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Abstract

Aluminium matrix composites (AMCs) have garnered significant attention due to their extensive applications in
diverse engineering sectors, including aerospace, automotive, marine engineering, and mineral processing. The in-
corporation of ceramic reinforcements, such as oxides and carbides, into these composites substantially augments
their mechanical attributes. These ceramic materials contribute to the enhancement of various properties, including
strength, hardness, and durability. Moreover, the improved thermo-mechanical characteristics, wear resistance, sus-
tainability, and cost-efficiency render these composites highly versatile. Specifically, composites formulated through the
amalgamation of aluminium and magnesium oxide (MgO) particulates offer an optimal balance between lightweight
construction and a high strength-to-weight ratio. The primary objective of this review study is to conduct a compre-
hensive analysis of AMCs reinforced with MgO particulates. This analysis encompasses the methods of synthesis, the
mechanisms contributing to material strengthening, and a focused examination of the impact of MgO reinforcement
on mechanical and wear resistance properties.

Keywords: Aluminium Matrix Composites, Magnesium Oxide, Reinforcement, Mechanical Properties, Wear Resis-
tance

1 Introduction

Aluminium, the most abundant metal, exhibits a plethora of desirable attributes such as malleability, light weight,
and excellent corrosion resistance [1, 2]. Aluminium alloys primarily consist of aluminium, augmented with additional
elements like copper, iron, silicon, magnesium, and zinc [3, 4]. These alloys are characterized by their lightweight nature
and resistance to corrosion [5]. Rohatgi et al. [6] highlighted the versatility of aluminium alloys, which come in various
tempers and serve as a broad range of manufacturing materials. Aluminium alloys are categorized into different series
based on their alloying elements and properties. For instance, 1xxx series alloys are composed of high-purity aluminium,
while 2xxx series alloys are copper-reinforced and exhibit considerable toughness. The 3xxx series contains manganese and
offers excellent workability and strength. The 4xxx and 5xxx series are alloyed with silicon and magnesium, respectively,
and possess good weldability and corrosion resistance. The 6xxx series includes silicon and magnesium, and the 7xxx
series is primarily zinc-based, offering excellent strength and higher ductility [7, 8]. The burgeoning interest in Aluminium
Matrix Composites (AMCs) is primarily focused on these aluminium alloys [9]. Various forms of ceramics, such as fibers,
particulates, or whiskers, are used for reinforcement.
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Among these, particulate-based AMCs have gained prominence due to their enhanced mechanical properties, including
improved microhardness, strength, and wear resistance over pure alloys [10, 11]. Factors such as the method of synthesis,
size, shape, and chemical affinity between the matrix and reinforcement materials influence the microstructure and
properties of AMCs [12]. Heat treatment techniques, such as aging, are employed to optimize the mechanical properties
of these alloys [13]. The formation of strong chemical bonds at interfaces and the wetting of reinforcement by melted
materials are considered crucial phases in AMC production [14]. Magnesium Oxide (MgO) serves as an exemplary
reinforcement due to its wide range of refractory properties, excellent corrosion resistance, and thermal conductivity [15—
17]. AMCs reinforced with ceramic particles exhibit superior mechanical properties compared to the base alloy [18]. These
composites are characterized by low density, high microhardness, enhanced strength, and excellent wear and corrosion
resistance [19]. Applications of Al-MgO based composites span various industries, including electronics, automotive, and
aerospace, owing to their unique advantages [20]. Previous studies have primarily focused on aluminium as the matrix
material, exploring its lightweight nature, environmental resistance, and generous mechanical properties [21]. Extensive
research has been conducted in this domain over the past decades, as advancements in composite behaviors involve
the mixture of more than two materials without amalgamation effects [22]. To evaluate the mechanical properties of
various AMCs, common approaches include the rule of mixtures, microhardness testing, tensile strength testing, and
wear resistance testing [23]. However, fully harnessing the potential of MgO-reinforced AMCs remains a challenge due to
factors like inhomogeneous dispersion properties of the reinforcements, cost considerations, and the high demand for the
resulting material’s desirable properties.

2 Fabrication Methods

This review aims to shed light on the enhancement of mechanical properties, such as microhardness, tensile strength, and
compressive strength, as well as tribological performance, notably wear resistance, through the incorporation of MgO
particles. The focus is primarily on the fabrication techniques of Aluminium Matrix Composites (AMCs), specifically
powder metallurgy and stir casting methods [24-26].

2.1 Processing Methodology

AMCs can be manufactured through various states: solid [24], liquid [25], and vapor [26]. Solid-state methods are
categorized into powder metallurgy, which involves powder blending and consolidation, and foil diffusion bonding, which
employs long fibers to form a matrix [27]. Liquid-state methods include electroplating and electroforming [28], stir casting
[29], pressure infiltration [30], squeeze casting [31], spray deposition [32], and reactive processing [33]. Semi-solid state
processes involve semi-solid powder processing, while vapor deposition methods include physical vapor deposition [34, 35].
Additionally, in situ fabrication routes are also employed for AMC production [36]. Liquid-state manufacturing routes
are popular due to the effective distribution of particulates in the melted metal [37]. These methods are cost-effective,
with stir casting, squeeze casting, and pressure infiltration being the most commonly used [38]. On the other hand, solid-
state techniques like powder metallurgy (P/M) are also prevalent [39]. AMCs are primarily developed either through
Liquid Metallurgy (L/M) or P/M routes. Stir casting is a favored L/M method, offering an efficient way to produce
modern composites at a low cost [40]. Conversely, the P/M method provides a good distribution of particles in the pure
alloy and has the advantages of high tolerance and minimal need for secondary machining processes [41]. Sahoo et al.
[42] outlined the three crucial steps in the P/M process: blending or mixing, compaction, and sintering. Stir casting is
frequently employed due to its cost-effectiveness and suitability for mass production [43]. The selection of appropriate
process variables, such as stirrer speed and pouring and pre-heated temperatures, is crucial for synthesizing high-quality
composites [44]. Hashmin et al. [45] emphasized that the cost of developing AMCs using the stir casting process is
significantly lower compared to other methods. Owing to its flexibility, usability, and commercial viability, stir casting
remains the most extensively researched method for AMC production.

2.2 Stir Casting Technique

The stir casting process is employed for the fabrication of innovative components. Initially, the base matrix is super-
heated above its melting point and then cooled to a temperature lower than the liquidus to maintain the mechanism.
Concurrently, preheated particles are introduced into the slurry and mixed with the matrix alloy using a mechanical
stirrer. This stirring can be performed on a continuous or semi-continuous basis. The slurry temperature is then elevated
to reach a fully molten state, with stirring continuing for an average duration of 5 minutes at speeds ranging from 300
to 550 revolutions per minute. Subsequently, the molten material is superheated once more before being poured into
a permanent mold to achieve the desired component shape, as illustrated in Figure 3 [46]. Composites reinforced with
particles have been found to exhibit significant improvements in high-temperature properties, as studied by Nripjit et
al. [46]. On the other hand, in situ methods for AMCs involve the formation of reinforcement particles within the
aluminum matrix during the fabrication process. This approach enhances particle distribution and interface bonding but
may require additional steps or specialized materials. Consequently, the overall cost could be impacted when compared
to more conventional methods like powder metallurgy or stir casting.
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3 Mechanical Properties

This section aims to investigate the mechanical properties of AI-MgO based composites, which have garnered considerable
attention for their potential to improve material attributes. The current study builds upon the extensive body of research
in this area, with the intent of contributing new insights. Future research directions that could extend the current findings
are also outlined. Various tests have been conducted to evaluate the mechanical properties of metal matrix composites,
which utilize aluminum as the base metal and ceramic materials such as Al,O3, SiC, and MgO as reinforcements. A
significant reduction in grain size has been observed both before and after the addition of reinforcement [47]. In the
present study, A356.1-based composites with varying concentrations of MgO nanoparticles (1.5, 2.5, and 5 vol.%) were
fabricated at different casting temperatures (800°C, 850°C, and 950°C) using the melt stirring method.
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The results indicate that increasing the volume percentage of MgO nanoparticles initially enhances the bulk density
of the samples, peaking at 2.5% MgO for all three casting temperatures. This suggests an optimal combination of
MgO content and casting temperature may exist for maximizing bulk density while minimizing agglomeration and pore
formation. In this context, the highest density was achieved at 850°C [48]. Furthermore, AA 5050/MgO nanoparticle
composites with varying volume fractions of MgO (10, 20, 30%) were synthesized using the stir casting process. The
tensile strength of the composite was found to decrease with an increase in MgO content, and matrix fractures occurred
in composites containing a high volume fraction of 30% vol. MgO [49].

This section also elaborates on the mechanical properties of various aluminum-based composites reinforced with MgO
and other materials. For instance, AA 6061 hybrid composite samples were synthesized via the stir casting route, incorpo-
rating 1% and 2% wt of Al,O3 and MgO. These reinforced composites exhibited notable improvements in microhardness
and Ultimate Tensile Strength (UTS) compared to pure AA 6061 [50]. Similarly, A356/MgO-based materials with vary-
ing MgO volumes (5, 10, 15, 20%) demonstrated a gradual enhancement in mechanical properties. Specifically, Brinell
hardness values ranged from 80.60 to 110.22 BHN, and UTS values increased from 264.96 to 316.11 MPa. Additionally,
toughness values ranged from 6.37 to 12.29 J [51]. Another study by Muharrem Pul in 2013 focused on Al-MgO com-
posites with 5, 10, 15% reinforcement. The Brinell hardness values of these samples increased to 50.2, 52.1, 56.4 HB,
although the rupture strength values decreased with increased MgO content [52]. Furthermore, A1/MgO composites with
5, 10, 15% reinforcement by volume showed an increase in porosity values (3.99, 4.16, 4.42%). Despite this, the effective
thermal conductivity of these composites increased [53]. ZTA /Zirconia toughened alumina composites were also studied,
incorporating a 4/1 ratio of Al,O3 and aluminum alloy (YSZ). These composites, reinforced with 0.2-0.9 wt.% MgO,
exhibited densities ranging from 4.32 to 4.47 g/cm® and Vicker hardness values between 1635 and 1694 HV. However,
the fracture toughness values decreased from 3.8 to 3.02 MPa-m'/2 [54]. The literature consistently suggests that MgO
reinforcement enhances both the mechanical and wear resistance properties of composites. These quantitative findings
underscore MgQ’s potential to improve key material properties, making it valuable for various industrial applications.
The enhancements in tensile strength, modulus of elasticity, and other mechanical properties indicate the potential for
improved structural performance, leading to stronger and more durable materials.

Table 1: Mechanical behaviors of various MgO reinforced composites.

Aluminum alloys Reinforcement Method Mechanical prop- Summarized Reference
(MgO) erties
AA 7075 5% and  Stir casting Brinell mi- Microhardness Prasad et al.,
10% (Nano- crohardness: and tensile 2017 [55]
particulates) 92.07 HB, Ten- strength en-
sile Strength: hanced with
137.042 N/mm?  MgO
Pure aluminum MgO (0.5, 1, 2,3 Powder metal- Relative Density: Relative densities Gozde et al., 2016
wt.%) lurgy Cu+0.5wt.%MgO decreased  and [56]
91.52% microhardness
increased ~ with
MgO
A 356 MgO 1.5, 2.5, 5 Stir casting and Brinell micro- Microhardness Abdizadeh et al.,
vol.% Powder  metal- hardness varies and compres- 2014 [57]
lurgy sive strength
improved  with
MgO
A 356 MgO (0, 5, 10, Stir casting Brinell micro- Increase in mi- Kumar et al.,
15, 20 vol.%) hardness: 75.33 crohardness, 2016 [58]
HB, Tensile tensile strength,
strength: 232.23 and  toughness
MPa with MgO
A356.1 MgO (1.5, 2.5, 5 Powder metal- Brinell micro- Composites con- Baghchesara et
vol.%) lurgy hardness: About taining 5% MgO al., 2012 [59]
45 HB showed maxi-

Pure aluminum

MgO

sizes)

(various

Vacuum Infiltra-
tion

mum strength
Fracture strength
increased  with
particle size

Calin and Citak,
2018 [60]
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4 'Tribological Properties

This section discusses the tribological properties of various aluminum-based composites reinforced with MgO and other
materials. For example, AA 2219/MgO/Graphite (Gr) hybrid composites were manufactured using melt stirring. The
weight content of MgO varied from 0.5%, 1%, to 1.5%, while the graphite content was consistently maintained at 1%.
The wear rates of these composites were significantly influenced by MgO particles and were dependent on load, sliding
displacement (SD), and speed. Optimal conditions resulted in a wear of 143.28 um, confirmed by a test that yielded
148-pm wear [61]. AA LM13-MgO composites were synthesized via the stir casting process, with MgO reinforcement
ranging from 2-10 wt.%. The wear rate decreased with increasing MgO content, under test conditions varying from 20 to
60 N load at a constant speed of 3.456 m/s [62]. Further, Al (ENAW1050A)/MgO composites with 5-15% reinforcement
exhibited varying wear behavior. The wear test was conducted under loads ranging from 10-30 N at a sliding speed of
0.2 m/s. The hardest sample, with 15% MgO reinforcement, exhibited the most wear, while the A1/5% MgO composite
showed the least wear under a 10 N load [63].

— Pin~ =
Woear track
Shiding directio

Do

Figure 4: Pin-on-disc set-up.

A study by Manikandan et al. in 2015 focused on AA 6061-MgO composites. These were reinforced with MgO
particulates ranging from 1.0 to 2.5 wt.% using the Powder Metallurgy (P/M) technique. The maximum microhardness
value of 161.6 VH was achieved with the AA 6061-2%wt.MgO composite. Wear tests conducted under a load of 30
N, at a velocity of 1 m/s and sliding distances ranging from 200-2000 m, showed that 2%wt. MgO led to a wear loss
decrease to 0.1292g, indicating enhanced wear resistance [64]. Wear mechanisms in MgO-reinforced composites can be
broadly categorized into adhesive, abrasive, and erosive wear. Each of these mechanisms has distinct characteristics and
implications for the wear behavior of the composites.

Table 2: Mechanical and Wear Resistance Properties of Various MgO Reinforced Composites

Aluminum Reinforcement (MgQO) Mechanical Properties =~ Wear Resistance Proper- Reference
Alloys and Method ties (ASTM G-99 stan-
dard)
AA430 SiC+MgO (2.5%, 5%, Vickers  microhard- Specific wear rate less [65]
7.5 wt.%) Method: mness: 49-61 HV, UTS: than base alloy
Stir casting 133.21-153.65 MPa
AA 7075 MgO (3, 6, 9 wt.%) Significant increase of Dry sliding wear: Unre- [66]
Method: Stir casting hardness inforced alloys have more
wear
AA 7068 MgO (0, 1, 2, 5%) Vickers microhardness: Enhanced wear resistance  [67]
Method: P/M 33-68 HV
Pure aluminum  MgO (10, 20, 30, Highest microhard- Lowest wear volume for [68]
40vol. %) Method: mness: 71HB, Highest Al-20%MgO
Vacuum infiltration tensile strength: 139
MPa
Pure aluminum  TiO2+MgO (3,6,9,12 Brinell microhardness: Decreasing wear rate for [69]
wt.%) Method: P/M 153-164 HV Al/nano-MgO

Continued on next page ‘
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Table 2 — continued from previous page

Aluminum Reinforcement (MgQO) Mechanical Properties ~ Wear Resistance Proper- Reference
Alloys and Method ties (ASTM G-99 stan-
dard)
A356.1 MgO (0.5, 1, 1.5, 2 Brinell microhardness: Improved wear resistance  [70]
wt.%) Method: Stir 98.41 BH
casting
Pure aluminium  MgO (5, 10, 15 vol.%) Brinell microhardness: 5%MgO reinforced Al- [71]
Method: P/M 50.2-56.4 HB specimens are worn the
less
A 336.0 MgO+RHA Method: Increased hardness Minimum wear rate for [72]
Stir casting with MgO Al- alloy-10%RHA
AA 2024 MgO+AI1203+Gr Brinell microhardness: Highest wear resistance [73]
Method: P/M 85-111.2 HB for AA 2024/10% Al203/
3%MgO/1.5%Gr
AZ91 alloy MgO+AI1203 Method: HV: 64%, YS: 43%, Highest wear resistance [74]
In-situ strain hardening: for AZ91-6.5%-composite
115%
Pure aluminum MgO (0, 1.5, 2.5, HV:16.3%, CS: 13.5% Optimum properties for [75]
3.5, 4.5 wt.%) Method: Al-5wt.%/Gr-2.5wt. %
P/M nano-MgO
(Sn—Sb—Cu) MgO+ Al203+ - Mass wear loss affected by  [76]
FeCr204 Method: FeCr204
P/M
ZK60 MgO  (0.5%  wvol.) Yield Strength: 386- - [77]
Method: P/M 426 MPa, Tensile
strength: 419-456
MPa, Elongation:
8.5-9.5%

4.1 Adhesive Wear

Adhesive wear occurs when two contacting surfaces experience molecular attraction and bonding, leading to material
transfer from one surface to another. In the context of pin-on-disc tests, adhesive wear can result in material transfer
from the pin (the composite) to the disc (a counterpart material). The presence of MgO particles in the composite
can act as barriers that reduce the tendency for adhesive wear. These particles enhance the load-bearing capability of
the composite and minimize material transfer between the pin and the disc. Consequently, MgO-reinforced composites
exhibit improved resistance against adhesive wear.

4.2 Abrasive Wear

Abrasive wear involves the removal of material from a surface due to the presence of hard particles or abrasive agents
between the contacting surfaces. This type of wear is particularly relevant in pin-on-disc test setups, especially when the
pin or disc undergoes repeated sliding contact with abrasive contaminants. Factors such as particle size, hardness, and
concentration significantly affect the abrasive wear behavior. MgO particles, known for their wear resistance, contribute
to the reduction of abrasive wear. The hardness and wear resistance of MgO particles can mitigate the abrasive effects
of contaminants, thereby enhancing the composite’s overall wear resistance.

4.3 Erosive Wear

Erosive wear is caused by the impact of solid particles or liquids on a surface, resulting in material removal. This type of
wear is particularly relevant in specific applications, such as in industrial or environmental conditions where the composite
may be exposed to high-velocity particles or corrosive liquids. MgO reinforcement, due to its inherent hardness and wear
resistance, can offer a level of protection against erosive wear. Thus, it can be inferred that MgO-reinforced composites
exhibit enhanced wear resistance due to the mitigating effects of MgO particles on adhesive, abrasive, and erosive wear
mechanisms. The specific wear behavior is influenced by various factors, including the size, hardness, and concentration
of MgO particles, as well as the testing conditions and environmental factors.
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5 Impact of MgO Reinforcement on Aluminum Matrix Composites

Magnesium Oxide (MgO) is a widely used reinforcement material in Aluminum Matrix Composites (AMCs) due to its
affordability, ease of incorporation, and beneficial impact on mechanical and wear resistance properties. The various
advantages of using MgO as a reinforcement in AMCs are as follows:

o Cost-Effectiveness: MgO is often readily available and relatively low in cost. Its ease of incorporation into alloy
production processes minimizes additional processing costs.

e Mechanical Properties: The addition of MgO particulates enhances tensile and compressive strength. The
strong bond between the MgO particles and the aluminum matrix contributes to increased hardness and stiffness.

e Wear Resistance: MgO reinforcement significantly reduces the wear rate of AMCs. Its hardness and abrasion
resistance minimize material loss during sliding or contact with abrasive surfaces. Additionally, MgO can lower the
friction coefficients.

e Environmental Resistance: The presence of MgO offers protection against erosion in harsh environments.
e Toughness: MgO enhances the material’s toughness and its ability to resist crack propagation.

e Customizability: The impact of MgO reinforcement can be tailored by adjusting factors like particle size, volume
fraction, and distribution.

e Comparison with Other Reinforcements: The choice between MgO, Silicon Carbide (SiC), or Aluminum
Oxide (Al;O3) depends on the application requirements. MgO offers good thermal stability and moderate wear
resistance, SiC is ideal for high-temperature and high-wear applications, and Al;Og is preferred for applications
requiring excellent corrosion resistance, electrical insulation, and high hardness.

6 Discussions

The analysis of Aluminum Matrix Composites (AMCs) for various mechanical and tribological tests, as detailed in Table
1 and Table 2, reveals that reinforced-based composites consistently demonstrate superior performance compared to
monolithic alloys. Among the studied materials, hybrid composites emerge as the most capable. The investigation into
Al-MgO based composites has yielded several significant findings, offering valuable insights into composite fabrication,
the role of reinforcement, challenges in traditional methods, and the influence of wetting-agents. A fundamental aspect for
successfully fabricating Al-MgO based composites lies in achieving a homogenous dispersion of ceramic particulates within
the pure alloy matrix. The uniform distribution of both the size and type of MgO particles is essential for the overall
success of the composite fabrication process. Conventional stir casting, particularly when working with melted materials
at elevated temperatures, poses difficulties in maintaining proper dispersion. These challenges can impede achieving
the desired homogeneity and, consequently, the enhancement of material properties. As an alternative to traditional
stir casting, electromagnetic stirring has emerged as a potential solution. This technique offers advantages in terms of
achieving well-homogeneous dispersed composite materials, overcoming the limitations of conventional methods. Wetting-
agents play a crucial role in facilitating strong interfacial bonding between the ceramic particulates and the aluminum
matrix. By reducing the sacrificial held angle between the elements, wetting-agents promote effective strengthening
within the composite. The presence of porosity within the composite and the level of wettability between the particulates
and the pure aluminum alloy are pivotal considerations in the manufacturing process. Addressing these concerns can
significantly impact the final material properties. Proper reinforcement achieved through homogeneous dispersion and
effective wetting-agents results in a comprehensive enhancement of material properties, including mechanical strength
and wear resistance. The findings highlight the potential application of Al-MgO based composites in industries seeking
reliable and high-performance materials. Additionally, the scalability of electromagnetic stirring presents an intriguing
avenue for industrial production. The findings suggest avenues for further research, such as optimizing the electromagnetic
stirring technique, understanding the effects of different wetting-agents, and addressing challenges related to porosity and
wettability.

6.1 Applications of AMCs:

In the current landscape, AMCs reinforced with MgO particles find utility in a wide array of applications. For instance,
they are instrumental in the automotive sector, particularly in the development of brake components such as discs and
pads, offering enhanced braking performance, reduced wear, and superior heat dissipation. Beyond the automotive
industry, these composites are invaluable in aerospace for structural components, owing to their high strength-to-weight
ratio and thermal stability. They are also suitable for high-temperature applications like jet engines and industrial
furnaces. Their corrosion resistance makes them ideal for protective coatings in various industrial settings.
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In the biomedical field, the biocompatibility and mechanical strength of AI-MgO composites are being explored for
potential use in implants like hip and knee replacements. Additionally, their wear resistance is beneficial for bearings in
heavy machinery, reducing maintenance and replacement costs. The lightweight and high-strength properties are advan-
tageous in the production of high-performance sporting goods such as golf clubs and tennis rackets. In the construction
sector, these composites serve as robust yet lightweight structural reinforcements. Overall, the versatility of Al-MgO
based composites allows them to meet specific challenges across diverse industries, thereby contributing to technological
advancements, sustainability, and performance optimization.

6.2 Future research scope for AMCs:

The development of AI-MgO based composites is an area ripe for further research, albeit with its own set of challenges and
limitations such as poor wettability, particle agglomeration, and issues related to the reinforcement-matrix interface and
processing. Addressing these research gaps necessitates innovative approaches. Computational modeling and simulations
could be employed to predict the behavior of these composites under various conditions, thereby optimizing material
and processing parameters and reducing the need for extensive experimental work. Another avenue worth exploring is
the use of hybrid reinforcements, where MgO particles could be combined with other materials like carbon nanotubes or
graphene to achieve synergistic improvements in composite properties. In-situ fabrication methods, where MgO particles
are generated within the aluminum matrix during processing, could also be considered to improve particle distribution
and bonding. Tailored processing techniques such as spark plasma sintering (SPS) or laser-assisted methods may offer
more precise control over fabrication parameters. Additive manufacturing techniques like 3D printing could be leveraged
for more intricate designs and controlled deposition of reinforcement materials. Advanced process automation and control
systems could also be implemented to ensure consistency and quality in large-scale production. The future of AI-MgO
composites is promising, with potential applications spanning diverse sectors. Key areas for future research include
advanced fabrication techniques, the development of multi-functional materials, biomedical applications, and energy-
efficient transportation solutions. These avenues not only offer the potential for technological advancements but also
open up new possibilities for sustainability and performance optimization across various industries.

7 Conclusion:

The extensive literature review conducted in this study has elucidated several key aspects concerning the impact of
reinforcement materials on the mechanical and tribological properties of Aluminum Matrix Composites (AMCs). Firstly,
AMCs can be effectively fabricated using both powder metallurgy and stir casting techniques. The stir casting method, in
particular, offers advantages in terms of cost-effectiveness and suitability for mass production. Secondly, the mechanical
and wear-resistant properties of these composites are significantly enhanced with the incorporation of magnesium oxide
particles. This suggests that composites with binary reinforcement could serve as better alternatives to those with single
reinforcement. Thirdly, the study establishes a positive correlation between microhardness and wear resistance, indicating
that AMCs with higher hardness values are likely to demonstrate reduced wear rates and superior performance under
abrasive and erosive conditions. Fourthly, the potential applications of AMCs are vast, extending to sectors such as
aerospace and marine industries where enhanced mechanical and wear-resistant properties are crucial. Lastly, the use of
magnesium oxide as a reinforcing agent in AMCs holds considerable promise for construction materials, enhancing their
structural integrity, durability, and overall performance. These reinforced composites meet the current demands in the
construction and automotive sectors, including applications in engine components, brake parts, and suspension systems,
and are well-positioned to address future challenges.

Declaration of Competing Interests

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this manuscript.

Funding Declaration

This research did not receive any grants from governmental, private, or nonprofit funding bodies.

Author Contribution

Hartaj Singh: Conceptualization and Writing—original draft; Kapil Singh: Data creation; Sachit Vardhan Validation
and Visualization; Sanjay Mohan Sharma Supervision and Writing-reviewing and editing.

52



References

[1]

2]

M. Kok and K. Ozdin, “Wear resistance of aluminium alloy and its composites reinforced by al203 particles,” Journal
of Materials Processing Technology, vol. 183, no. 2-3, pp. 301-309, 2007.

S. Arif, M. T. Alam, A. H. Ansari, M. A. Siddiqui, and M. Mohsin, “Study of mechanical and tribological behaviour
of al/sic/zro2 hybrid composites fabricated through powder metallurgy technique,” Materials Research Express,
vol. 4, no. 7, p. 076511, 2017.

N. Singh, I. U. H. Mir, A. Raina, A. Anand, V. Kumar, and S. M. Sharma, “Synthesis and tribological investigation
of al-sic based nano hybrid composite,” Alexandria engineering journal, vol. 57, no. 3, pp. 1323-1330, 2018.

V. B. Niste, M. Ratoi, H. Tanaka, F. Xu, Y. Zhu, and J. Sugimura, “Self-lubricating al-ws2 composites for efficient
and greener tribological parts,” Scientific reports, vol. 7, no. 1, p. 14665, 2017.

S. V. Prasad and R. Asthana, “Aluminum metal-matrix composites for automotive applications: tribological con-
siderations,” Tribology letters, vol. 17, no. 3, pp. 445-453, 2004.

P. K. Rohatgi, D. Weiss, and N. Gupta, “Applications of fly ash in synthesizing low-cost mmcs for automotive and
other applications,” Jom, vol. 58, pp. 71-76, 2006.

F. A. Girot, L. O. U. I. S. Albingre, J. M. Quenisset, and R. O. G. E. R. Naslain, “Rheocasting al matrix composites,”
JOM, vol. 39, no. 11, pp. 18-21, 1987.

K. K. Alaneme and M. O. Bodunrin, “Corrosion behavior of alumina reinforced aluminium (6063) metal matrix
composites,” Journal of Minerals and Materials Characterization and Engineering, vol. 10, no. 12, pp. 1153-1165,
2011.

K. K. Alaneme and K. O. Sanusi, “Microstructural characteristics, mechanical and wear behaviour of aluminium
matrix hybrid composites reinforced with alumina, rice husk ash and graphite,” Engineering Science and Technology,
an International Journal, vol. 18, no. 3, pp. 416-422, 2015.

R. Chen, A. Iwabuchi, T. Shimizu, H. S. Shin, and H. Mifune, “The sliding wear resistance behavior of nial and sic
particles reinforced aluminium alloy matrix composites,” Wear, vol. 213, no. 1-2, pp. 175-184, 1997.

S. Das, S. Das, and K. Das, “Retracted: Abrasive wear of zircon sand and alumina reinforced al-4.5 wt% cu alloy
matrix composites—a comparative study,” 2007.

A. Dolata-Grosz and J. Wieczorek, “Tribological properties of hybrid composites containing two carbide phases,”
Archives of Materials Science and Engineering, vol. 28, no. 3, pp. 149-155, 2007.

Z. Wang, S. Scudino, M. Stoica, W. Zhang, and J. Eckert, “Al-based matrix composites reinforced with short fe-based
metallic glassy fiber,” Journal of Alloys and Compounds, vol. 651, pp. 170-175, 2015.

M. Poornesh, N. Harish, and K. Aithal, “Study of mechanical properties of aluminium alloy composites,” American
Journal of Materials Science, vol. 6, no. 4, pp. 72-76, 2016.

A. Rajesh and D. Santosh, “Research medical engineering science,” vol. 2, no. 6, pp. 1-6, 2017.

G. Singh and S. Goyal, “Microstructure and mechanical behavior of aa6082-t6/sic/bdc-based aluminum hybrid
composites,” Particulate Science and Technology, vol. 36, no. 2, pp. 154-161, 2018.

D. B. Miracle, “Metal matrix composites—from science to technological significance,” Composites science and tech-
nology, vol. 65, no. 15-16, pp. 25262540, 2005.

J. Hashim, L. Looney, and M. S. J. Hashmi, “Metal matrix composites: production by the stir casting method,”
Journal of materials processing technology, vol. 92, pp. 1-7, 1999.

A. D. Boyina, M. V. S. Babu, K. Santa Rao, and D. P. Rao, “Investigation of mechanical behaviour of ilmenite based
al metal matrix particulate composites,” International Journal of Mechanical Engineering & Technology (IJMET),
vol. 4, no. 5, pp. 111-115, 2013.

J. Wang, T. Liu, Y. Liu, C. Wu, and X. Su, “Study on evolution of ti-containing intermetallic compounds in alloy
2618-ti during homogenization,” High Temperature Materials and Processes, vol. 34, no. 7, pp. 621-625, 2015.

R. A. Saravanan and M. K. Surappa, “Fabrication and characterisation of pure magnesium-30 vol.% sicp particle
composite,” Materials Science and Engineering: A, vol. 276, no. 1-2, pp. 108-116, 2000.

G. V. Kumar, C. S. P. Rao, N. Selvaraj, and M. S. Bhagyashekar, “Studies on al6061-sic and al7075-al203 metal
matrix composites,” Journal of Minerals & Materials Characterization & Engineering, vol. 9, no. 1, pp. 43-55, 2010.

53



[23]

[24]

[25]

[26]

[43]

[44]
[45]

M. K. Surappa, “Aluminium matrix composites: Challenges and opportunities,” Sadhana, vol. 28, pp. 319-334, 2003.

G. Manohar, K. M. Pandey, and S. R. Maity, “Effect of compaction pressure on mechanical properties of
aa7075/bdc/graphite hybrid composite fabricated by powder metallurgy techniques,” Materials Today: Proceedings,
vol. 38, pp. 2157-2161, 2021.

Y. Wu, G. Y. Kim, I. E. Anderson, and T. A. Lograsso, “Fabrication of al6061 composite with high sic particle
loading by semi-solid powder processing,” Acta Materialia, vol. 58, no. 13, pp. 4398-4405, 2010.

M. Wood and M. Ward-Close, “Fibre-reinforced intermetallic compounds by physical vapour deposition,” Materials
Science and Engineering: A, vol. 192, pp. 590-596, 1995.

M. B. D. Ellis, “Joining of al-based metal matrix composites-a review,” Material and Manufacturing Process, vol. 11,
no. 1, pp. 4566, 1996.

A. D. Moghadam, E. Omrani, P. L. Menezes, and P. K. Rohatgi, “Mechanical and tribological properties of self-
lubricating metal matrix nanocomposites reinforced by carbon nanotubes (cnts) and graphene—a review,” Composites
Part B: Engineering, vol. 77, pp. 402-420, 2015.

A. Nirala, S. Soren, N. Kumar, V. K. Dwivedi, and D. R. Kaushal, “A comprehensive review on stir cast al-sic
composite,” Materials today: proceedings, vol. 21, pp. 1610-1614, 2020.

M. Mizumoto, T. Murano, and A. Kagawa, “Microstructure control of particle reinforced metal matrix composites
fabricated by low-pressure infiltration process,” Materials transactions, vol. 43, no. 10, pp. 2629-2634, 2002.

M. Gupta, M. O. Lai, and C. Y. H. Lim, “Development of a novel hybrid aluminum-based composite with enhanced
properties,” Journal of Materials Processing Technology, vol. 176, no. 1-3, pp. 191-199, 2006.

P. Cavaliere and A. Silvello, “Crack repair in aerospace aluminum alloy panels by cold spray,” Journal of Thermal
Spray Technology, vol. 26, pp. 661-670, 2017.

A. R. Kennedy and S. M. Wyatt, “The effect of processing on the mechanical properties and interfacial strength of
aluminium/tic mmes,” Composites science and technology, vol. 60, no. 2, pp. 307-314, 2000.

H. Hoche, C. Blawert, E. Broszeit, and C. Berger, “Galvanic corrosion properties of differently pvd-treated magnesium
die cast alloy az91,” Surface and Coatings Technology, vol. 193, no. 1-3, pp. 223-229, 2005.

S. Amirkhanlou and B. Niroumand, “Fabrication and characterization of al356/sicp semisolid composites by injecting
sicp containing composite powders,” Journal of Materials Processing Technology, vol. 212, no. 4, pp. 841-847, 2012.

Y. Chen, X. Zhang, E. Liu, C. He, C. Shi, J. Li, and N. Zhao, “Fabrication of in-situ grown graphene reinforced cu
matrix composites,” Scientific reports, vol. 6, no. 1, p. 19363, 2016.

C. Kalra, S. Tiwari, A. Sapra, S. Mahajan, and P. Gupta, “Processing and characterization of hybrid metal matrix
composites,” Journal of Materials and Environmental Science, vol. 9, no. 7, pp. 1979-1986, 2018.

I. A. Ibrahim, F. A. Mohamed, and E. J. Lavernia, “Particulate reinforced metal matrix composites—a review,”
Journal of materials science, vol. 26, pp. 1137-1156, 1991.

S. S. Sidhu, S. Kumar, and A. Batish, “Metal matrix composites for thermal management: A review,” Critical
Reviews in Solid State and Materials Sciences, vol. 41, no. 2, pp. 132-157, 2016.

M. K. Surappa and P. K. Rohatgi, “Preparation and properties of cast aluminium-ceramic particle composites,”
Journal of materials science, vol. 16, pp. 983-993, 1981.

D. Huda, M. A. El Baradie, and M. S. J. Hashmi, “Metal-matrix composites: Materials aspects. part ii,” Journal of
Materials Processing Technology, vol. 37, no. 1-4, pp. 529-541, 1993.

S. R. Biswal and S. Sahoo, “Fabrication of ws 2 dispersed al-based hybrid composites processed by powder metallurgy:
effect of compaction pressure and sintering temperature,” Journal of Inorganic and Organometallic Polymers and
Materials, vol. 30, pp. 2971-2978, 2020.

A. Nirala, S. Soren, N. Kumar, V. K. Dwivedi, and D. R. Kaushal, “A comprehensive review on stir cast al-sic
composite,” Materials today: proceedings, vol. 21, pp. 1610-1614, 2020.

P. Novék, “Advanced powder metallurgy technologies,” Materials, vol. 13, no. 7, p. 1742, 2020.

J. Hashim, L. Looney, and M. S. J. Hashmi, “Metal matrix composites: production by the stir casting method,”
Journal of materials processing technology, vol. 92, pp. 1-7, 1999.

54



[46]

A. K. T. Nripjit and N. Singh, “Characterization of fabricated a 384.1-mgo based metal matrix composite and
optimization of tensile strength using taguchi techniques,” Advances in Applied Science Research, vol. 3, no. 5,
pp- 2622-2629, 2012.

G. S. Marahleh, “Strengthening of aluminum by sic, al203 and mgo,” JJMIE, vol. 5, no. 6, pp. 533-541, 2011.

H. Abdizadeh, P. H. Vajargah, and M. A. Baghchesara, “Fabrication of mgo nanoparticulates reinforced aluminum
matrix composites using stir-casting method,” Kovove Mater., vol. 53, p. 319, 2015.

A. C. Reddy, “Constitutive behavior of aa5050/mgo metal matrix composites with interface debonding: the fi-
nite element method for uniaxial tension,” in 2nd National Conference on Materials and Manufacturing Processes,
pp- 121-127, 2000.

G. G. Shetty, A. Kumar, A. Kumar, A. V. Hegde, and L. Ritti, “Mechanical characterization of aluminum-based
hybrid metal matrix composites,” International Journal of Advance Research, Ideas and Innovations in Technology,
vol. 4, no. 3, pp. 707-713, 2018.

N. K. Bhoi, H. Singh, and S. Pratap, “Developments in the aluminum metal matrix composites reinforced by
micro/nano particles—a review,” Journal of Composite Materials, vol. 54, no. 6, pp. 813-833, 2020.

M. Pul, “The effect of mgo ratio on surface roughness in al-mgo composites,” Materials and manufacturing processes,
vol. 28, no. 9, pp. 963-968, 2013.

R. Calin, M. Pul, and Z. O. Pehlivanli, “The effect of reinforcement volume ratio on porosity and thermal conductivity
in al-mgo composites,” Materials research, vol. 15, pp. 1057-1063, 2012.

A. Arab, Z. D. 1. Sktani, Q. Zhou, Z. A. Ahmad, and P. Chen, “Effect of mgo addition on the mechanical and
dynamic properties of zirconia toughened alumina (zta) ceramics,” Materials, vol. 12, no. 15, p. 2440, 2019.

B. Subramaniam, V. R. Purusothaman, S. M. Karuppusamy, S. H. Ganesh, and R. K. Markandan, “Review on
properties of aluminium metal matrix composites,” Journal of Mechanical and Energy Engineering, vol. 4, no. 1,
pp. H7-66, 2020.

G. F., C. Efe, M. Ipek, S. Zeytin, and C. Bindal, “Research on engineering structures and materials,” vol. 2,
pp. 67-74, 2016.

H. Abdizadeh, R. Ebrahimifard, and M. A. Baghchesara, “Investigation of microstructure and mechanical properties
of nano mgo reinforced al composites manufactured by stir casting and powder metallurgy methods: A comparative
study,” Composites Part B: Engineering, vol. 56, pp. 217-221, 2014.

H. Abdizadeh, R. Ebrahimifard, and M. A. Baghchesara, “Comparative study on the properties of al 356 and al/mgo
metal matrix composite produced by stir casting method,” International Journal of Engineering Science Invention
Research € Development, vol. 2, pp. 756-762, 2014.

M. A. Baghchesara, H. Abdizadeh, and H. R. Baharvandi, “Effects of mgo nano particles on microstructural and me-
chanical properties of aluminum matrix composite prepared via powder metallurgy route,” in International Journal
of Modern Physics: Conference Series, vol. 5, pp. 607-614, World Scientific Publishing Company, 2012.

R. Calin and R. Citak, “Effect of powder size on infiltration height in producing mgo reinforced al matrix composite
by vacuum infiltration method,” in Materials science forum, vol. 534, pp. 797-800, Trans Tech Publications Ltd,
2007.

R. Kamalakannan, T. Abineesh, L. Rajeshkumar, and K. Arun Kumar, “Dry sliding wear behavior of aa2219
reinforced with magnesium oxide and graphite hybrid metal matrix composites,”

C. R. Sagar, T. K. Chandrashekar, and B. T. Chandra, “Effect of mgo particulates on dry sliding wear of al Im13
metal matrix composite,” in Recent Trends in Mechanical Engineering: Select Proceedings of ICIME 2019, pp. 447—
453, Springer Singapore, 2020.

M. E. Pul, R. Calin, and F. Giil, “Investigation of abrasion in al-mgo metal matrix composites,” Materials Research
Bulletin, vol. 60, pp. 634-639, 2014.

S. K. Rana and S. Lata, “Ga based optimization of process parameters for drilling on al-mgo metal matrix composite,”
Materials Today: Proceedings, vol. 5, no. 2, pp. 5837-5844, 2018.

S. M. Kumar, R. Pramod, and H. K. Govindaraju, “Evaluation of mechanical and wear properties of aluminium
aad30 reinforced with sic and mgo,” Materials Today: Proceedings, vol. 4, no. 2, pp. 509-518, 2017.

K. S. Rao, “Sliding wear behavior of cast al-7075 alloy reinforced with mgo particulates,” Materials Today: Proceed-
ings, vol. 4, no. 10, pp. 1109611101, 2017.

55



[67]

K. J. Joshua, S. J. Vijay, D. P. Selvaraj, and P. Ramkumar, “Influence of mgo particles on microstructural and
mechanical behaviour of aa7068 metal matrix composites,” in IOP Conference Series: Materials Science and Engi-
neering, vol. 247, p. 012011, IOP Publishing, 2017.

O. Bican, “Microstructural, mechanical and dry sliding wear properties of the mgo reinforced aluminium matrix
composites produced by vacuum infiltration,” Kovove Materialy-Metallic Materials, vol. 52, pp. 77-83, 2014.

K. D. Salman and H. H. Abbas, “The effect of mgo & tio2 on wear behavior of composite material,” J Mech Eng
Res Dew, vol. 43, pp. 288-297, 2020.

K. B. Girisha and H. C. Chittappa, “Characterization and property evaluation of a356. 1 aluminum alloy reinforced
with mgo nano particle,” International Journal of Engineering Research & Technology (IJERT), vol. 3, no. 6,
pp- 1545-1551, 2014.

M. E. Pul, R. Calin, and F. Giil, “Investigation of abrasion in al-mgo metal matrix composites,” Materials Research
Bulletin, vol. 60, pp. 634-639, 2014.

A.Y. Awad, M. N. Ibrahim, and M. K. Hussein, “Effects of rice husk ash-magnesium oxide addition on wear behavior
of aluminum alloy matrix hybrid composites,” Tikrit Journal of Engineering Sciences, vol. 25, no. 4, pp. 16-23, 2018.

I. Ovali, C. Esen, S. Albayrak, and H. Karakoc, “Effect of gr contents on wear properties of al2024/mgo/al203/gr
hybrid composites,” 2018.

P. P. Bhingole, G. P. Chaudhari, and S. K. Nath, “Processing, microstructure and properties of ultrasonically
processed in situ mgo—al203—mgal204 dispersed magnesium alloy composites,” Composites Part A: Applied Science
and Manufacturing, vol. 66, pp. 209-217, 2014.

S. S. Irhayyim, H. S. Hammood, and A. D. Mahdi, “Mechanical and wear properties of hybrid aluminum matrix
composite reinforced with graphite and nano mgo particles prepared by powder metallurgy technique,” AIMS Mater
Sci, vol. 7, pp. 103115, 2020.

Y. Tasgin, “Effect of mgo, al203 and fecr204 on microstructure and wear resistance of babbitt metal (sn-sb—cu),”
Materials Research Express, vol. 6, no. 4, p. 046548, 2019.

Z.Y. Zhang, Y. H. Guo, Y. T. Zhao, G. Chen, J. L. Wu, and M. P. Liu, “Effect of reinforcement spatial distribution
on mechanical properties of mgo/zk60 nanocomposites by powder metallurgy,” Materials Characterization, vol. 150,
pp- 229-235, 2019.

56



	Introduction
	Fabrication Methods
	Processing Methodology
	Stir Casting Technique

	Mechanical Properties
	Tribological Properties
	Adhesive Wear
	Abrasive Wear
	Erosive Wear

	Impact of MgO Reinforcement on Aluminum Matrix Composites
	Discussions
	Applications of AMCs:
	Future research scope for AMCs:

	Conclusion:

