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Particulates strengthened aluminium hybrid intermixtures is formed using squeeze casting method by
varying weight percentage (2%, 4% and 6%) of SiC and keeping 2% WC constant. Pin on disc of wear test
has been used to investigate the wear properties and coefficient of friction of synthesized aluminium
hybrid composites under dry sliding conditions by varying its load and sliding speed. The sliding distance
had been maintained constant. The structural features of the synthesized composites and its morpholog-
ical properties were studied by Scanning Electron Microscope (SEM). Wear rate of synthesized mixtures is
significantly increased at all affixed loads. SEM images of the worn out surfaces revealed that particulates
micro fracture was the predominant mechanism associated with abrasive wear. Micro hardness of
Aluminium hybrid been significantly increased due to incorporation of stronger and stiffer reinforced
particles and it leads to low wear with high friction coefficient developed hybrid compared with mono-
lithic material.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Materials, Manufacturing and Mechanical Engineering for Sustainable Developments-2020.
1. Introduction

Owing to its lesser density, low cost and desire to formulate the
material strengthening using precipitation hardening, aluminium
and its alloys have been primarily used for automobile and marine
applications. At elevated temperature, when compared with other
composites, these materials occupy various significant factors due
to its excellent abrasion resistance along with its high strength and
stiffness, good thermal conductivity characteristics [1]. Neverthe-
less, the major disadvantage of using such materials and its alloys,
is its low wear resistance. This is due to the fact that these materi-
als sustain considerable plastic deformations. In addition to that
during contact of two materials, throughout sliding condition, the
formation of protective layer is limited on the wear surfaces and
hence material removal is increased. This caused an increased wear
rate of aluminium and its alloys [2]. This can be improved by add-
ing ceramic strengthening particulates in the base material to
enhance the wear properties of aluminium composites [3]. It is also
observed that at high temperature during sliding surfaces it accu-
mulates plastic deformation and hence it forms an interchange of
asperities [4]. Additionally the presence of hard and brittle rein-
forcement, used in aluminium composites, extends over the sur-
face and makes the asperities to interrelate with its counter face,
provides more strength to the composites [5,6]. From the literature
it has been observed that the inclusion of ceramic reinforcement in
aluminium alloy matrix like SiC, Al2O3, B4C, TiB2 and MoS2 can
significantly used to reduce such properties [7]. It is also found that
the brittle behavior of aluminium composite is increased due to
increase in proportion of adding unique particulates in the matrix
alloy. In this regard, without compromising the mechanical prop-
erties of composites and thereby increasing the percentage rein-
forcement in aluminium alloy matrix using single reinforcement,
two or more reinforcements is necessary to add along with it, to
enhance its mechanical and wear properties. This perception forms
the basis of hybrid metal matrix composites. The wear properties
of Al7075/Al203/Gr hybrid composites using stir casting process
has increased by 36% than Al7075 aluminium alloy [8]. The dry
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sliding wear behavior of Al/SiC/B4C using stir casting method by
varying the load range of 20–100 N and sliding velocities from 1
to 5 m/sec has been improved [9,10]. Al6061/SiC/B4C hybrid com-
posites by varying weight percentage of SiC and keeping B4C con-
stant was developed using stir casting method shows better wear
properties than monolithic materials [11,12]. The wear behavior
of Al/Al2O3/ MoS2 hybrid composites by stir casting method has
been characterized and it has been observed that wear properties
has been significantly improved [13,14]. It is clearly identified from
the literature that only a few studies have been carried out using
Al6061/ SiC/ WC as reinforcement. Considering this an effort is
made to synthesize such intermixture by varying its weight pro-
portions using squeeze casting method and its wear properties
has been characterized.
2. Experimental methodology

In the present survey, Al6061 Aluminium alloy is used as parent
material for developing hybrid intermixtures and it finds tremen-
dous applications in automobile and marine industries [15]. The
reinforcements SiC (50 mm) andWC (60 mm) of varying particle size
is utilized to manufacture such hybrid intermixtures by varying
weight proportions (2%, 4%, and 6%) and keeping WC 2 wt% stable.
Squeeze casting method is employed to develop such intermix-
tures [16]. The furnace temperature was kept at 400 �C to remove
the surplus gases and moisture present in it, to avoid oxidation. By
the presence of magnesium in the parent material a CO2 gas of 3 L/
min is allowed to enter in the furnace to prevent burning during
casting. The reinforcement is preheated at 250 �C to eradicate the
moisture present in it. The alloy was placed in a melt and it was
allowed to melt at 750 �C. Stirring speed was maintained at
350 rpm to ensure the metal was completely melted. The rein-
forcement of varying weight percentage of SiC and WC is added
in to the melt. The stirring speed is increased to 450 rpm to obtain
uniform dissemination of strengthening particulates in the base
material. The mould of 15 mm diameter and 250 mm lengths
was preheated before pouring the composite mixture in the die
cavity. The temperature of composite mixture was increased to
900 �C and stirring speed was increases to 600 rpm and it was
poured in the die cavity. Then the synthesized hybrid composite
was allowed to cool at ambient temperature.
Fig. 1. Fined structure of Al
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3. Out of the experiment

3.1. Microstructure

It is inferred that the strengthening particulates potentially per-
ceptible and certained outlined in the SEM image of synthesized
hybrid aluminium composites. The reinforcement particles are
homogenously distributed in the Al7075 matrix without signs of
cluster as shown in Fig. 1. It is also found that due to pushing of
particle phenomena the redundant B4C reinforcement particles
are pressed to solid face and considerate in inter dentrite zone
and parting the dendrite branches in the materials as particle-
free regions. It is also evident that the inclusion of less percentage
of reinforcement of B4C accumulates free regions in the
microstructure. On contrary, if the percentage of reinforcement
increases it leads to porosity and it forms the gas layer on its sur-
face. This hinders the metal alloy liquid flows owing to its particle
clustering.

3.2. Wear characteristics

In the present study pin on disc of wear testing machine is used
to examine the wear properties of intermixture under dry sliding
conditions as per ASTM G99-04. The hybrid intermixture specimen
is sampled of 6 mm diameter and 35 mm length. The steel material
EN31 of surface roughness 0.3 mm was used as complement of
rotating disc [17,18]. The wear track width at the composite con-
tact surface was used to measure the wear parameter using univer-
sal measuring microscope. The volume of wear loss was calculated
as per ASTM G77-83 [19,20]. The wear-rate of synthesized alu-
minium hybrid composites at dry sliding conditions of varying
applied loads are shown in Figs. 2–4. The wear rate of intermix-
tures is significantly increased for all the combinations by varying
its sliding speed and applied loads. This is due to the fact that the
increase in load tends to increase the width of synthesized com-
posites and hence the wear rate also increases due to presence of
stiffer and stronger reinforcement in the matrix alloy. This restricts
the motion of dislocation movement and hinders the wear rate.

Fig. 2 shows the wear rate of composite material of Al6061 + 2%
SiC + 2%WC of various loads impact on the surface, which exhibits
that the wear rate also increases due to presence of stiffer and
stronger reinforcement in the matrix alloy.
6061 + 6% SiC + 2% WC.
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Fig. 3 shows the wear rate of composite material of Al6061 + 4%
SiC + 2%WC of various loads impact on the surface, which exhibits
that the wear rate also increases due to presence of stiffer and
stronger reinforcement in the matrix alloy.

Fig. 4 shows the wear rate of composite material of Al6061 + 6%
SiC + 2%WC of various loads impact on the surface, which exhibits
that the wear rate also increases due to presence of stiffer and
stronger reinforcement in the matrix alloy.
3.2.1. Friction coefficient
The variance of the friction coefficient (m) of the synthesized

hybrid mixtures under three different loads has been shown in
Fig. 5. The friction coefficients of SiC and WC particulates are in
ranges between 0.14 and 0.47 for the applied loads of 10, 20 and
30 N, respectively. It is observed that the friction coefficient of
the hybrid mixtures is significantly increased because of its
strengthening effect of matrix and reinforcement, the dislocations
in the alloy are ineffective which causes the increment in hardness
Fig. 2. Wear rate of Al6061 + 2%SiC + 2%WC.

Fig. 3. Wear rate of Al6061 + 4%SiC + 2%WC.
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are the most significant factor to enhance the wear resistant of
intermixtures.

SEM micrographs of worn surfaces of synthesized hybrid com-
posites of varying weight percentage under different load are
shown in Fig. 6.

The SEM images exhibits the plastic deformation occurs on the
surface of the composite material with the grooves which is paral-
lel to the sliding direction under the different loading conditions.
The grooves are formed by the wear caused by the pin on disc aspi-
ration, the deep grooves are exhibits the inclusion of SiC and WC
which were hard asperities on the steel counter face in the pin
on disc test. In the groove it was observed that the material smear-
ing and some local plastic deformation were observed and it indi-
cates that the adhesive wear on the surface. These effects are
caused by the additional load were bearded the composites which
shows that the inclusion of SiC and WC particles were improved
the load bearing capacity of the composite. The formation of trans-
fer layers between the inter mixture particulates which protect the
surface from abrasion.
Fig. 4. Wear rate of Al6061 + 4%SiC + 2%WC.

Fig. 5. Coefficient of friction of hybrid intermixtures.



Fig. 6. Worn surface of hybrid intermixtures.
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4. Conclusions

Aluminium hybrid composites has been significantly developed
using squeeze casting method by varying its weight proportions.
The effects of SiC and WC particulates on the microstructure and
the wear properties have been investigated. The overall results of
the present work are

� The morphological properties of the synthesised aluminium
hybrid intermixtures were analysed by SEM analysis. It has
been observed that the reinforced particles are uniformly dis-
tributed in the matrix alloy without indication of cluster.

� The inclusion of SiC and WC reinforcement in the matrix alloy
can significantly increases the co efficient of friction.

� The wear loss analysis of synthesised aluminium hybrid com-
posites has been significantly reduced to a maximum of
23.26% compared with monolithic materials.

� From the worn surface observation, the dominant wear mecha-
nism for all fabricated composites has been observed as abra-
sive wear due to particulates micro fracture of the composites.
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