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Abstract. With a high strength-to-weight ratio, the AZ91 grade magnesium alloy is essential in various
engineering applications like automotive, aerospace, marine, and defence. The main drawback of magnesium
casting has oxidation results in agglomeration, slag formation, and voids. The present investigation of the liquid
state vacuum stir cast process under an inert atmosphere was utilized to prepare AZ91 alloy nanocomposites
with 0, 3, 6, 9, and 12 wt% of nano-zirconium dioxide (ZrO,) particles. The microstructure elemental com-
position of the developed composites was subjected to SEM/EDS analysis. The effect of ZrO, nanoparticles on
the composite’s physical, mechanical, wear, and corrosion properties was studied. The composite’s actual
density obeys the mixture’s rule and is found to be lightweight compared to conventional materials. The
composite contained 9 wt% of ZrO, and showed the maximum micro Vickers hardness number
(96.71 £ 1.05 HV), ultimate tensile (281 £ 1.1 MPa), and impact strength (20.61 J). The higher content of
ZrO, offered good wear resistance (value) under 40 N at 1 m/sec sliding speed compared to unreinforced cast

AZ091 alloy and facilitated higher corrosion resistance of 3.23 mm/year.
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1. Introduction

Magnesium alloy-based matrix materials were found as
potential materials for various industrial applications due to
their high strength-to-weight ratio, superior dimensional
stability, low density, defect-free castability, good electrical
and thermal conductivity, and vibration damping properties
and also gathering importance in bio-implant application
due to their superior biodegradation and physical affinity
for bone tissue compared to some other metallic elements
[1, 2]. Moreover, magnesium and its alloy were drawbacks
of low corrosion resistance and were not adopted for
biodegradable implants [3, 4]. To overcome the demerits,
surface treatment like the Pulsed-electro deposition method
(PED) was adopted and reported that the corrosion resis-
tance of magnesium alloy (AZ31) was improved [5].
Extrusion [6, 7], and alloying technique [8]. The magne-
sium alloy combinations like Al/Zn gathered significance in
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the positive corrosion approach under the NaCl environ-
ment [9].

However, poor corrosion behaviour is observed in AZ 91
alloys due to micro galvanic corrosion and Ni, Fe, and Cu
metal impurities [10]. In addition, using manufacturing
processes such as extrusion, magnesium materials have a
fine-grained, relatively uniform micro-structural with
improved resistance to corrosion. The combinations of soft
matrix and hard reinforcement phases found enhanced
mechanical, tribological, and corrosion properties reported
by Ghasli et al [11] and based on the report by Venkatesh
et al [12] studied the Characterization of Mechanical
Properties of AA8014 4 Si;Ny/ ZrO, Hybrid Composites
by Stir Casting Process.

Moreover, the interaction of varied preparation tech-
niques, variations in the solidification process, and coatings
can influence the microstructural interactions and result in
significantly different electrochemical behaviour. In high-
strength applications in the automotive and aerospace
industries, MMCs are crucial. The work of ZE41A confirms
that the ceramic reinforcement increases the alloy’s
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mechanical and corrosion behaviour [13]. Also, the
homogenous distribution of reinforcements enhances sur-
face properties (tribological properties) [14]. The AZ91
alloy shows a 1.2 mm/year corrosion rate, whereas the
corrosion rate of AZ31 is 1.1 mm/year [15]. The Mg metal
matrix composites were optimized, and optimal parameters
for stir casting and machinability were identified [16, 17].
The demand for magnesium alloy-based lightweight
materials was increased progressively in various applica-
tions due to light and specific strength compared to tradi-
tional materials like aluminium and titanium. In the past
decades, ceramic-based (Al,O5, B4C, SiC, TiC, CNT, and
ZrO,) reinforcements were employed in prior studies on
AZ91 alloys [18-21].

Among the various reinforcements, zirconium dioxide
(ZrO,) has a high elastic modulus, low friction, and a high
melting temperature. Because of these properties, there are
numerous instances where ZrQO, has been used as rein-
forcement in specimens with magnesium matrixes. So, the
work is framed to analyze the effect of nano ZrO, on AZ91
alloy. It is known that nanoparticles significantly influence
the behaviour of any composites. Obtaining experiments on
nanocomposite reinforced with nano ZrO, and AZ91 is
challenging. According to prior research findings,
AZ91 + ZrO, composites’ mechanical and corrosion
behaviour has yet to be thoroughly reviewed.

2. Materials and methods

2.1 Matrix and reinforcements

Magnesium alloy AZ91 grade is chosen as the matrix
material due to its enhanced mechanical properties, ease of
casting, dimensional stability, and good thermal behaviour
[22]. The primary constituents of AZ91 alloy are 9.2% of
Al, 0.45-0.8% of Zn, 0.17-0.5% of Mn, and 90% of Mg.
The 50 nm-sized zirconium dioxide (ZrO,) particles
were selected as the reinforcement phase. Generally, ZrO,
particle has high structural stability, hardness, and wear
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resistance [23]. The AZ91 alloy and ZrO, microstructural
images are shown in figures 1(a) and 1(b).

2.2 Fabrication of AZ91 alloy nanocomposites

The synthesis of AZ91-ZrO, nanocomposite is called the
liquid state vacuum stir cast process due to its simplicity,
ease of operation, ability to produce any complex shape,
and economical mass production [24].

The representation of matrix/reinforcement, the actual
experimental setup of the vacuum stir casting process, and
the developed composite is shown in figure 2. Primarily,
five composite specimens were fabricated with and without
reinforcements. Constitutions are tabulated in table 1. The
nano ZrO,-reinforced composites were found to improve
compressive characteristics, strength, toughness, and den-
sity wear resistance [25].

Based on table 1, the matrix and reinforcements are
weighted. The AZ91 alloy ingots are placed in a graphite
crucible and heated to 850°C under an inert atmosphere. It
is significantly greater than the temperature to melt the
AZ91 at 650°C, which helps to increase the solubility.

The reinforcement of the ZrO, (3, 6, 9, and 12%) was
also externally preheated into the muffle furnace at 850°C.
Additionally, ZrO, is placed in different containers and
preheated to 850°C in a furnace. Finally, heated and pre-
heated matrix and reinforcement were added to the 500°C
as a semi-solid mould cavity. The molten magnesium
material reached after 900°C is taken into account, adding
10g of degasser to remove impurities and prevent oxida-
tion. However, nanoparticle ZrO, is preheated before
addition.

A mechanical twin-blade stirrer was inserted into the
crucible furnace in vertical directions. The mixture is
designed to actuate at a speed of 450 rpm. After liquefac-
tion, the mould dies were preheated to 500°C to reduce the
possibility of deformation, shrinkage, and blow holes. The
unreinforced cast AZ91 alloy and the nanocomposites of
the defined composition (table 1) were prepared. The

Figure 1.

Scanning electron microscope micrograph of a) AZ91 and b) ZrO,,
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Figure 2. Fabrication of (AZ91)

nanocomposites.
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Table 1. Compositions/weight of matrix/reinforcements

Weight in grams

Composites AZ91 710,
AZ91-as cast 1500 0
AZ91-3% ZrO, 1455 45
AZ91-6% ZrO, 1410 90
AZ91-9% ZrO, 1365 135
AZ91-12% ZrO, 1320 180

molten magnesium matrix was mixed with reinforcing
phase ceramic nanoparticles before being heated to 850°C
in a furnace. The furnace was raised to 850°C. After
reaching the desired temperature, the continuous stirrer of
450 rpm evenly dispersed the reinforcements within the
furnace. The continuous stirring action was maintained for
10 minutes at a constant temperature to ensure the uniform
distribution of reinforcement in the AZ91 matrix. Finally, a
pressure of 0.1 MPa was applied, and the cast was devel-
oped as a cylindrical rod (50 mm diameter), as shown in
figure 2.

2.3 Characterization of developed composites

2.3.1 Measurements of density and porosity Based
on the principle of Archimedes and the rule of mixture,
composites’ actual and theoretical density was measured.

Page 3 of 10 188

Equation 1 and 2 represents the experimental (actual) and
theoretical density measurement. The percentage of
porosity volume of each specimen was estimated based
on Eq. (3).

Mgy

P Experimental — |: :| XPyater ( 1 )

Majr—Myater
where vz the density of water (0.998 g/cm? at 20°C) and
mass of the specimen were represented in air and water by
My and My, respectively.

PTheoretical = PAZalloy WAZalloy + Pzro, WZVOZ (2)

where W and p are the weight fraction and density.

porosityin% = (1 - pEXpmmemal)xlOO (3)
PTheoretical

2.3.2 Measurement of mechanical properties The
developed composites’ hardness was evaluated during the
402MVD model micro Vickers Hardness testing Machine
followed by ASTM384 standards. The specimens were
prepared to get smooth flat sand polished specimens loaded
at 300 g for 10 seconds. Three trials from each specimen
were tested for average hardness values noted as mean;
same trend, tensile behaviour of AZ91 alloy and its
composites was performed according to ASTM ES8-M09,
and its dimension is 100 mm x 10 mm x 6 mm. The
Charpy impact machine is used to determine the impact
strength of the composite. Tests have been carried out on a
specimen with dimensions of 10 mm x 10 mm x 55 mm
and 2 mm depth with a V-notch of 45° angles.

2.3.3 Measurement of wear properties The wear
behaviour of developed AZ91 alloy composite with and
without ZrO, is studied by hardened steel counterface
attached with Ducom pin on disc wear testing machine with
an applied load of 10, 20, 30, and 40 N under a 1 m/sec
sliding velocity. The ASTM G99 standard follows it.

2.3.4 Electrochemical corrosion test The synthesized
AZ91 alloy and its composites were prepared by the
dimensions of 10 mm x 10 mm x 3 mm were prepared
from the cast block. The specimens were blended using
various silicon carbide waterproof abrasive sheets and
continued to use acetone, and an ultrasonic cleaner. The
three-electrode systems like platinum as the cathode,
saturated calomel electrode (SCE) as the positive
reference electrode, and work material as the anode. The
composite’s open circuit potential (OCP) has been tested
for a minimum of 60 mins or until the stable potential. The
sweep orientation was also changed to the complete reverse
electrode direction when the current density attained
2 mA/cm?®.  Electrochemical impedance —spectroscopy
(EIS) was carried out on the revealed OCP moral
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A)

Figure 3. SEM-EDS micrograph and spectrograph of developed composites a) AZ91/0wt% ZrO2, b) AZ91/3wt% ZrO,, c) AZ91/6wt%

Zr0,, d) AZ91/9wt% ZrO,, e) AZ91/12wt%. ZrO,
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Figure 4. Density and porosity level of developed composites.
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Figure 5. Micro Vickers hardness of developed composite.
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Figure 6. Stress-strain plot for developed composites.

standards using an oscillation of 20 mV in an intensity
spectrum of 1 x 107> Hz to 1 x 1072, Results from
individual electrochemical corrosion tests using a Gamry
reference 600 tool mechanism were performed in a 3.5%
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Figure 7. Charpy impact strength of developed composites.

NaCl solution representing extreme possible environmental
conditions.

3. Results and discussion

3.1 Scanning electron microscope with EDS
spectrograph

The scanning electron microscope with EDS images of
unreinforced and different weight percentages of ZrO,.re-
inforced AZ91 alloy nanocomposite is shown in fig-
ure 3(a—e). Figure 3(a) represents that varying the casting
technique significantly affects the shape and morphological
properties of secondary phase particles in the AZ91
composite.

The detailed EDS illustration shows the various peaks
and found Mg is the major peak. Figure 3(b) reveals the
uniform distribution of ZrO, nanoparticles in the AZ91
matrix and found few slags due to the melting point tem-
perature of AZ91. It was due to improper stir speed. Sim-
ilarly, the EDS represent the minor peak for oxide
formation. The inert atmosphere helps to reduce oxidation
during the melting of AZ91. In AZ91/ZrO, composite, the
appearance of equiaxed grains confirmed that the reinforced
ZrO, particles contribute to heterogeneous nucleation,
which significantly influences the grain structure, as shown
in figure 3(c).

The selection of reinforcement, process, and its param-
eter decided the distribution of reinforcement [26]. It was
observed from figure 3(d) that the structure has a homo-
geneous distribution of ZrO, particles, and there is no
evidence for agglomeration, which shows the wettability
nature between the matrix and reinforcements. It has no
agglomeration or reduction of ZrO, nanoparticles in the
molten metal, which ensures better wettability of the matrix
alloy and its reinforcement.
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Figure 8. Wear rate of developed composites under 1 m/sec
sliding speed.

3.2 Density and porosity of composites

Figure 4 shows details of the actual density, theoretical
density and porosity of the composites containing 0, 3, 6, 9,
and 12 wt% of nano-ZrO,.

The increase in densities is observed with an increase in
the weight percentage of ZrO, proving their rule of mix-
ture. AZ91 nanocomposite can be observed as free of
casting flaws because the porosity level is less than 5%. But
the variations in (actual) experimental and theoretical
density may be due to the impurities in raw materials.

It was varied due to casting defects or air entrapment
inside the composite [27]. The AZ91 alloy with 12% ZrO,
has the maximum density (1.84 g/cm®), higher than the
base material. The increase in the reinforcement weight
proportion led to an increase in AZ91 alloy matrix com-
posite density. The results of the measured density can
clearly show that an increase in the reinforcement ratio
raises the density of the metal matrix composites. The 12%
71O, reinforcement of measured experimental density was
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Figure 9. Open circuit potential (OCP) curve of AZ91/ZrO, in
3.5% NaCl solution.
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3.47% higher than the casted AZ91 alloy and 2.55% higher
than 3%ZrO, reinforced AZ91 alloy nanocomposites.

3.3 Micro vickers hardness number of composites

The micro Vickers hardness of unreinforced and ZrO,-re-
inforced AZ91 alloy nanocomposites are shown in figure 5.
It showed significant improvement in hardness with
increasing reinforcement like 0, 3, 6, 9, and 12 wt%.

The investigational results showed that the hardness of the
developed nano ZrO,-reinforced composites’ hardness val-
ues consistently converged in a manner that matched the
weight percentage of ZrO,. The hardness of the composite
without ZrO, nanoparticle was found to be 85.67 &+ 1.1 HV.
The additions of nano ZrO, in the AZ91 matrix found
increased hardness value and met the linear trend line rep-
resented by figure 5. Further, the hardness value of the
composite is the surface property, and it depends on the
material/phase presence on the intended surface; because of
this reason, the average hardness value is continuously
measured. The maximum hardness of 96.71 & 1.05 HV was
observed by 12 wt% of ZrO, in the AZ91 matrix and
increased by 12.88% compared to cast AZ91 alloy without
reinforcements. The increase in hardness value depended on
the interfacial bond quality of the matrix and reinforcement.
The effective and uniform particle distribution with equiaxed
grains was the reason for improved hardness, as evidenced in
figure 3(e). The hard zirconium dioxide may resist the
indentation against the applied load.

3.4 Stress-strain curve of developed composites

Figure 6 shows the stress—strain plot for AZ91 alloy com-
posite prepared with 0, 3, 6, 9, and 12 wt% of ZrO,
nanoparticles. It significantly improves the tensile strength
of the composite due to homogenous particle distribution,
which strengthens the composite structure and resists par-
ticle dislocation. The tensile strength of unreinforced AZ91
alloy cast was found to be 242 £ 1.2 MPa, and the addi-
tions of 3, 6, and 9 wt% of nano ZrO, showed the increased
tensile strength of 6.6%, 13.2%, and 16.11% respectively.
Similarly, the elongation due to high tensile load showed an
increased strain rate of 2.85 mm.

The nanoparticles can increase the Orowan strengthen-
ing, where the reinforced nano ZrQO, is strong to resist the
dislocation penetration. The effective interface necklace
formed structure was evidenced in figure 3(b—e). The
higher content of ZrO, nanoparticles in the AZ91 matrix
decreased the tensile strength of 275 £ 1.21 MPa. The
brittle nature reinforcement phase in the composite speci-
men causes micro-cracks to spread at the dispersion layer of
the reinforcing particles during external loads applied to the
composites. The secondary phase fiber material limits
particle dislocation during high tensile load [28-30].
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Figure 10. Open circuit potential (OCP) curve of AZ91/ZrO, in
3.5% NaCl solution.

The clustering and agglomeration of nano-reinforced
particles significantly influence the mechanical strength of
manufactured composite materials. Both homogeneous
dispersions of ZrO, particles and interfacial bonding of
particles with variable proportions, including matrix mate-
rial, are the factors that contributed to the combination of
high tensile strength.

3.5 Impact strength of developed composites

The Charpy impact test was used to assess the impact strength
of cast AZ91 alloy and reinforced with different weight
percentages of ZrO, nanoparticles, as shown in figure 7. The
maximum impact strength was 20.61 £ 0.13 J, founded on
9 wt% of reinforcement, and more than 9 wt% ZrO, showed
decreased impact strength of 19.34 + 0.31 J. A similar trend
in the tensile property of the composite, the impact strength
of the composite also improved up to 9 wt% of reinforce-
ment, and after that, it decreased. It was due to the uniform
distribution of reinforcement dramatically increasing the
impact strength of the composites, and its SEM is evidenced
in figure 3(b—d). It is because the agglomeration of particles
decreases the impact strength of the composite and leads to
localized region failure of the composite.

Table 2. Corrosion properties of the AZ91-ZrO, composites

Page 7 of 10

-0.5 T T T

——Az91

—— AZ91 + 3% ZrO,

—— AZ91 + 6% ZrO,
AZ91 +9% ZrO,

—— AZ91 +12% ZrO,

Potential (V)

-7 -6 -5 -4 3 2 -1
Log I (A/cm?)

Figure 11. Polarization Curvesof the test specimens.

3.6 Wear resistance of developed composites

Figure 8 illustrates the wear rate of AZ91 alloy composite
containing different weight percentages of ZrO, nanopar-
ticle and incorporation of hard ceramic reinforcement in
soft matrix found good wear resistance, which is higher
than the wear resistance of cast AZ91 alloy.

The increased wear rate was due to the hardness of the
composite’s high scratch resistance. Moreover, the com-
posite’s wear rate gradually increased with an applied load.
A maximum wear resistance of 0.168 mg/m was found
on cast AZ91 alloy without reinforcement at 40 N under
1 m/sec sliding velocity. Moreover, the temperature may
rise due to high friction between the pin and disc, resulting
in adhesive failure. The hard ceramic B,C in aluminium
alloy composite limits the wear rate and increases thermal
stability [31].

However, the wear resistance of the composite specimen
containing 12 wt% of ZrO, facilitates a minimum wear rate
of 0.143 mg/m at 40 N load under 12.91 N frictional force.
The high friction force may lead to an increased tempera-
ture between the pin and disc; it leads to the diffusion of
hard ceramic reinforcement in the soft AZ91 matrix as an
effective and good interface.

Composites OCP (V) Ecorr (V) Leor (mA/cm?) mm/year
AZ91-as cast —0.9300 —0.9329 0.9783 13.33
AZ91-3% 71O, —1.1232 —1.0584 0.4651 9.99
AZ91-6% ZrO, —1.0142 —1.0253 0.3624 7.74
AZ91-9% 710, —0.9957 -0.9923 0.1521 3.23
AZ91-12% 71O, -0.9925 —0.9913 0.1836 3.87
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3.7 Electrochemical corrosion measurement
of developed composites

Figure 9 shows the OCP curve of cast AZ91 Mg alloy and
ZrO, reinforced AZ91. The potential (V) of the test speci-
mens was recorded for 3600 seconds in a 3.5% NaCl
solution. A dilute NaCl solution was used to analyze of
corrosion behaviour of AZ91 alloy [32].

The OCP of AZ91 + 3% ZrO, shows significant
potential drops due to the initiation of localized corrosion
compared with the OCP of cast AZ91 alloy. Because of the
potential depletion, there is the possibility of initiation of
the magnesium hydroxide film, which involves several
cycles of dissolution processes. Recently, the corrosion
behaviour of CeO, coating magnesium alloy was studied by
different electrolytic mediums [33]. The hard ceramic
particle may withstand the high thrust force and give the
lubricant effect [34].

The potential drop in OCP can be caused by different
parameters like pH and temperature (evaluation of hydro-
gen due to anode and electrolyte interaction). In addition,
the potential variation is primarily caused by the dissolution
of the passive layer. The process can be applied to a metal
surface, demonstrated by the reduction layer from its
maximum priority (passive region) to its original value
(active region). The OCP of AZ91 + 9% ZrO, shifts
towards superior predicted values with no observable
potential drops during submersion, demonstrating that the
protective layer installed in AZ91 is very supportive and
firmly applied to the surface. Equation 1 represents the
formula to calculate the corrosion rate of the composites
[35].

0.00327 x Eq.wt. X Icor,
Corrosion Rate ( o > = il = 4)
year 0
where,
Eq. wt. denotes the equivalent weight at the valance of
+2(2);

p is the density (g/cm®) and

I denotes the corrosion current density (uA/cm?).

Electrochemical measurements of corrosion current
density can assess the corrosion performance of metallic
materials (Ic,,) and corrosion potential (Ec,,,). The
dynamic polarization test results for both base material and
MMCs immersed in an aqueous solution as shown in
figure 10.

The anodic section of the AZ91 specimen exhibits sus-
tained electrochemically active solubility until the density
achieves 2 mA/cm?, at which point the potential is reversed.
It indicates that the AZ91 alloy has no passivity. The Ecg,
of the specimens shows a similar trend as of OCP curve,
which states work reported the stable OCP value and the
anodic and cathodic nature of the samples are defined based
on the OCP value. With the help of the hysteresis, the curve
shows that the pitting and corrosive potential are located in
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Figure 12. Nyquist plot of AZ91/ZrO, in 3.5% of NaCl solution.

the same regions [36]. Therefore, it is desirable to have
high Ecoy and low Icfor suitable corrosion-resistance
composites. Table 2 shows the experimental result of the
polarization test E o (V), I, (mA/cm?), and rate of cor-
rosion (mm/year). The corrosion current is the direct indi-
cator of corrosion resistance higher the current, the lower
the resistance [37]. The results revealed that the corrosion
of the composite increases up to 9% of ZrO, reinforcement,
and after that, it starts to increase. It may be because of
increased localized corrosion due to the agglomeration of
reinforcement [38, 39].

Figure 11 shows the polarization curve for tested com-
posite specimens. As already discussed, an electrochemical
reaction caused by hydrogen evolution causes magnesium
and its alloys to erode in an aqueous solution. The elec-
trochemical reaction between water and matrix composite
materials causes them to corrode in aqueous environments,
producing magnesium hydroxide and hydrogen gas. Due to
the production of OH, the pH rises, which facilitates the
chemical reactions that form the Mg hydroxide film. The
corrosive environment film modified by MgO and
Mg (OH)2 appears to have very poor electrochemical per-
formance, and the presence of accelerated corrosion active
surfaces, such as noble coagulates or other electronic
impurity states in the composite, significantly accelerates
the corrosion rate.

Anodic reaction : Mg(s) = Mg(, ) +2¢”
Cathodic reaction2H,O + 2e— = H, + 20H~

2+ - _
Mg,y +20H ) = Mg(OH)Z(S)

The mixture of NaCl was selected to increase the cor-
rosion rate of the prepared composites, as shown in
figure 12. Corrosion of base material at various concen-
trations was rapidly decreased by the development of
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surface films on the material. The configuration of the
intermetallic compounds film may have caused the OCP of
both alloy elements to become high potential at the earlier
stages of immersion due to the corrosion protection of the
film, which may have acted as a protective barrier to
additional oxidation reaction. According to figure 4, the
oxide layer film does not entirely protect the surface of the
oxide layer film of AZ91, which appears to be compact.
Potentiodynamic anodic polarization techniques evalu-
ated the anti-corrosion behaviour of AZ91 alloys and their
composites. EIS carried out the prepared specimens of
performance in corrosion resistance conformity experi-
ments. The results of the EIS Impedance response of
AZ91/Zr0O, in 3.5% of NaCl (Nyquist plot) are shown in
figure 12. The capacitive loop in the Nyquist plane in
magnitude represents the polarisation impedance of the test
specimens. A lower corrosion rate is generally associated
with a higher polarization resistance. The plot of figure 12
(Nyquist) demonstrates that the two metals have distinct
capacitance circuits over the entire frequency range, indi-
cating that the corrosion rate varies despite using the same
technique. The corrosion rate of AZ91 + 9%ZrO, is sig-
nificantly greater than that of the unreinforced Mg. Com-
pared to AZ91 magnesium alloy and other reinforcements,
AZ91 has a relatively high impedance value, suggesting
that AZ91 + 9%ZrO, has improved corrosion protection
properties.

4. Conclusion

The study demonstrates the effect of nano ZrO, (3, 6, 9
and 12 wt%) reinforcement on AZ91 magnesium alloy
by analyzing its Microstructural, mechanical, wear, and
electrochemical properties. Based on the experimental
results, the forthcoming conclusion is derived. The SEM
micrograph indicated that ZrO, reinforcement dispersed
uniformly in the Mg matrix up to 9%. Further increase
in reinforcement percentage leads to agglomeration. The
optimum results for the reinforcement of 9 wt% ZrO, in
AZ91 Mg alloy show better mechanical properties with
optimum microhardness, tensile, and impact strength
improved by 12.9%, 16.11%, and 2.19 times compared
to cast AZ91 alloy. Furthermore, the presence of ZrO,
enables the Orowan strengthening effect, strengthening
the composite by restricting dislocation movement.
Similarly, the homogeneous distribution of reinforce-
ment limits the crack propagation process, increasing
the impact strength of the composite. Like mechanical
properties, the corrosion resistance of the AZ91 4+ 9%
ZrO, shows a comparatively better corrosion rate of
3.23 mm/year. Similarly, the wear resistance of the
developed composite containing 12 wt% of ZrO,
nanoparticles noted high wear, with a wear resistance of
0.143 Mg/m.
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