., Ozkaya, S., Erdemir, F., et al. “Effects of
Fe—Al intermetallic compounds on the wear and
corrosion  performances of AA2024/316L SS
metal/metal composites”, J. Alls. Comps. 845, 156236
(2020). https://doi.org/10.1016/j.jallcom.2020.156236

Onur, G., Mulim, C., Ramazan, D., et al. “Novel
ZA27/B4Cl/graphite  hybrid nanocomposite-bearing
materials with enhanced wear and corrosion resistance”,
Metal. Materi. Transac., 51(1), pp. 4632-4646 (2020).
https://doi.org/ 10.1007/s11661-020-05863-5

Yalcin, E.D., Canakci, A., Erdemir, F., et al
“Enhancement of wear and corrosion resistance of
ZA27/mano grapheme composites produced by Powder
Metallurgy”. Arabian J. Sci. Eng., 44, pp. 1437-1445
(2019). https://doi.org/10.1007/s13369-018-3582-7

Karabacak, A.H., Canakci, A., Erdemir, F., et al.
“Corrosion and mechanical properties of novel AA2024
matrix hybrid nano composites reinforced with B4C
and SiC particles”, Silicon, 14, pp. 8567-8579 (2022).
https://doi.org/10.1007/s12633-021-01582-7

Zihni, A.C., Abdullah, H.K., Metin, K., et al. “The effect
of machining processes on the physical and surface
characteristics of AA2024-B4C-SiC hybrid nano
composites fabricated by hot pressing method”, J.
Compos. Mater., 55(19), pp. 2657-2671 (2021).
https://doi.org/10.1177/0021998321996419

Yunus, M. and Alfattani, R. “Assessment of mechanical
and tribological behavior of AA6061 reinforced with
B4C and Gr hybrid metal matrix composites”, Coatings,
13(9), 1653 (2023).
https://doi.org/10.3390/coatings13091653

Nirala, A., Soren, S., Kumar, N., et al. “Micro-
mechanical and tribological behavior of
Al/SiC/B4C/CNT hybrid nano composite”, Sci. Rep, 13,
13147 (2023).
https://doi.org/10.1038/s41598-023-39713-2

Natrayan, L., Raviteja, S., Prabu, P., et al. “Statistical
experiment analysis of wear and mechanical behaviour
of abaca/sisal fiber-based hybrid composites under

liquid nitrogen environment”, Polym. Compos. Mater.,
10, pp. 1-12 (2023).
https://doi.org/10.3389/fmats.2023.1218047

36. Garg, H.K., Sharma, S., Kumar, R., et al. “Mechanical,
tribological, and morphological properties of SiC and Gr
reinforced Al-0.7Fe-0.6Si-0.375Cr-0.25Zn based stir-
casted hybrid metal matrix composites for automotive
applications: Fabrication and characterizations”, J. Mat.
Res. and Tech., 28(3), pp. 3267-3285 (2024).
https://doi.org/10.1016/j.jmrt.2023.12.171

Biographies

Velu Chandran is an Associate Professor of the Automobile
Engineering Department, Velammal Engineering College.
He is having 18 years of teaching experience and 11 years of
research experience. He obtained his PhD from Anna
University, Chennai in the year 2016. Machining,
Manufacturing, and characterization of natural fibre
reinforced composite materials are the areas of his interest
and specialization. He has 41 journal publications in
international repute and 15 papers in international and
national conferences. He written 5 books that were published
by Lap Lambert, Technical publication and Krishna
publication.

Lenin Nagarajan is a Professor of the Mechanical
Engineering Department, Vel Tech Rangarajan Dr.
Sagunthala R&D Institute of Science and Technology. He is
having 18 years of teaching experience and 15 years of
research experience. He obtained his PhD from Anna
University, Chennai in the year 2015. Manufacturing
optimization, facility layout design, selective assembly and
machinability studies on composite materials are the areas of
his interest and specialization. He has 54 journal publications
in international repute and 30 papers in international and
national conferences. He organized 4 international
conferences and 6 national conferences. He edited 2 books
that were published by Springer and Lap Lambert.

Kalpathi Mathivanan is working as a Professor in
Department of Mechanical Engineering at SV College of
Engineering, Tirupati, Andra Pradesh, India. He obtained his
PhD from Anna University, Chennai in the year 2018. He is
having 17 years of teaching and 8 years of research
experience. His areas of research interest include friction stir
welding, Tribological characterization, and manufacturing
optimization. He published 14 papers in international peer-
reviewed journals and presented around 21 papers in
international and national conferences.

Thomas Manvel Raj is a Professor in Department of
Mechanical Engineering in Dhanlakshmi Srinivasan College
of Engineering and Technology. He is having 27 years of
teaching as well as research experience. His areas of research
interest  include  micro  machining,  Tribological
characterization of nano materials, optimization and polymer
composite materials. He has more than 60 journal
publications in international reputed journals and 40 papers
in international and national conferences.


https://doi.org/10.3390/en15051914
https://doi.org/10.3390/jcs6030086
https://doi.org/10.1155/2022/1619923
https://doi.org/10.1016/j.jallcom.2020.156236
https://doi.org/%2010.1007/s11661-020-05863-5
https://doi.org/10.1007/s13369-018-3582-7
https://doi.org/10.1007/s12633-021-01582-7
https://doi.org/10.1177/002199832199641
https://doi.org/10.3390/coatings13091653
https://doi.org/10.1038/s41598-023-39713-2
https://doi.org/10.3389/fmats.2023.1218047
https://www.sciencedirect.com/author/57211422917/shubham-sh-sharma
https://doi.org/10.1016/j.jmrt.2023.12.171

