
Arabian Journal for Science and Engineering (2022) 47:15559–15573
https://doi.org/10.1007/s13369-022-06728-2

RESEARCH ART ICLE -MECHANICAL ENGINEER ING

Investigation of Nano-Al2O3 andMicro-coconut Shell Ash (CSA)
Reinforced AA7075 Hybrid Metal–Matrix Composite Using Two-Stage
Stir Casting

Ashish Kumar1,2 · R. C. Singh1 · Rajiv Chaudhary1

Received: 10 August 2021 / Accepted: 17 February 2022 / Published online: 11 March 2022
© King Fahd University of Petroleum &Minerals 2022

Abstract
The present work is focused on the influences of reinforced particles on mechanical, microstructural, and tribological perfor-
mances of AA7075 hybrid metal–matrix composites (HMMCs). Al2O3 and coconut shell ash (CSA) were reinforced using
two-stage stir casting by varying the wt% (0–5) of reinforcement. Microstructural analysis and various phase identifications
were examined with the help of scanning electron microscope (SEM) equipped with EDX and optical microscope. Vari-
ous mechanical testing such as tensile, hardness, 3-point bend test, and tribological behaviors were carried out to know the
HMMCs properties. Microstructural images revealed a homogeneous distribution of reinforced particles in the metal–matrix
and EDX confirmed the presence of dispersed reinforcements (Al2O3 and CSA) in the HMMCs. It was seen that mechanical
properties and tribological behavior have been increased after addition of Al2O3 and CSA reinforced particles whereas slightly
decreased in impact strength. Transgranular cleavage facets, micro-void coalescence, dimples, and crack were shown in SEM
images of fractured specimens during impact and tensile testing.
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1 Introduction

Al-alloys have its own inherent properties such as good
mechanical strength, low density, and excellent corrosion
resistance, and it leads to a widespread application in auto-
mobile and aerospace industries [1]. Particularly AA7075
alloy is a cold-finished wrought product having zinc as a
primary alloying element. It has the highest tensile strength
among all Al-screw machine alloys. AA7075 alloy is used
for the highly stressed structural components including air-
craft fitting, shafts, gear, and a variety of other commercial
aircraft, transportations, and equipment [2]. Generally, the
Al-alloys strength can be enhanced in various means, includ-
ing: (i) by the addition of insoluble second particles to form
hybrid metal–matrix composite (HMMCs) [3], (ii) by the
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precipitation hardening method [4], (iii) by the surface coat-
ings method, (iv) by the cryogenic treatments method, etc.
[5]. Among the above-mentioned processes, HMMCs con-
tain much concentration in improving the tribological and
mechanical properties of aluminum. A metal composite is
generally made up of two or more than two insoluble phase
particles. Comparing the base constituents material, HMCs
have better properties in various aspects. Since it is easily
fabricable, low density, and superior engineering properties,
aluminum and its alloys are preferably chosen to be as the
matrix material in majority conditions [6]. Typically, the
Al-MMCs are processed under (i) Liquid-state (pressurized
die casting, stir casting, infiltration process), (ii) solid-state
(diffusion bonding, physical-vapor deposition (PVD), and
powder metallurgy (PM)), and (iii) in situ dispensation.
Researchers suggested that the stir casting is the helpful
and most effective route among these mentioned procedures.
Prior to the production of HMMCs, several crucial set of
parameters such as stirring time and speed, melting tempera-
ture, holding or dwell time, stirring position, die preheating,
and insoluble second particles can be deliberated. The prop-
erties of developed composite are decided by the optimum
selection of mentioned parameters [7–13].
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The evolution of Al-HMMCs can be categorized into dis-
tinct stages. First stage: The properties of Al-matrix are
improved by addition of single solid reinforced particle.
The continuous and discontinuous category of solid rein-
forced particle can be continuous fibers such as SiC fiber
and carbon fiber and discontinuous such as whiskers, short
fiber, and particles. Among the above-mentioned category,
particle reinforced Al-HMMCs are used broadly. In this cat-
egory the most commonly used reinforced ceramic particles
such as B4C, SiC, and TiC, oxides such as MgO, Al2O3,
ZrO2, nitrides such as AIN and BN, whereas borides such
as TiB2 and AlB2, are used as second particle with the
Al-alloy [14–16]. Second stage: Hybrid Al MMCs were
introduced to improve the HMMCs properties compared
to single-solid reinforced particle. The hybrid metal–matrix
composite (HMMCs) is the addition of more than one syn-
thetic ceramic particle in the aluminummatrix. It ismeasured
as a better result than has been proved in the second stage
[17, 18]. Third stage: Industrial waste is used to utilize with
better properties of HMMCs, the industrial waste, and syn-
thetic ceramic-like graphite, fly ash, red mud, and cow dung
ash, coconut shell ash, etc., are added and superior outcome
have been reported [19–21].

A number of investigations have confirmed that the
ultimate tensile strength (UTS) and hardness of AA7075
reinforced with nano-Al2O3 particles enhanced dramatically
with increase in weight % of Al2O3. The nano-ceramic par-
ticles when used as reinforcement, it strengthens the matrix
with good ductility. The composting method was developed
to fabricate nano-SiC or Al2O3 reinforced Al-alloy compos-
ites [7, 11, 22]. The present scenarios in the development
of Al-based HMMCs are reinforcing agriculture waste with
ceramic particles. Agriculture waste such as rice husk ash,
bamboo leaf ash, bagasse ash, maize stalk ash, palm kernel
ash, and corn cob ash are used and superior properties have
been obtained [7, 20, 21, 23].

The two or more synthetic ceramics particles in matrix
including the main drawbacks are it increases brittleness and
reduces ductility in composites materials. Because of the
increased brittle nature of composite, the surface roughness
is affected bymachining characteristics; moreover, weight of
the composite enhances because of the variation in the den-
sity between matrix and particles. Generally, the artificial
ceramics particles are shown brittle behavior and frequently
employed as abrasives particle wherever the cost is higher.
The agriculture litters or wastes are one of the hopeful substi-
tutes to overcome the above-mentioned drawbacks. Coconut
shell ash consists of silicon oxide, alumina, iron oxides, mag-
nesium oxide, etc., which would improve the properties of
base metal. The major profits of CSA are less density, low
cost, and also reduced pollution [23–26]. The hybrid com-
posite consists of B4C, and coconut shell ash improves its
properties like tensile, hardness, and a minimum level of

porosity present. Dimple fracture form is shown during the
tensile test [27]. Hence, a challenge has been made in CSA
as the second reinforcement in Al-based MMCs. AA7075 is
commonly identified as high tensile strength-to-weight ratio
which is utilized in aeronautical, electronic, and automo-
tive uses. The main components of automobile like brake
calipers, piston, rocker arms, and wheels are manufactured
using AA7075 alloy [28].

In the present work, the weight % of Al2O3 and CSA rein-
forced particles are varied and the mechanical properties like
impact strength, ultimate tensile strength (UTS), hardness,
flexural strength, and compressive strength are evaluated.
Further tribological behaviors are evaluated for the fabricated
specimen. The existence of compounds and distribution of
second-phase particles in metal–matrix are observed with
optical metallographic (OM) and SEM equipped with EDX
respectively.

2 Experimental Procedure

2.1 Material Selection

AA7075 alloys are chosen as a base material (matrix) in
the form of small size sheet and rod. Spectro analysis is
done for chemical analysis and the compositions of a matrix
(AA7075) are listed in Table 1. The average size of 50 nm
of Al2O3 and micro-size coconut shell ash (CSA) is used as
reinforcement shown in Fig. 1. Coconut shell is collected in
a container and carefully dried in the daylight for four days
to eliminate the moisture. The coconut shell is crushed into
fine pieces and further burn in open furnace to make ash. The
fine ash particle is collected in a container and heated for 3 h
at 620 °C in a muffle furnace to abolish carbonaceous parti-
cles present in CSA. Various elements and compounds exist
in CSA are listed in Table 2. The particle size was screened
in the sieving machine to verify the estimated range of CSA
size. The particle size of Al2O3 is in nano-range and CSA
ranging average of 50–70 µm are used in this study. The
confirmation of nano-Al2O3 particles was validated by TEM
analysis.

2.2 Fabrication Process

Aluminum HMMCs were developed by the stir casting
method as shown Fig. 2, whereas pure aluminum powder
(µm) and Al2O3 powder (nm) were intermixed and added to
injection molding machine after compression of the powder
form into a circular disk-shape block as shown in Fig. 3. The
Al-Al2O3-CSA hybrid MMCs were melted in the electric
furnace. The Al matrix heated till melting start and further
cooled at slurry stage and mixed well manually in two-stage
stir casting. The desired temperature is achieved when the
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Table 1 Spectro analysis of
AA7075 alloy AA7075 Zn Mg Fe Cu Fe Cr Ti Si Al

Weight % 5.49 2.45 0.41 1.43 0.13 0.21 0.12 0.13 Balance

Fig.1 TEM analysis of nano-alumina powder

slurry is further heated and thematrix is stirred bymechanical
stirrer. The main advantages of this stir casting over conven-
tional stir casting process are the particles that were spread
all over the matrix to obtain a homogeneous dispersion of the

reinforcement [15]. The optimum stir casting process param-
eters are mentioned in Table 3. The muffle furnace is used to
preheat the reinforcement for 2.5 h to remove the absorbed
volatile contents. A graphite crucible is used to melt pure Al
7075 alloy about 1.5 kg per sample. AA7075 is heated in two-
stage casting up to melting temperature and further cool at
the semisolid state. At this state, preheated alumina and CSA
particles are mixed well for 5–6 min. After that the molten
slurry is then heated up to 950 °C for dissimilar weight % of
reinforced particlewhich is shown inTable 4. Theweight per-
centage of sample N0, N1, N2, and N3 were selected based
on the existing literature and experimental analysis. By keep-
ing both one as constant, the result was not much affected
and hence percentage of both reinforcements was increased
in research. Once the melt temperature has achieved 950 °C,
liquid slurry is stirredwith the help of four bladesmechanical
stirrer rotated in the range of (350–450 rpm) for 5–7 min to
make a uniform distribution of reinforcement in composite
material.

Table 2 XRF Oxide analysis of
CSA CSA SiO2 Al2O3 Fe2O3 MgO Na2O CaO ZnO MnO

Weight % 45.35 21.85 18.60 12.35 0.75 0.68 0.31 0.21

Fig.2 Stir casting process
mechanism
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CSA Par�cles

Nano Alumina

Fig.3 Preparation of powder (Pure Al + nano-alumina)

Table 3 Stir casting process parameter

Process parameter Selected parameter

Mold preheat temperature 280 °C

Processing temperature 950 °C

Preheat temperature of reinforcement 350 °C

Stirring speed 350 RPM

Stirring time 5 min

Blade angle 45o

Position of stirrer Up to 75% of depth

Table 4 Percentage of reinforcements

Sample Nano-size
Al2O3 (wt.%)
(%)

Micro-size CSA
(wt.%) (%)

AA7075
(wt.%)

N0 0 0 100%

N1 0.2 1 Remaining

N2 0.4 2 Remaining

N3 0.6 3 Remaining

2.3 Microstructural Characterization

Different specimens having dimensions (10 mm × 10 mm
× 10 mm) were machined and after that standard polish-
ing with various grades, i.e., 500, 800, 1000, 1500, 2000, of
emery paper obtained an apparent surface formicrostructural
characterization.Keller’s reagentswere used as etchants after
polishing the specimens as per the standard procedure. Scan-
ning electron microscopy (SEM) investigations were done

with EDX for all the workpieces. Element analysis was car-
ried out to observe the different chemical composition of
elements andoxides compounds contents inCSAbyEDXRF.

2.4 Hardness Test

A macrohardness tester has been used to evaluate the hard-
ness of the specimens. ASTM: E10 standard used to conduct
the experiments. The specimens were well prepared through
machining and polishing. Hardness was calculated in Brinell
scale, 3000 N load and steel ball having diameter 5 mm
indenter for 25 s. Four indentations have been taken at room
temperature on the upper surface and an average hardness
value was taken.

2.5 Impact Test

The impact test of fabricated specimen was conducted using
Charpy impact testingmachine as per ASTM: E23 standards.
Three specimens for all composition have been made by
EDM and the final impact strength value was evaluated by
taking the average value of these three specimens.

2.6 Tensile Test

The ultimate tensile strength of developed composite speci-
men was evaluated with UTM (universal testing machine)
loaded with 10KN load. Three cylindrical rod-type spec-
imens for each composition as shown in figure set were
prepared as per ASTM: E08 using EDM. The ultimate tensile
strength has been obtained at a crosshead speed (2.3mm/min)
by taking the average value.
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2.7 Compression Test

The computerized UTM-Auto instrument was used to per-
form a compression test on these specimens at room tem-
perature. Three specimens for each composition are made
according to ASTM: an E9-09 standard to obtain the ulti-
mate compression strength and average value was taken. The
compressive strength has been taken precisely because of the
machine was fully computerized. A uniform crosshead speed
of 1 mm/min was taken during the whole process of evalua-
tion.

2.8 Bending Test

Three point bending test is more realistic rather than com-
pression and tensile test in investigation of reinforced particle
in MMCs. The most important explanation was aluminum
oxide (Al2O3), and SiO2 (CSA) particulates show the notch
effect during the testing. To evaluate the flexural strength
three-point bending machine was used with two samples for
each composition as per ASTM: A370 standards. A max-
imum bending load is calculated in this test and flexural
strength (MPa) has calculated from the corresponding load.
Flexural strength is calculated by the given formula:

σ � M ∗ y/I (1)

where ‘σ ’ denotes flexural stress, ‘y’ is a distance from neu-
tral axis, ‘M’ is bendingmoment, and ‘I’ ismoment of inertia.
In the three-point bend test, peak value of flexural stress
occurs at midpoint of the sample.

2.9 Wear Test

A pin-on-disk apparatus is used to examine the dry sliding
wear of fabricated specimens. ASTM: G99 standards were
taken to conduct the experiments. A steel disk (EN31) of
diameter 110 mm was taken to against the slide pin. The
cylindrical specimen is prepared of 28 mm in height and
10mmdiameter to study thewear resistance of both compos-
ites and base metal (BM) alloy. Various tests were conducted
at different loads such as 20 N, 30 N, 40 N, and 50 N at a slid-
ing speed of 3.0 m/s at constant sliding distance of 1500 m
at room temperature. The loss of volume (V ) was deliber-
ated by calculating the loss in height into the cross-sectional
area of the sample pin. Wear rate was calculated using the
following Eq. (2).

Wear rate � V /L
(
mm3/m

)
(2)

where ‘L’ is the sliding distance.

2.9.1 Corrosion Test

The corrosion test was conducted using electrochemical
workstation setup as per ASTM: G31- 72 standards. The
specimens were prepared by polishing using emery papers
and cleaning was done by acetone solution and then washed
with water to eliminate unwanted impurities nearby the sur-
face. NaCl (210 g) is mixed with deionized water (6000 cm3)
and the solutionwas prepared. The three electrodeswere used
in this method named as (i) the wire electrode of platinum
was used as an auxiliary electrode, (ii) electrode of Ag–AgCl
used as a reference electrode, and (iii) specimen was used as
a working electrode.

3 Results and Discussion

3.1 Microstructural Characterization

The microstructural images for the composites can be
clearly seen in Fig. 4a–d. Uniform distribution of dis-
persed reinforcement particles is visible by the optical
images. Figure 4a shows the uniform distribution of micro-
segregation (MgZn2) with fine grains. Porosity levels
increase when the content of reinforcement increases which
are clearly shown in Fig. 4c, d. The maximum porosity is
clearly visible in Fig. 4d.

The uniform distribution of reinforced particles is shown
in SEM images for HMMCs which are evident of superior
incorporation of hybrid Al/Al2O3/CSA HMMCs. The SEM
images of AA7075 alloy Fig. 5a reinforced specimen are
clearly shown in Fig. 5b–d. The intermediate phases like
Al2Mg3Zn3,MgZn2,Al2CuMg,Al13Fe4,Al7Cu2Fe,Mg2Si,
and Al2Cu might be formed in the solidification period of
AA7075 alloy. Figure 5b, c shows the uniform distribution
of reinforced Al2O3 and CSA particles. It is clearly seen in
Fig. 5d when the weight percentage of reinforced particles
increases the porosity level.

The SEM with EDX images of AA7075 alloy Fig. 6a
and reinforced specimen are clearly shown in Fig. 6b–e.
Alumina (Al2O3) and coconut shell ash (CSA) reinforced
particles phases are successfully developed inAA7075which
was analyzed by SEM with EDX. The presence of (Al,
Al2O3, Si, Zn, and Cu) is clearly visible in the major pre-
dominant peaks of the graph which confirm the existence of
reinforced particles in composite specimens. The reinforced
particles act as a barrier where the dislocation movement
from one grain to another has to change its direction result-
ing in increase in ultimate tensile strength. Multidirectional
stresses are observed in composite samples than monolithic
aluminum due to grain refinement in composite samples with
good distribution of reinforcements and low porosity. Selec-
tion of process parameters for stir casting acts as a vital
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Fig.4 Optical micrographs of: a Base AA7075 alloy (N0), b HMMC (N1), c HMMC (N2), d HMMC (N3)

part in homogeneous distribution of reinforcements in the
matrix.

The SEM and EDX analyses of the samples are shown
in Figs. 5 and 6. The SEM images show uniform distribu-
tion of reinforcements for composite samples and are evident
for better incorporation of hybrid Al/ Al2O3/CSA MMC’s.
Selection of process parameters for stir casting acts as a
vital part in homogeneous distribution of reinforcements in
the matrix. Better uniform distribution of reinforcements is
achieved at higher temperature. The melting temperature of
the particles is higher than molten aluminum, and hence, to
reduce clusters high molten temperature is selected in the
process. When Al2O3 increases, slight clusters can be seen,
this is due to thermal mismatch between matrix and rein-
forcements. The solidification rate is delayed by the hard
ceramics when the liquid alloy is surrounded among them
which lead to formation of clusters. On the other hand when
CSA is increased, fewer clusters are seen since it is a soft
ceramic.

3.2 Mechanical Properties

Mechanical properties of hybrid composites increase with
addition of B4C and CDA particles. Figure 7 indicates

the hardness of developed AA7075/Al2O3/CSA HMMCs
increases with reinforcement (CSA and Al2O3). The hard-
ness of entire composite was much higher than that of
AA7075 alloy. The hardness has been improved for all sam-
ples except pure AA7075 due to the presence of Al2O3

along with SiO2 (CSA) particle in matrix material. Dur-
ing indentation, permanent deformation is restricted because
of occurrence of Al2O3 which solidifies the upper surface.
The ductility turns into brittleness when the ceramic parti-
cles were put in a metal–matrix which increases the hardness
value ofHMMCs.The increase inweight%of reinforcedpar-
ticles non-uniformity and non-wettability has been observed
and produces the high viscosity of molten metal which
causes difficulties in pouring. Uniform distributions of the
reinforced particles, density of reinforcement, rate of solid-
ification, and a lesser amount of porosity were few key
parameters that influenced hardness of theHMMCs [29]. The
resistance toward indentation on reinforced particles was cal-
culated by the BHN value. The optimum hardness value was
found to be 85, 98, 138, and 142BHN forN0,N1,N2, andN3
specimens, respectively. The maximum value was achieved
in specimen N3.

Aluminum being a ductile material turns brittle when
hard ceramics are added in the matrix which enhances the
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Fig.5 SEM images of: a Base AA7075 alloy (N0), b HMMC (N1), c HMMC (N2), d HMMC (N3)

hardness. Increase in percentage of reinforcements results in
non-wettability and non-uniformity in the matrix producing
high viscosity which leads to difficulties in pouring the com-
posite material. Uniform distribution of reinforcements, rate
of solidification, density of reinforcement particle, and less
porosity are few major parameters influencing the hardness
of composites [38, 39].

It has been perceived that the impact strength of every
fabricated composite specimen is reduced compared with the
base AA7075 alloy. Figure 8 indicates the graphical demon-
stration of average impact strength. The ductile nature of
Al-alloy shows high impact energy which experiences the
permanent deformation at ambient temperature. The pres-
ence of reinforced particles in the composite reduces the
impact strength of the entire composite. The brittle nature
of hard ceramic particle leads to stress concentration. The
uneven dispersal of the reinforcement in matrix material
results in formation of the clusters which reduces the bond-
ing betweenmatrix and reinforced particles and decreases the
impact strength of HMMCs [30–32]. The resistance toward
energy absorption on reinforcement may be recognized by
the value of impact strength. The optimum values of impact
strength are found to be 3.1, 2.8, 2.4, and 2.21 forN0,N1,N2,

and N3 specimens, respectively. Maximum value of impact
strength was found for specimen N0 (AA7075 alloy), shown
in Fig. 8.

Figure 9 shows the images of fractographic analysis with
SEM for fractured impact specimen. The higher values of
impact strength of specimenN0 is due to the presence ofmore
dimple compared to cleavage facet. In the Al-alloy, when the
second particles were added, the Al-matrix was transformed
from ductile to brittle. The crack initiation and propagation
are noticeably seen from Fig. 9a–d. The crack propagation
takes place on grain boundaries in the Al-matrix followed by
formations of transgranular facet. Stress concentration areas
are formed at site of reinforcement particles leading to forma-
tion of uneven crack causing poor energy absorption.All over
the reinforcement particles, void nucleation can be clearly
seen. These initiated crack formations are finally converted
into larger cavity. It is also evident from the literature survey
that the tensile strength is inversely related to impact strength
(i.e., tensile strength increases impact decreases) because of
existence of brittleness and uneven cavity in fractured sur-
face.

Figure 10 demonstrates the variation in average ultimate
tensile strength (UTS)with varying CSA particles alongwith

123



15566 Arabian Journal for Science and Engineering (2022) 47:15559–15573

Fig.6 SEM with EDX of: a Base metal (N0), b HMMC (N1), c HMMC (N2), d HMMC (N3)
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Fig.7 Effect of percentage composition of reinforcement on hardness
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Fig.8 Effect of percentage composition of reinforcement on impact
strength

Al2O3 particles. The values of UTS were enhanced with
weight percentage of CSA content. As increases the Al2O3

and SiO2 (CSA) content, increases the UTS performances
mostly due to the stress transference from the matrix mate-
rial to the reinforcement particles. This is due to the hard
reinforcement particles which acts as barrier and restricts
generations of the crack propagations which accelerate the
dislocations in HMMCs and it is also called as Orowan
mechanism [33]. The significant enhancement in the density
of dislocation in Al-matrix might be endorsed to enhance
the UTS. The adding of Al2O3 along with CSA in the Al-
matrix leads to increase in grain boundaries. The hindrance
in growth of microcracks is created by significant increase in
grain boundaries, which in turn enhances the strength. The
difference in coefficient of thermal expansion between the

matrix and reinforcement is another reason to generate the
geometrical essential dislocations on interface between the
matrix and nano-reinforcement during the cooling that can
improve strength. Preheating of Al2O3 and CSA particles
in stir casting will increase interfacial tensile strength and
the uniform distribution of reinforced particles in Al matrix.
Moreover, the preheating of dispersed particles incites the
thermal stress development which influences the UTS in
the HMMCs. The coefficient of thermal expansion differ-
ence between matrix and reinforcement is also the cause for
improvement in the value of UTS. A resistance toward ten-
sile force could be recognized by the value of UTS. The
values of average UTS are measured to be 182, 225, 292,
and 276 MPa for sample N0, N1, N2, and N3, respectively.
The N2 specimen was achieved the highest value when com-
pared to the AA7075 alloy. The variations of yield strength
and percentage elongation are also mentioned in Fig. 10.
Highest elongation (28.3%) is obtained for N1 and lowest
(13%) for N3 sample.

Usually the fracture of tensile specimen is classified into
ductile and brittle fracture. Non-homogenous distributions
of reinforced particles in Al-matrix and development of sec-
ondary phases throughout stir casting are the main aspect
which directs the fracture. The uneven dispersal of second
particles indicates the difference in the strain carrying capac-
ity between brittle and rigid dispersed particle (Al2O3-CSA)
and the ductile AA7075 alloy matrix. The tension fracture
investigation of specimen is performed to expose the failure
behavior specifically micro-void coalescence and cleavage
through FESEM images. The transgranular grain boundary
movements in brittle fracture, formed because of a lesser
amount of the micro-void coalescence and plastic deforma-
tion, are produced in the ductile fracture because of neck
formation in specimen. The crack propagations increases due
to transgranular facets through micro-voids and grains coa-
lesce together and contribute to crack when the load is larger
than the UTS [34, 35].

The variation in UTS with addition of CSA along with
nano-Al2O3 is shown in Fig. 12. TheUTS has been increased
for all HMMCs sample when compared with parent AA7075
alloy and the similar facts reported by Embury [36]. This is
because the hybrid Al composite has become tougher with
the significant addition CSA along with nano-Al2O3 par-
ticles. It was purposeful till matrix material can lodge the
reinforced particles without distortion [37]. CSA and nano-
Al2O3 reinforced particles are brittle and hard resulting in
matrix dispersion hardening. Such reinforced particles act
as a secondary phase in matrix alloy and restrict the move-
ments of dislocation and harden the hybrid composite. The
average compressive strength values are measured to be 450,
502, 650, and 645 MPa for N0, N1, N2, and N3 specimen,
respectively.
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Fig.9 SEM fracture surfaces of casting after impact testing: a Base metal (N0), b HMMC (N1), c HMMC (N2), (d) HMMC (N3)

Fig.10 Effect of percentage
composition of reinforcement on
ultimate tensile strength and
percentage elongation
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Fig.11 SEM fracture surfaces of casting after impact testing: a Base metal (N0), b HMMC (N1), c HMMC (N2), d HMMC (N3)
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Fig.12 Effect of percentage composition of reinforcement on ultimate
compressive strength

The effect of variation in reinforcement on flexural
strength is shown in Fig. 13. The flexural strength has been
enhanced after addition of reinforcement when comparewith
base Al-alloy. The elastic modulus along with strength of the
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Fig.13 Effect of percentage composition of reinforcement on flexural
strength

specimens was enhanced with addition of reinforcement by
preventing dislocation movement which result higher value
of flexural strength. The average values of flexural strength
are mentioned in Fig. 13. The values of flexural strength
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Fig.14 Effect of percentage composition of reinforcement on wear rate
with varying load
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Fig.15 Effect of percentage compositionof reinforcement on coefficient
of friction by varying load

enhance for each composite specimen when compared with
base Al-alloy.

Figure 14 shows the graphical representation of wear rate
variation with second-phase particles, whereas Fig. 15 shows
the variation in coefficient of friction with second-phase
particles. The coefficient of friction andwear ratewere calcu-
lated to recognize the compositematerials resistance adjacent
to sliding surface with the new surfaces. A lesser amount of
plastic deformation between the slidingmaterial and a sliding
contact area decreases the wear rate. The plastic deformation
was achieved because of existence of reinforced particles
which reduces the shear stress transfer for the duration of
sliding. Through sliding process oxidation of the metallic

particles takes place and the new layer was created on pin
surface. During sliding action, a layer formed which experi-
ences distortion, spalling, and fracture. A new layer is formed
between amating surfaces present resistance toward the dilu-
tion of contact surfaces [38, 39].

Wear rate gradually decreases for each and every one the
composite specimens when compared among the base alloy.
The coefficient of friction reduces because of the presence of
CSA particles in the HMMCs. The release of soft CSA par-
ticles through wearing action performs as a solid lubricant
which decreases the value of coefficient of friction. Themate-
rial removal takes place because of the microscopic removal
mechanism in rolling or sliding contact, as the pin surfaces
slides on abrasive disk surface. Themicro-cutting andmicro-
plowing phenomena are the main reason of abrasive wear
mechanism. From the literature survey, it is concluded that
in low wear condition, deformation takes place by means of
high wear and micro-plowing condition; deformation takes
place due to the micro-cutting mechanism. In HMMCs, the
evolution from micro-plowing to micro-cutting mechanism
increased the wear resistance against the constant parame-
ters like sliding distance, applied load, and sliding time in the
wear test. A little amount of material displacement and grater
material removal occurs in high wear material. The material
removal takes place in the form of very fine chips because of
micro-cuttingmechanism and displacement ofmaterial takes
place in the form of a micro-edge because of micro-plowing
mechanism. The high wear is seen in the specimen N0 where
there is the absence of reinforced particles. The presence of
nano-size hard ceramic (Al2O3) and micro-size soft particles
(CSA) in the Al matrix has enhanced the wear resistance in
the developed composite specimen. The specimen N2 shows
a minimum amount of wear compared to other composite
specimen.

Figure 16 shows the variation of reinforced particles with
different temperatures on corrosion resistance. The corro-
sion rate gradually decreases with increased weight % of
reinforced particles in Al matrix. The sample N0 shows a
maximum corrosion rate while compared with developed
composite specimens. The surface of specimen gets oxidized
as it is introduced into solution prepared. The oxide film on
the upper surface of each specimen gets breakdown by the
aggressive chloride ions; thus, corrosion produced is greater.
The oxide film gets strengthened with the presence of SiO2,
and thus, further breakdown of layer gets restricted which
confine the further corrosion resistance. The corrosion rate
gets condensed with increased weight percentage of hard
ceramic (Al2O3). The varying thermal expansion coefficient
across the matrix increases the density of dislocation which
can be a cause behind the increased corrosion resistance.
High value of hardness coefficient of N3 specimen is the
reason behind its minimum corrosion rate. These reinforce-
ments work as barrier which in turn checks the corrosion
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Fig.16 Effect of percentage composition of reinforcement on corrosion
resistance

in the composite specimens. The existence of SiO2 in CSA
particles strengthens the oxide film formed on the surface
and restricts the oxide breakdown film layer which enhanced
the resistance toward corrosion. With increase in weight per-
centage of hard ceramic (Al2O3) particles, the corrosion rate
is reduced. The variation in coefficient of thermal expansion
among the Al2O3 and Al-matrix generates superior disloca-
tion density which is accountable for the growth in corrosion
resistance [40, 41]. The minimum corrosion rate is found for
N3 specimen due to its high value of hardness. These rein-
forcements perform as a barrier and restrict the corrosion in
each composite specimen.

4 Conclusions

In the current research work, investigations were done to
understand the influence of percentage reinforced particles
Al2O3/CSA in Al-7075 alloy and summarized the following
conclusions:

(i) Optical micrograph and SEM images expose fairly
homogeneous dispersion of Al2O3 and CSA rein-
forced particles in Almatrix. SEMwith EDX analysis
confirms that the reinforcements are present in devel-
oped hybrid composite.

(ii) Hardness of hybrid composite increased while adding
Al2O3 and CSA reinforced particles in the Al matrix.
The maximum hardness value obtained (142 BHN)
for sample N3.

(iii) Impact strength decreases continuallywith addition of
Al2O3 and CSA particles for every hybrid composite
specimen.

(iv) The addition of Al2O3 and CSA particles increases
the ultimate tensile strength of the hybrid composite,
while it decreases in the N3 specimen. The maxi-
mum value of ultimate tensile strength (292MPa) was
found for N2 specimen.

(v) Transgranular facet, micro-void coalescence, dim-
ples, and cracks were seen in tensile and impact
fractured surfaces.

(vi) The ultimate compressive strength increases with
addition of reinforcements, and it is found that the
rate of increment of compressive strength decreases
for N3 specimen.

(vii) It is observed that the flexural strength increases
and decreases for different weight % of reinforced
particles. The additional amount of CSA particles
decreases the value of flexural strength in N3 spec-
imen.

(viii) Wear rate and coefficient of friction have gradually
decreased for every hybrid composite comparing with
base metal. Maximum wear resistance was found in
N2 specimen.

(ix) Corrosion rate gradually decreased for every hybrid
composite specimen and it was found that the base
alloy has maximum corrosion rate.
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