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The present study focuses on the investigation of mechanical, thermal, and corrosion behaviors of cast
hybrid nano-metal matrix composites of AA7075 with Al2O3 and coconut shell ash (CSA) nano- and micro-
sized particulates, respectively, as reinforcements. Using an ultrasonic assisted stir-casting technique, the
hybrid composites were fabricated using 2, 4, and 6% by weight of CSA and 0.5% by weight of Al2O3 in
equal proportions. SEM, EDS, XRD, porosity, tensile, damping, dislocation density, coefficient of thermal
expansion, and polarization tests were used to characterize four different combinations. The findings
indicated that the nano- and micro-sized particulates were spread evenly in the matrix. The dislocation
density, which is caused by a thermal mismatch between the matrix and the reinforced particles, as well as
composite porosity, have been found to have a significant impact on the damping behaviors of hybrid
composites. Also, the thermal expansion coefficient of HMMCs decreased with the addition of Al2O3 and
CSA. The corrosion resistance was gradually increased by increasing the weight percentage of reinforce-
ment in the AA7075 matrix.
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1. Introduction

Hybrid metal matrix composites (HMMCs) were developed
to improve the performance of composites that were previously
restricted to single reinforcement. In a hybrid metal matrix, two
or more synthetic ceramics are added to a metal matrix.
Carbides, oxides, and borides could be used as ceramic
particles to reinforce the aluminum matrix (Ref 1-3). The most
widely employed reinforcing materials are alumina (Ref 4),
silicon carbide (Ref 5), boron carbide (Ref 6), and graphite (Ref
7), among others. Moreover, aluminum oxide and graphite
particles made from these are more affordable. The desirable
properties, like the flexible coefficient of thermal expansion and
the solid lubricating characteristic, render these reinforcement
particle forms suitable for producing components such as
engine bearings, cylinder liners, pistons, and piston rings (Ref
8-12). The present scenario in the fabrication of hybrid
composite is reinforcing agriculture waste (secondary rein-

forcement) with synthetic ceramic (primary reinforcement) (Ref
9). The broad applicability of such hybrid composites has
attracted the attention of researchers who have designed and
conducted experiments to develop superior and cost-efficient
MMCs. Several good attempts have been made at producing
MMCs from industrial wastes like graphite (Ref 7), fly ash (Ref
6), red mud (Ref 13), and the ashes of agricultural wastes like
bagasse ash (Ref 14), coconut shell ash (Ref 15), corn cob (Ref
16), basalt fibers (Ref 17), coconut shell char (Ref 18), maize
stalk (Ref 19), and rice husk ash (Ref 20). The advantages of
including CSA are ease of access, low cost, low density, and
lower pollution (Ref 21). According to the literature review,
AMCs with CSA play a significant role in the progress of
HMMCs due to their improved mechanical behaviors and
widespread applications in a variety of fields. However,
reinforcing natural ceramic is insufficient to improve the
composite�s quality characteristics. As a result, it’s been
combined with synthetic ceramic to increase mechanical,
corrosion, and tribological properties.

In current scenario, nano-sized reinforcing particulates are
being utilized in the metal matrix nanocomposite (MMnC). The
use of nanoscale reinforced particulates at matrix interfaces
provides a larger surface area, which results in improved
composite properties like fatigue life, mechanical strength, and
creep resistance at high temperatures without any loss of
ductility (Ref 15, 22-25). The sizes, shapes, distribution of
particulates, thermal stability, and hardening mechanism of
nano-reinforcement materials have a significant impact on the
final characteristics of MMnCs (Ref 23). The most difficult
issue in the stir-casting method for processing MMnCs is
achieving uniform reinforcement dispersion. The significant
variability in densities between nanoparticles and molten
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matrix, as well as the significantly higher specific surface area,
results in lower wet-ability. Some authors improve the wetting
properties of nano-reinforcements by combining stir casting
and an ultrasonic effect during casting, which results in
reinforcement agglomeration breaking (Ref 26). In MMnCs,
micro-size ceramic particles are combined with nano-size
reinforcements, and improved results in terms of quality
attributes have been documented as compared to micro-size
particles-reinforced MMCs (Ref 15, 27). Because of their
superior characteristics over single-reinforced composites,
hybrid nano-metal matrix composites (HnMMC) are being
studied by researchers all over the world. To ensure the precise
behavior of such materials, the damping capacity (Ref 28-30),
thermal expansion (Ref 31), and corrosion resistance (Ref 32-
34) must be monitored.

Numerous crucial alloys and metals have limited damping
capacities, making them unsuitable for use in dynamic
structures. Though, by adding reinforced particulates with
better damping capacities to form MMCs, it is promising to get
better damping capability from such materials (Ref 30).
Although the aluminum alloys show low damping behavior,
they are nevertheless used because of their higher strength-to-
density ratio. By adding SiC to AlSi, Madeira et al. (Ref 29)
increased its damping capacity. The reduction in thermal
expansion coefficient indicates superior dimensional stability,
which can be achieved by incorporating reinforced particulates
into AMCs. Several efforts have been made to investigate the
microstructure, mechanical, and wear behavior of various
reinforced particulates included with AA7075 (Ref 6, 7, 9, 11,
15, 26). The coefficient of thermal expansion Al-Mg-AA535
composites reinforced with fly ash was found to reduce with an
enhancement in the content of fly ash. Corrosion of materials is
a serious issue in the aircraft and shipping industries, as it can
occur in a variety of locations throughout the structure.
Localized corrosions such as crevice, pitting, intergranular,
and exfoliation can occur in various parts of AA7xxx series
aircraft. Corrosion is a severe issue in older airplanes;
intergranular (IGC), pitting, exfoliation, and crevice corrosion
are examples of confined corrosion. They arise at various points
in wing structures through AA7xxx (Ref 33).

The novelty of this study is that it looks at the mechanical,
damping, dislocation density, coefficient of thermal expansion,
and corrosion behaviors in depth; these qualities are critical for
materials used in airplanes, automobiles, and ships. This type of
investigation would be extremely beneficial in assisting in the
efficient design of Al7075/Al2O3/CSA hybrid composites as
well as the precise prediction of their mechanical and corrosion
characteristics.

2. Materials and Methods

AA7075 is an imperative material for industrial purposes,
hence its selection as the matrix material. Micro-sized (40-
60 lm) CSA and nano-sized (40-90 nm) alumina particles
were selected for the reinforcement. The chemical analysis of
AA7075 reveals the weight percentage of major elements such
as Zn (5.31), Cu (1.13), Mg (2.12), Si (0.41), Fe (0.52), Mn
(0.29), Ti (0.22), Cr (0.18), and balance Al. The XRF oxide
analysis of CSA particles reveal the weight percentages of main
oxides such as SiO2 (46.35), Fe2O3 (18.80), Al2O3 (20.85),
MgO (13.15), Na2O (0.85), CaO (0.62), ZnO (0.31), and

others. The morphology and particle size of nanoscale Al2O3

powder were determined using a transmission electron micro-
scope (TEM). Approximately 10 mg/L of alumina nanoparti-
cles were immersed in an acetone solution, followed by 4-
5 min of ultrasonic treatment. Figure 1(a), (b), (c), and (d)
shows the TEM analysis of alumina particles and the SEM
analysis of CSA particulates, respectively. Based upon previous
research work, the range of reinforcement (alumina and CSA)
was finalized. The preheated (up to 250 �C) CSA was
ultrasonically assisted stir-cast into the base aluminum alloy
7075 matrix to achieve uniform wettability and homogeneous
mixing, resulting in better bonding among the AA7075 matrix.

Figure 2 shows the experimental setup of the ultrasonic
assisted stir-casting process. As per previous literature (Ref 26),
a preheated mechanical stirrer having a graphite impeller was
used to generate vortex motion in a molten melt to ensure
uniform mixing. At the same time, the preheated (200 �C)
nano-alumina particles were mixed well with pure aluminum
powder and added at a constant feed rate. During the process of
melting, about 10 g of Na3AlF6 was mixed into the molten melt
to avoid slag formation and to enhance the casting efficiency. A
synchronized motor was used to rotate the mechanical impeller
between 500 and 700 rpm during the process of addition. It is
evidence of the homogeneous dispersion of the reinforcement
during the molten melt.

The melt temperature was kept at 800 �C for another 6 min
after adequate stirring of the molten slurry. After dipping a
titanium waveguide into the molten metal and ultrasonically
treating it for 6 min to break up the bigger clusters, the
sonication process was prolonged for another 6 min to remove
any remaining agglomerations, degas, and improve the matrix
grain size. Instantly after the achievement of the addition of the
reinforced particles into the molten melt slurry, it was cast into
the preheated (500 �C) mold of gray cast iron. Three dissimilar
combinations of hybrid composites and AA7075 alloy without
reinforcement were fabricated. Each combination of hybrid
composite contains 0.5% Al2O3 by weight in an equal
proportion. CSA0, CSA2, CSA4, and CSA6 are the codes for
samples with 0, 2, 4, and 6 weight percentages of CSA,
respectively. A wire electro-discharge machine (WEDM) was
used for the fabrication of the test specimen.

2.1 Metallographic Studies

OM and SEM were used to examine the microstructure of
the produced samples at the micron level. Polishing is
performed on the prepared samples by global metallurgical
processes. The next step is an etching, which is done with
Keller’s reagent on all of the samples. Optical metallographic
and SEM images were analyzed to examine the finished
surfaces. EDS and XRD analyses have been done for
confirmation of the existence of constituent phases and
elements in the developed composite.

2.2 Mechanical, Damping, Thermal and Corrosion Tests

Experimental density was determined by the Archimedes’
principle. In this method of density measurement, the specimen
is weighed in air and another fluid of known density. The rule
of mixture (ROM) method was used to find the experimental
and theoretical densities. The variation of theoretical density
and experimental density gives the porosity in the fabricated
composites. A universal testing machine (UTM) was employed
to examine the tensile behaviors of the developed hybrid
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composite for tensile response. The samples were prepared as
per the ASTM-E8 standard, and the tensile test was done under
room temperature at 100 kN. The elongation of specimens was
tested in an additional test at a uniform strain rate of 0.25 mm/s.
On each combination, four tests were done, and the average
value of the ultimate tensile strength (UTS), elastic modulus
(E), and ductility test findings was used in the computation.
Using a 3-point bending machine, the damping behavior of as-
cast composites was investigated (i) with varying loading
frequencies (5-20 Hz) at constant strain (2.5-6 m) and (ii) with
varying temperature in the range of 20 to 200 �C by using a
constant heating rate and cooling rate of 5 and 8 �C/min,
respectively. The damping behaviors were measured using a
specimen with dimensions (60 mm 9 10 mm 9 2.5 mm).
Each sample�s damping capacity was calculated in terms of
tan d (Ref 30). The coefficient of thermal expansion (CTE)
computed by the thermal–mechanical analyzer (TMA) of the
fabricated hybrid composite specimens. A load of 0.05 N was
applied to perform thermal expansion measurements in the
temperature range of 25-275 �C under a nitrogen gas atmo-
sphere. Corrosive solutions were made with 35 g of sodium
chloride solution in 1 L of distilled water. The dimension of

corrosion sample is (9 9 9 9 9) mm3 in size, and it is
metallographically polished to produce an electrode. In a 3.5%
sodium chloride solution, the samples were evaluated for 5 h
and 7 days. To find out the corrosion nature of the specimens,
the linear potentiodynamic polarization (LPP) method was used
(Ref 33). In the presence and absence of inhibitors, AA7075
and hybrid composite specimens were tested using anode and
cathode polarization in sodium chloride solution. The corrosion
potential, linear polarization resistance, and corrosion current
were calculated.

3. Results and Discussion

3.1 Microstructural Study

Figure 3(a), (b), (c), and (d) depicts the microstructure of
monolithic alloy AA7075 and Al2O3/CSA-based hybrid com-
posite specimens. The homogeneous dispersion of reinforced
particles in the matrix is depicted in Fig. 3(b), (c), and (d). The
intermetallic phases like MgZn2, Mg2Si, Al13Fe4, and Al2-
CuMg may be formed during the solidification of AA7075 (Ref

Fig. 1 (a), (b) TEM analysis of nano-alumina powder and (c), (d) SEM morphology of CSA particulates
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9). Figure 3(a) depicts the homogeneous distributions of
MgZn2 phase with fine grain. The maximum level of porosity
is clearly shown in Fig. 3(d). Grain refinements occur as the
percentage of reinforcement increases, as shown in Fig. 3(c)
and (d).

SEM imaging of AA7075 and developed composite spec-
imens is shown in Fig. 4(a), (b), (c), and (d). The existence of
nearly continuous intermetallic phases in the inter-dendritic
zones is revealed by a SEM micrograph of the monolithic alloy
(Fig. 4a). The critical analysis of the inter-dendritic region
reveals the creation of at least two distinct types of intermetallic
phases, one with bright contrast and high Zn content, and a
different with shaded contrast and low Zn content but high Cu
content. In the base alloy 7075, the formation of b-phase or
secondary phase was discovered. However, this period was

limited (Ref 35). As shown in Fig. 4(b), the AA7075 matrix
had a homogeneous distribution of nano-sized Al2O3 and
micro-sized CSA particles. Moreover, the fabricated composite
has very few defects that recognize the interface of reinforced
particulate and matrix. Furthermore, the SEM spectra in
Fig. 4(c) and (d) confirmed that there is a slight indication of
accumulation or clustering of Al2O3 and CSA particulates in
the developed composite, which proved a sound casting
process.

Figure 5(a), (b), (c), and (d) shows the EDS analysis of
composites CSA2, CSA4, and CSA6, which confirm the
presence of alloying elements and reinforcement (Al2O3 and
CSA). The peaks of Al, Zn, Si, O2, and Fe, etc., are detected in
energy dispersive spectra, which are evidence of the presence

Fig. 2 Experimental setup of ultrasonic assisted stir-casting
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of Al2O3 and CSA. EDS spot analysis confirmed the absence of
Al4C3 phases.

The nominal composition of the AA7075 matches the
elemental analysis of the dendritic zone. Furthermore, the
elemental mappings of the AA7075/Al2O3/CSA hybrid com-
posites are shown in Fig. 6(a), (b), (c), (d), (e), (f), and (g),
demonstrating the homogeneous dispersion of the reinforcing
and alloying elements.

Figure 7 depicts the XRD patterns of both the monolithic
alloy and the AA7075/Al2O3/CSA hybrid composite. MgZn2,
Al2CuMg, and a slight fraction of Al8Fe2Si intermetallic phases
are confirmed by XRD studies in the cast materials. During the
casting of AA7075, MgZn2, and Al2CuMg intermetallic phases
form naturally. For Al 7075 alloy, the Al8Fe2Si intermetallic
phase is considered an inclusion, and precipitation of this phase
in the base alloy has previously been reported (Ref 35). The
existence of substantial amounts of SiO2 and Al2O3 in the XRD
profile is also evident in the occurrence of CSA and Al2O3 in
the developed composite. There are no traces of secondary
elements forming, indicating that the composites were success-
fully cast. It can only be achieved by carefully controlling the
casting process parameters of reaction duration, reaction
temperature, and melt stirring time.

3.2 Density and Porosity

The theoretical density was measured by the ROM, and the
actual density was calculated by the Archimedes principle. The
difference between theoretical density and actual density gives
the porosity of the hybrid composites. The well-known
densities of the AA7075 matrix, Al2O3, and CSA particles
were 2.81, 3.97, and 1.65 g/cm3, respectively. Figure 8 depicts
the change in density with the weight percentage of reinforce-
ments. The density of hybrid composites depends on the
fractional arrangement of the number of atoms per unit volume.
Moreover, the density-determining function is also how the
atoms are arranged in the lattice (Ref 36). It is observed from
the reading that the porosity level is between 2 and 4% for all
hybrid composites. This is confirmation of the exposition of a
lesser amount of porosity in the hybrid composites.

3.3 Tensile Response

When compared to the alloy, the UTS of the sample (CSA4)
improved by 57.54%, but it was quite low for the composite
(CSA6). The UTS improved from composite (CSA2) to
composite (CSA6) before dropping to composite (CSA6).
The summary of base alloy and hybrid composite of tensile test
specimens is tabulated in Table 1. In composite (CSA2), the
percentage elongation increases by 21.91%. The strength of the
developed composite outperformed that of the AA7075 matrix

Fig. 3 Optical metallographic images of (a) AA7075, (b-d) composite specimen CSA2, CSA4 and CSA6, respectively
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due to the increased number of reinforcements. The engineering
stress and strain behaviors of as-cast hybrid composites are
shown in Fig. 9(a). The variation of UTS, E, and percentage
elongation with a weight percentage of reinforcements is shown
in Fig. 9(b). The formability, however, was hampered. Partic-
ulate agglomerations were detected in the sample (CSA6). This
might explain why the tensile strength of that composite has
decreased.

The elastic modulus (E) describes how stiff a material is
inside the elastic limit, and the sample (CSA6) is stiffer inside
the elastic region. And, because UTS indicates how much force
a material can withstand before forming a neck, the composite
specimen (CSA4) is the most load-bearing of the entire
composite (Ref 37). The percentage elongation represents the
ductility of a material; the hybrid composite (CSA2) is more
ductile.

The elongations were seen to be reduced with a high content
of reinforced particulate, reflecting that the ductility of hybrid
composites is decreased. The homogeneously distributed
reinforced particulates offer the resistance toward dislocation
movement consequently the tensile strength of the hybrid
composites was improved as reported by Orowan strengthening
criteria (Ref 38). The higher grain fineness results in the

additional ductility of the composite material. Due to the larger
disarray of the lattice, grain refinement was used to resist
dislocation movement, resulting in higher yield strength of the
material (Ref 39). The higher the restriction, the more particles
that can be present, and the particle size can be lowered to the
nanoscale, as in this study. The UTS of the hybrid composite
(CSA6) is improved up to 57.5% as compared to base AA7075.
Kumar et al. reported similar results when combining CSA and
ZrO2 reinforcement particles to produce a hybrid composite by
stir casting (Ref 40).

Figure 10 shows the fracture morphology of base alloys and
hybrid composites at various Al2O3 concentrations along with
CSA particle concentrations. Numerous voids are equally
dispersed across the fracture surface of the aluminum alloy
AA7075, as shown in Fig. 10(a). The presence of deep voids
suggests the fracture is ductile. The association of many voids
inside the fracture surface specimens is reduced, as shown in
Fig. 10(b), (c), and (d). In comparison with an unreinforced
alloy, the voids are smaller. The grain refinement caused by the
Al2O3 and CSA particles can be attributed to the smaller voids.
The tensile fracture is caused by the crack initiation starting
from voids and its consequent propagation, as indicated by the
fracture morphology. As the crack propagates, it limits the

Fig. 4 SEM images of (a) AA7075, (b-d) hybrid composite specimen
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reinforcement by preventing the grain boundary from precip-
itating. The cleavage facets are formed as a result of the tensile
force, which contributes to the specimens� failure (Ref 40-42).
The presence of ductile shear bands on the fracture surface
indicates that the composite retains ductility to a certain extent.
On the fracture surface, a considerable number of fragmented
CSA particles can also be seen, indicating excellent interfacial
bonding.

3.4 Damping Behaviors

The damping capacity of the AA7075 was found to be
0.00539 at 1 Hz, indicating low damping. It was also seen that,
as the frequency increased, the damping capability increased.
Figure 11 depicts the fluctuation of damping capability with
frequency for various weight percentages of reinforced parti-
cles. It can be seen from the graph that the damping capacity
improves as the weight percentage of reinforcement increases.
For every hybrid composite, a rising trend in damping capacity
has been seen with rising frequency. Also, the damping
capacity of the CSA2 sample shows similar tendencies to that

of the base alloy, but with no substantial increase in damping
capability. According to the literature, the damping capability
of composites is higher than that of single-reinforced compos-
ites. A comparison of the damping capabilities of rice husk ash-
reinforced Al composites (Ref 43) and hybrid composites was
done to explain this trend. For each investigation of a different
combination of reinforcement, hybrid composites have a higher
damping capacity. A comparison of the damping capability of
SiC reinforced aluminum composites (Ref 30) and AA7075/
Al2O3/CSA hybrid composites was also done.

The ratio of the loss modulus to the storage modulus is
called damping capacity. This relationship indicates that an
increase in the value of the loss modulus or a reduction in the
storage modulus will enhance the damping capacity. CSA
addition reduces storage modulus, as shown in Fig. 11(b),
especially for composites containing 4 and 6 weight percent of
CSA. With increasing temperature, the storage modulus
decreases as the bond strength decreases. The loss modulus
increases with temperature as well as with Al2O3 and CSA
additions. The temperature dependency of the elastic modulus
explains the primary drop in storage modulus. The lower the

Fig. 5 (a-d) EDS analysis of AA7075/Al2O3/CSA hybrid composite
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frequency, the greater the reduction in storage modulus with
temperature, as well as the transfer to elevated temperatures of
the inflexion and confined utmost as frequency rises, indicating
an Arrhenius-type relaxation rate behavior and indicating that
the mechanical relaxation time decreases as temperature rises.
At higher temperatures, the excitation frequency has a greater
impact on the storage and loss moduli (Ref 44). Since the
reinforcements are stiffer than the AA356 matrix and may
promote precipitation hardening, the aluminum matrix com-

posite is stiffer than the AA356 matrix. When compared to
most of the materials investigated, the AMC�s quick fall in
storage modulus begins at a higher temperature, making it one
of the most stable. Moreover, the precipitates and reinforce-
ments pin the grain boundaries, and the normal relaxation peak
in the matrix due to grain boundary segregation is censored in
the AMC (Ref 45). Although adding 0.5 weight percent CNTs
to AZ91D reduces its damping capacity at room temperature,
adding 2 weight percent CNTs improves its performance.

Fig. 6 (a-g) Elemental mapping of AA7075/Al2O3/CSA hybrid composite
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Fig. 7 XRD analysis of AA7075/Al2O3/CSA hybrid composite

Fig. 8 Density variation of all specimens
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Furthermore, regardless of the amount of CNT added, the high-
temperature damping capacity improves when compared with
the base aluminum alloy (Ref 46). Based on these results, it is
possible to conclude that the addition of Al2O3 and CSA
reduces the storage modulus while increasing the loss modulus.
The combined action leads to damping enhancement.

3.5 Dislocation Density and Coefficient of Thermal
Expansion

The strengthening of metal matrix composites has been
explained by a variety of mechanisms and theories. Though the
strength of a composite is not determined by a single
mechanism, but by a combination of mechanisms. The
strengthening mechanism in this study is mostly due to an
improved dislocation density caused by a temperature differ-
ence between the reinforcement and matrix. MMCs are
characterized by a huge difference in the CTE of the
reinforcement and the matrix (CTEAA7075 = 23.6 9 10�6/�C,
CTEalumina = 10.3 9 10�6/�C and CTECSA = 0.12.8 9 10�6/
�C). Thermal stresses are generated within the matrix as a result
of even minor temperature changes. These stresses may be
reduced in part by dislocation generation near the interfaces due
to work hardening that causes dislocations to occur during the
cooling of a composite, which are immobilized at the particle–
matrix interface and have a high hardness that diminishes as
distance from the interface increases. As a result, the generated
dislocation density may be relatively significant at the interface.

The thermal expansion coefficient of composites is well
known to be dependent on a number of material parameters,
including composition, reinforced particulate volume fraction
and distribution, matrix microstructure, in addition to residual
stresses caused by CTE mismatch, volume fraction, interface
strength, and porosity (Ref 47). Due to these parameters, the
CTE of hybrid composites is difficult to estimate. Nevertheless,
there are some analytical methods for predicting the CTE of
hybrid composites, including simple mixture rules and thermo-
elastic energy principles, for example the Turner and Kerner
models (Ref 48).

According to the foregoing calculations, as the proportion of
reinforced particles raises, the dislocation density increases
from 14.2 9 1011 to 25.7 9 1011 m3/Kg. The dislocation
densities for the developed composites were computed using
Burgers vector assumption of 0.32 nm for aluminum. Fig-
ure 12(a) and (b) depicts the variation of thermal expansion
coefficient of each sample with a varying weight percentage of
Al2O3 and CSA and in the ranges of temperature from 25 to
200 �C, respectively. The enhancement in CSA particle content
along with an equal proportion of alumina tends to decrease the
CTE of a developed composite.

The hybrid composites have a lower CTE value as compared
to base AA7075. Al2O3 and CSA are ceramic materials with
low values of CTE. When these reinforcements are incorpo-
rated into the base alloy matrix, it is expected that the values of
CTE in hybrid composites will decrease. Aluminum alloys�
high CTE value causes dimensional instability as temperature
rises. This makes it unsuitable for end applications like

Table 1 Summary of tensile response of base alloy and hybrid composite

Specimen Elastic modulus, E, GPa Ultimate tensile strength, UTS, MPa Elongation, %

CSA0 56.42 ± 0.50 203 ± 6 21.67 ± 0.25
CSA2 67.06 ± 0.47 251 ± 8 26.42 ± 0.22
CSA4 75.85 ± 0.53 403 ± 9 30.31 ± 0.28
CSA6 72.31 ± 0.49 348 ± 5 23.21 ± 0.23

Fig. 9 (a) Engineering stress strain behaviors, (b) Variation of ultimate tensile strength, elastic modulus, percentage elongation of hybrid
composites
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electrical and electronic packaging. However, by combining
reinforcements with AA7075, one can customize the CTE to
meet the needs of various industry applications. Ten readings
were undertaken for each sample. The result shows the efficacy
of hybrid composites is higher and more dimensionally
stable than base alloys in relation to changes in temperature
(Ref 49). The coefficient of thermal expansion of hybrid
composites is influenced by the particle size, the thermal
expansion mismatch between matrix and reinforcement, and
interfacial reactions.

3.6 Corrosion Behavior (Polarization Curves
of Potentiodynamic Analysis)

Figure 13(a) shows the Tafels plots of the polarization curve
for AA7075 monolithic alloy and hybrid composites. To
investigate the corrosion dynamic layer on the projected
surface, the specimens are immersed in a 3.5% sodium

solution. With the inclusion of alumina and CSA particles,
the potential became further negative, along with the current
density dropping, as seen in Fig. 13(a). As a result, it was
demonstrated that adding alumina and CSA particles to the
AA7075 matrix increased corrosion resistance. The corrosion
behavior was investigated by Kenneth and Olubambi (Ref 20)
for an Al-Mg-Si matrix composite and it was found that rate of
corrosion decreases with addition of rice husk ash and alumina
in a 3.5% NaCl solution. The corrosion characteristics of the
composites allegedly declined as the weight percentage of rice
husk ash increased, owing to rice husk ash’s lower density
(0.3 g/cm3). The potentiodynamic polarization curve depicts a
decrease in current with an increase in potential in the negative
direction. Loto and Babalola (Ref 50) reported similar results
and well established with the explanation of reporting the
corrosion behavior of Al1070 silicon carbide matrix compos-
ites.

Fig. 10 Fracture morphology of AA7075/Al2O3/CSA hybrid composite: (a) CSA0 sample, (b) CSA2 sample, (c) CSA4 sample, and (d) CSA6
sample
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The current density of corrosion dropped from 1.54 to
1.51 mA/cm2 when Tafel polarization curves were plotted,
confirming that adding 4 wt.% CSA along with 0.5 wt.%
Al2O3 to AA7075 hybrid composite improves its corrosion
resistance rate. There is a slight decrease in corrosion resistance
for 6 wt.% CSA composites, which is seen in Fig. 13(a).

As shown in Fig. 13(b), inferior corrosion rates are related
to the phase of intermetallic and the amorphous nature of
reinforced composites. All cast samples have a semi-circular
capacitive arc, as seen in Nyquist plots; however, there are
variances in the diameter of the semi-circular arc between base
alloys and hybrid composites with various and the same
exposure times, respectively. The diameter of the semi-circular
arc is known to reflect the corrosion resistance of the
composites, with a bigger diameter suggesting stronger corro-
sion resistance, as reported by I. Oztürk et al. (Ref 51). The

reinforced composite degradation rate reduces as the amount of
CSA in the composite increases. Y. Ma et al. investigated
whether the corrosion of the test alloys deteriorated first and
then improved to some degree when the exposure period in the
sodium chloride solution was increased. The production of
Al(OH)3/Al2O3 and corrosive layers on the specimen surfaces
may be ascribed to the oxide layer lying on the specimen
surfaces, the deterioration of the oxide layer for the duration of
exposure in the sodium chloride solution, and the formation of
Al (OH)3/Al2O3 and corrosive layers (Ref 52). The rate of
corrosion resistance of AA7075 alloy was considerably boosted
by the accumulation of various weight percent (2, 4, and 6) of
CSA along with 0.5 wt.% of Al2O3 particles, as shown by
Tafels plots. The corrosion rates of the as-cast specimens after
30 days of immersion in the 3.5 weight percentage sodium
chloride solution are shown in Fig. 13(c). Samuel et al. studied

Fig. 11 (a) Variation of damping capacity with frequency at room temperature and (b) variation of storage modulus with temperature of each
sample

Fig. 12 (a) Variation of thermal Expansion coefficient of each sample at room temperature, (b) Thermal Expansion coefficient of each sample
with varying temperature

9274—Volume 32(20) October 2023 Journal of Materials Engineering and Performance



corrosion behaviors of Al based composite and reported similar
findings, recommending that corrosion studies of aluminum
matrix composites in warm and cold conditions (except
ambient temperature) be studied. This will expand their use
as ship hauls, heat exchangers, and sacrificial anodes for
underground pipeline protection in settings with varying ion
concentrations (Ref 53). SEM and EDS analysis were used to
analyze the surface morphology of AA7075 Al2O3/CSA hybrid
composite MMC after corrosion studies. SEM micrographs and
EDS analyses of corroded samples are shown in Fig. 14(a), (b),
(c), and (d). The deterioration of aluminum alloys with
(Al2O3 + CSA) is clearly caused by a regular attack in a 3.5
weight percentage of sodium chloride solution. After corrosion
testing, the AA7075 sample shows pits, minor cracks, and deep
precipitates, all of which indicate simultaneous metal loss on
the sample surface. Because the AA7075 contains no reinforc-
ing particles, the aluminum monolithic alloy becomes weaker,
making it more susceptible to crack and pit formation. The
particles of Al2O3 and CSA in MMCs stopped a 3.5% NaCl
solution from attacking them. As shown in Fig. 14(b), (c), and
(d), reinforcement in the presence of particulates improves

corrosion resistance in composite specimens. The protective
layer of corrosion is created on the AA7075/Al2O3/CSA hybrid
composite surface, according to the SEM pictures.

4. Conclusions

The current study proposes the development of a hybrid
MMC with nano-sized Al2O3 and micro-sized CSA as rein-
forcing particles. The ultrasonic assisted stir-casting process
was used to fabricate the aforementioned composite. Based on
the analysis of mechanical and thermal properties and the
microstructural characterization of the cast hybrid MMC
samples, the following conclusions have been made:

• Ultrasonic assisted casting played a key role in the uni-
form distribution of the nano-Al2O3, and the sample
CSA4 had the maximum tensile strength, with a 59.5% as
compared to AA7075 due to lesser amount of porosity.
Whereas, the maximum porosity of around 3.8% was

Fig. 13 (a) Potentiodynamic polarization curve, (b) Nyquist (Z¢ vs. Z¢¢) of electrochemical spectrographs and (c) Comparison of corrosion rate
of as-cast specimens
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Fig. 14 SEM and corresponding EDS analysis of (a) AA7075, (b-d) hybrid composite specimen

9276—Volume 32(20) October 2023 Journal of Materials Engineering and Performance



found for the composite sample CSA6, which contained
6% by weight of CSA particles.

• The frequency-dependent damping capacity of stir-cast
composites significantly increased with the variation of
weight percentage of CSA. Sample CSA6 exhibited about
2 times better damping at 5 Hz, as compared to the base
alloy. The significant improvement in damping behaviors
is because of grain refinement along with homogenous
dispersion of Al2O3 and CSA.

• The dislocation density increases as the reinforcing con-
tent increases, and it has an inverse relationship with CTE
values.

• The inclusion of Al2O3 and CSA particles in AA7075 re-
duced the corrosion rate when exposed to potentiody-
namic polarization. Hybrid composite CSA6 possesses
better corrosion resistance. From Nyquist plot, it was also
confirmed that the addition of Al2O3 and CSA particles
increased the corrosion resistance of the hybrid composite.
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