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Composite is made of two or more elements with different physical or chemical properties are combined
together to form a new material. The property of the produced material shows elevated properties when
compared to individual elements. Composites has two major elements called matrixes and reinforce-
ments. Aluminium matrix composites are commonly used in many industrial and automobile applica-
tions because of its availability, high strength to weight ratio, good wear and corrosion resistance.
Reinforcement is added into the composite to improve the tribological and mechanical properties, also
it reduces the cost of the composites. The Al2O3 and SiC are the favourable elements for aluminium to
make to make internal bonding between the matrix and reinforcement. In this research work, the new
material is formulated using powder metallurgy process, aluminium is selected as matrix material and
waste Al2O3material from oil refinery industry is used as reinforcement material. The composition of
new materials is 0%, 5% and 10% were added as reinforcement based on weight. The produced substrate
is tested for mechanical properties such as hardness, compression. The tribological properties such as
wear and friction were tested using pin on disc tribometer. The characterisation is done on the produced
substrate using scanning electron microscope, energy dispersive X-Ray analysis and X-Ray diffraction.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science.
1. Introduction

The potential application of the aluminium matrix composites
is aerospace, defence, food, automobile, structural and various
engineering divisions since it has high stiffness, high resistance
to wear and seizure as compared to the aluminium alloy. The com-
posites are majorly classified into polymer matrix composites (ny-
lon, polyester, epoxy, pp, abs, pc), metal matrix composites
(aluminium, copper, magnesium, nickel) and ceramic matrix com-
posites (glass, silicon, cement) based on, matrix material. Based on
reinforcement it is classified into whisker, particle (large particle,
dispersion), fibre (continuous, short, hybrid) and structural (lami-
nate, sandwich) reinforcement. For the last two decades, particle
reinforced metal matrix composite are more popular among
researches to optimise mechanical and tribological properties for
the modern trend applications. The main focus of current
researches on aluminium and magnesium because of significant
and elevated properties in corrosion, density, wear and exceptional
tribomechanica lproperties.

Currently, researchers are developing new aluminium compos-
ite material by adding waste material as reinforcement to reduce
the cost. Some of the recent works found in the literatures are dis-
cussed. Joseph et. al. studied the mechanical properties of alu-
minium metal matrix composite reinforced with agricultural
waste. The obtained results are significantly high when compared
to pure aluminium [1]. Dinaharan et. al. [2] used industrial fly ash
as reinforcement to produce aluminium metal matrix composites
and identified the wear mechanism involved in the composites
which is processed by friction stir processing. The new material
properties are significantly improved compared to the composites
available commercially. The hardness of the material was
improved from 62 to 125 HV. The wear rate is 411 � 10-5 mm3 /
m at 0 vol% and 203 � 10-5 mm3 /m at 18 vol%. Kenneth and
Kazeem investigated the effect of hybrid composite with alumina,
rice husk and graphene as reinforcement, the wear rate increased
ineering:
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Fig. 1. Hardness value for the produced substrate.
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with increase in the graphite content from 0.5 to 1.5 wt% [3]. Singla
et. al. [4] studied the wear behaviour of aluminium 6061 alloy with
reinforcement as sic, al2o3 and ead mud. The addition of red mud
reduces the cost of the material. The composite which has 7.5% of
red mud produces high hardness and wear resistance. Alaneme ET.
Al. used rice husk ash as reinforcement to improve the corrosion
and wear behaviour, it was observed that addition of rice husk
and silicon carbide improves both corrosion and wear properties
at 7.5% of reinforcement. the different waste reinforcement have
been incorporated in the aluminium composites are quarry dust
[5], basalt [6], agro waste [7], egg shell [8],corn cob ash [9], car-
bonised maize stock [10,14–18], palm oil clinkers [11] and so on
are used effectively to reduce the cost of the composite. The
mechanical property of aluminium composite is improved with
addition of alumina and rice husk ash. The hardness is improved
to 11% and tensile strength is improved to 8% [9,18–23]. Ajith
Kumar senapati ET. Al. reviewed the use of scarp material in metal
matrix composites. Fly ash, rice husk and coconut shell are
reviewed critically, it revealed that the cost of the material is
reduced and also the properties such as mechanical, physical, tri-
bogical property of the metal matrix composites can be improved.
These composites can be used in industrial and automotive appli-
cations [12]. Pradeep Kumar et al. used waste car alloy wheel is
used as matrix material to produce the novel material. The pre-
pared composite showed enhanced tensile strength of 125 MPa
and compressive strength of 312 MPa [13,4,25].

In this research work, waste al2o3 is collected from oil refinery
industry in Oman, the serened material is used as reinforcement to
reduce the cost of aluminium composite. To minimize casting
defects such as porosity, blow holes and shrinkage powder metal-
lurgy process is adopted. Mixing of matrix and reinforcement is
done using ball milling process. The compaction and sintering pro-
cess is done with the help UTM and muffle furnace respectively.
The mechanical properties such as hardness and compression.
The prepared substrates are analysed using X-ray diffraction, scan-
ning electron microscope and energy dispersive x-ray analysis.
Fig. 2. Compression test result for 0% reinforcement.
2. Experimental details and proceduers

The aluminium metal powder of 50 mm size is purchased from
local vendor. The sample of waste aluminium oxide is collected
from oil refinery industry from Oman. The die size selected for
powder metallurgy process is 25 mm diameter and 150 mm
height. The mixing of matrix and reinforcement is done with the
help of hand stirring process 10 mins. The prepared powder is filled
into the die and compaction is done with the help of top punch
using UTM machine with a applied load of 49KN. Finally, the green
compact is sintered for 5 hrs at the temperature of 530◦C then it is
cooled under ambient temperature. The prepared samples are
tested for hardness value using Wilson wolpert machine (model
number: MVD 410) in Vickers hardness scale. The load applied
on sample is 0.3Kgf dwell time is 10 sec at 3 different locations
finally considered average of hardness values as hardness number.
The compression test is done using UTM machine with a capacity
of 10KN. The obtained samples is then given to wire EDM for get-
ting desired shape and size of 10 mm diameter and 10 mm height.
X-ray diffraction test was analysed using shimago machine. SEM
and EDAX was analysed using thermos scientific machine.
Fig. 3. Compression test result for 5% reinforcement.
3. Results and discussion

3.1. Hardness analysis

Fig. 1 shows the hardness value of produced substrates. It
depicts that when compared to pure aluminium and 10% reinforce-
Please cite this article as: R. Akash, R. Muraliraja, R. Suthan et al., Synthesis and
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ment, the sample which has 5% of reinforcement gives highest
hardness value. The reason behind the improved hardness is the
testing of aluminium composite using industrial waste as reinforcement,
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Fig. 4. Compression test result for 10% reinforcement.

Fig. 5. X-ray diffraction of 0% reinforcement.

Fig. 6. X-ray diffraction of 5% reinforcement.

Fig. 7. X-ray diffraction of 10% reinforcement.

Fig. 8. SEM micrograph of 0% reinforcement.
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point load applied on the surface of the substrate is shared with the
reinforcement added. The pure aluminium has the hardness value
of 17 HRH, the sample has 5% and 10% of reinforcement shows the
hardness value of 25 and 19 HRH respectively.
3.2. Compression analysis

Figs. 2–4 shows the graph of compression test results for the
substrates produced using powder metallurgy process. It is
observed from the graph that the substrate produced without rein-
forcement which is shown in Fig. 2 has the compression strength of
10 MPa whereas the substrates produced using 5% and 10% of rein-
forcement has the compression strength of 22 and 12 MPa. It is
predicted that the applied load on the substrate withstand more
load than pure aluminium alloy.
3.3. XRD analysis

It is observed from the Fig. 5, there is no identification of Al2O3
on the sample because it has no reinforcement. It is also considered
as one of the evident of the addition of reinforcement of different
percentage. In Figs. 6 and 7, the intensity value of the sample is
varied and also the traces of Al2O3 are observed for the sample
5% and 10%.
testing of aluminium composite using industrial waste as reinforcement,
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Fig. 10. SEM micrograph of 10% reinforcement.

Fig. 9. SEM micrograph of 5% reinforcement.
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3.4. SEM analysis

The Figs. 8–10 shows the SEM micrograph of prepared sub-
strates it clearly depicts that the reinforcement are successfully
incorporated in 5 and 10% in the substrate. The added reinforce-
ment mixed well with the matrix it is clearly visible in the micro-
graph. The percentage of porosity is very less in all the substrate
because of its manufacturing method selected.
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