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Abstract

This study aims to systematically review and evaluate the application of magnesium (Mg) within the automotive sector,
with a focus on enhancing fuel efficiency and supporting environmental sustainability. The review emphasizes the latest
advancements in cast magnesium alloys, wrought magnesium alloys, and functional magnesium materials, including the
development of novel Mg-based materials. The environmental impact of utilizing magnesium in automotive components
is also critically analyzed. Recent innovations, particularly in the fields of nanocomposites and alloying, have
significantly enhanced the mechanical properties of magnesium alloys, such as increased strength and improved grain
refinement, making them suitable for high-temperature applications. The findings suggest that the competitive pricing
and enhanced properties of magnesium and its alloys are key drivers for their widespread adoption in automotive
manufacturing. The paper provides a detailed discussion on the current trends in magnesium alloy applications, with
particular focus on the role of alloying elements and strategies to address associated challenges. This comprehensive
review outlines the recent technological advancements in magnesium materials and their relevance to modern
engineering applications in the automotive industry.
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1. Introduction

The most important issue in our domain has always been how to make the best use of the limited resources that are at
our disposal. Because of rising carbon dioxide (greenhouse gas emission) levels and global temperature, manufacturers
around the world are becoming increasingly conscious of the need to take preventative measures to lower their carbon
footprints [1]. The 'carbon neutrality’ and 'emission peak' initiatives that China suggested in September 2020 have
garnered interest from policymakers throughout the world. Magnesium (Mg) and magnesium alloys can be used
extensively as a means to this end. When it comes to conserving weight and cutting down on greenhouse gas emissions,
magnesium alloys are your best bet. In addition, Mg alloys have a high theoretical specific capacity for batteries, high
specific strength and stiffness, superior damping performance, strong biocompatibility, a big hydrogen storage capacity,
and so on and so forth [2]. As a result, magnesium and its alloys have found use in several industries throughout the
globe, including those related to transportation, aircraft, and the three C's (computers, communications, and consumer
electronics). In addition, there has been a rise in interest in using magnesium and magnesium alloys in the healthcare
and energy industries. There are still many obstacles to be solved before magnesium alloys may be used in more
applications. However, the fast degradation rate of Mg alloys and the narrow hydrogen charging and discharging
window need to be solved in functional materials in order to expand the future application of Mg alloys beyond their
current structural applications [3]. Cast magnesium alloys and deformed magnesium alloys are the most common types
of magnesium alloys now in use, with casting manufacturing accounting for the vast majority [4]. Magnesium's strong
chemical activity makes it susceptible to reactions with environmental chemicals that result in inclusion formation.
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Primary magnesium readily interacts with 0, and N, to create nonmetallic inclusions like MgO and Mg;N, during
manufacturing and smelting processes [5]. Casting properties are diminished, and the magnesium alloy's mechanical
characteristics are severely impacted, since nonmetallic inclusions appear mostly in the grain boundaries of the matrix
structure. Therefore, the purpose of the current review is to analyze all of the facets related to magnesium and its alloys
in order to have a deeper familiarity with this special metal. In this paper, we take a quick look at the alloying elements
that are compatible with magnesium and then go deep into how each of those alloying elements affects the material's
qualities. Magnesium alloys and composites are explained, including the many forms that can develop. Finally, the
importance of magnesium and its alloys in structural applications is highlighted.

2. Phase Diagram

Material properties can be separate into structure independent properties and structure-dependent properties.
Structure-independent properties are properties that are largely unaffected by microstructure. Denseness, electrical
properties, thermal conductivity, specific heat. Such properties are resolved by chemical composition and atomic
properties. On the other hand, all structure-sensitive properties are mechanical properties [6].

Metallurgists describe materials not only by their chemical composition but also by the phases present. For binary and
ternary systems, this can be done relatively easily in the form of phase diagrams. Although state diagrams represent
equilibrium states, they cannot provide information aboutthe phases ofthe physical shape or distribution of
phases that can occur in non-equilibrium processes.

They are particularly useful for microstructural interpretation and planning of heat treatments such as aging and
thermo mechanical treatments. The most significant phase diagrams for the magnesium binary alloy system are
displayed and explained on the following pages. Supplementary alloying elements are added to commercial alloys for a
variety of reasons [7]. To change the Mg solid solubility of the primary alloying elements, to change the phase
precipitation mode, or to create different intermetallic phases. Knowledge of the phase diagram and thermodynamic
characteristics of these alloys is necessary in order to define the processing conditions for creating different Mg-based
alloys and subsequent treatments to acquire the optimal mechanical properties. This is necessary in order to establish
the processing conditions for making various Mg-based alloys. In addition, with the use of computational
thermodynamic modeling, one may gain a better understanding of phase relations as well as phase stability under a set
of provided conditions. The accurate description of the binary systems makes it possible to approach the phase
equilibrium features of alloy formation and to keep track of specific alloys during heat treatment or solidification by
calculating the phase distributions and compositions [8]. This is made possible thanks to the fact that the binary systems
are described in such detail. Attempts have been made to calculate phase diagrams and obtain information relevant to
alloy development to facilitate understanding and fill knowledge gaps. These are described below.

2.1. Magnesium Aluminum

Aluminum is one of the utmost essential alloying elements in magnesium. Some systems enclose up to 10 wt% Al. AZ,
AE, AM, and AS. Fig 1 (a), shows the Mg-Al system. Al is one of the lean metals that are readily soluble in magnesium.
Beyond the solubility limit, the brittle intermetallic M g,,Al,, separates. The solubility limit of aluminum at the eutectic
temperature is 11.5 at% (12 mass %), dropping to about 1% at room temperature [9]. As a result, Mg,,Al;, plays a
leading role in determining properties Fig 1 (b). Commercial alloys based on Mg-Al contain other alloying additions
of zinc, AZ91, AZ81, AZ63.
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Figure 1 (a) Phase diagram of Mg-Al binary alloy [9]
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Figure 1 (b) Magnesium-rich section of Mg-Al system [9]

2.2. Magnesium Zinc

Zinc is an essential alloying element, although it hardly acts as a major alloying element (ZK, ZH, ZM, ZC, and ZE alloy

series). The two-phase diagram Fig 2, shows 51.3 wt% eutectic. The mass solubility at the eutectic temperature is 6.2%
[10].
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Figure 2 Phase diagram of Mg-Zn system [10]

2.3. Magnesium-Manganese

Manganese is an essential additive to various magnesium alloys. More recently, it has become important in the
advancement of high-performance creep alloys. The Mg Mn phase diagram is incredible in several respects. By a
peritectic reaction in which magnesium Fig 3, precipitates from L + a Mn at 653 °C. The solubility of Mn in solid
magnesium is higher than in liquid (2.2 wt% vs 2.0 wt%). As the temperature decreases, the solubility reduction and
manganese precipitation increases [11].
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Figure 3 Magnesium-manganese phase diagram up to 5 mass % Mn [11]

2.4. Magnesium-Scandium

Scandium has recently been viewed as an alloying additive that can be used to superior creep properties. The Mg-
Scsystem Fig 4, shows a peritectic and a steep rise in melting point. The diagrams exposed were resolved by a
combination of experiments and thermodynamic study. The previously approved diagram turned out to be flawed. The
decrease in solubility suggests possible ageing, but MgSc formation very slowly and inconsistently. A vigorous
ramification is detected only apart the extension of Mn [12].
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Figure 4 Mg-Sc phase diagram up to 50 mass % Sc [12]

3. Effect of adding alloying elements to magnesium

The magnesium in its as-cast form has low strength and a high rate of deterioration. As a result, the quality of the
material can be improved by employing a suitable approach for alloying and processing. The reaction of chemically
active magnesium with alloying chemicals results in the formation of intermetallic compounds. These intermetallic
phases, which may be seen in magnesium alloys, have an effect on the microstructure, and as a result, they have an effect
on the material characteristics. The alloying elements have a direct effect on the strengthening of the mechanical
characteristics of the material through the processes of precipitation hardening, grain-refinement strengthening, and
solid-solution strengthening. In order to make magnesium's matrix more robust, other elements with a high
temperature-dependent solubility will need to be alloyed with it. Table 1, provides a concise overview of the most
frequent alloying elements as well as the effects these elements have on magnesium alloy [13-18]. The effect of each of
these alloying elements may be linked to the total number of alloying elements as well as the proportion of the element
that makes up the alloy. One must take note of a certain significant facet in connection with the components that go into
the alloying process.

Table 1 Some alloying elements and their effect on Mg [13-18]

Alloying Influence on material properties of mg alloys
element

Aluminum (al) | Increases hardness, strength and castability

Zinc (Zn) Yield stress is enhanced and corrosion resistance is improved
Calcium (Ca) Improves corrosion resistance, creep resistance and grain refinement
Manganese Improves salt water corrosion resistance

(Mn)

Scandium (Sc) | Itis known that the addition of Sc to Al-based alloys is an effective way to increase their mechanical
properties and an important role in the refinement of grains in pure aluminum

3.1. Aluminum

It has the greatest possible beneficial effect on magnesium. The addition of aluminum increases the strength of an alloy
by 180 MPa. As a result, it is the Mg (magnesium) alloy component of choice. An alloy can be heat treated if it contains
more than 6 wt. % aluminum. Al may be dissolved in Mg around 12 wt. %, although this value changes with temperature.
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Alloys with a high concentration of Al have a lower solubility of aluminum at room temperature. The cathodic reaction
accelerates corrosion when more than 3 wt. % of Al is present. When Al is added to Mg, the kinetics at the anode slow
down below the solubility threshold. In alloys with a high concentration of -phases, Al increases susceptibility to stress
corrosion cracking [14].

3.2. Zinc

Zinc is the most popular and efficient addition to magnesium alloys. Together with aluminum, it's utilized to increase
durability. Zinc counteracts the corrosion-promoting effects of nickel and iron impurities in magnesium alloys by
increasing their corrosion resistance. Zinc content in Mg must be less than 2.5wt. %. However, going from 1 to 3 wt. %
Zinc is said to boost corrosion rates [15].

3.3. Calcium

The solubility of calcium in magnesium under equilibrium circumstances is 1.34 wt%. In particular, it enhances the
thermal and mechanical stability of magnesium alloy. At high temperatures, the oxidation process in cast magnesium
alloys is slowed by the addition of calcium. A little amount of calcium can improve the rollability of magnesium sheets,
but anything more than 0.3 causes the sheet to split when welded. Adding calcium to magnesium is not biocompatible
beyond 1 weight percent when used in medical purposes. In Mg alloys, the rate of corrosion is quite rapid after it
approaches the solubility limit (about 1.34 wt%) [16].

3.4. Manganese

Due to its limited solubility (2.2 wt.%) in magnesium, manganese (Mn) addition to magnesium is minimized. However,
the corrosion rate did not noticeably alter when Mn was added as a binary element to Mg alloys (up to 5 wt. Therefore,
manganese is an alloy used with aluminum and others. Recent research has focused on how Mn may enclose Fe in Mg
alloys without adding aluminum. Even without Al present, Mn can still play a significant role in the sequestration of Fe,
thus this is encouraging. The annexation of manganese improves the saltwater corrosion protection of Mg-Al and Mg-
Al-Zn alloys. Manganese is commonly mixed with supplementary alloying elements such as aluminum [17].

3.5. Scandium (Sc)

Magnesium alloy's mechanical qualities were enhanced by the addition of trace amounts of Sc, which allowed the alloy's
magnesium grains to refine and precipitates containing Sc to develop. So, Sc is selected to improve the AZ61 alloy's
mechanical characteristics even further. Sc has higher solid solubility in magnesium (15.9%) and lower density (3
gcm?) than other rare earth elements like Ce, Nd, Y, and Gd in magnesium alloy, so adding Sc in AZ61 alloy can not only
improve the mechanical properties, but also maintain the low density of magnesium alloy [18].

4. Classification of Magnesium alloys

Saving energy and lowering carbon dioxide emissions by using lighter construction materials has been a top priority for
many nations. The 'Energy-saving and new energy vehicle technology plan' published by China, for instance, calls for a
10% weight reduction in cars by 2020, a 20% reduction by 2025, and a 35% reduction by 2035 compared to that in
2015 [19]. Due to their low density among metallic structural materials, Mg alloys provide a possible answer when
applied as a structural material. This means that research on structural Mg alloys is still very much in the spotlight [20].

Technology finds many uses for the nonferrous alloys of titanium, aluminum, and magnesium. Their exceptional
characteristics make them excellent replacements for steel in a variety of structural contexts. Magnesium and its alloys
are the lightest of the structural metals mentioned here (Ti, Al, and Mg) [21]. The development of new technologies has
led to a growth in the application of Mg alloys (magnesium alloys) in the construction and medical fields. The
compatibility of Mg and its alloys with other technical materials is to be investigated in the context of alloy production
[22].

Cast magnesium alloys (Mg alloys) and wrought magnesium alloys (Mg alloys) are two types of Mg alloys that are
processed differently and are used for different purposes in engineering and R&D, respectively. Cast alloys can include
magnesium alloys made with a die or another casting method. Recently, cast alloys have found widespread use in the
manufacturing and commercial sectors. However, cast magnesium alloys have been used mostly in fields that need only
modest mechanical properties [23]. Magnesium alloys are worked when they are processed further through operations
such as extrusion, forging, pressing, rolling, SPD (severe plastic deformation), and ECAP (equal channel angular
pressing). Grain refining is not the only method for reducing grain size in the microstructure; plastic deformation and
severe plastic deformation (SPD) are also useful [24]. Wrought Mg alloys have better mechanical characteristics than
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cast Mg alloys. The key reasons for this are the material's uniform microstructural composition and its well-defined
grain refinement without pores. Some magnesium Mg- Al, Mg-Zn, Mg-Zn-Ca, Mg-Zn-Mn, Mg-Zn-RE alloys are discussed
are as follows-

4.1. Mg-Al Based alloys

At 437 °C (eutectic temperature), there is a high solubility of aluminum in magnesium (12.7 wt.%). Solid-solution
strengthening occurs when Al dissolves Mg matrix, forming the a-Mgand y — Mg,,Al;, phases. Mg-Al-based alloys have
great castability but poor mechanical characteristics. It has a high corrosion resistance that increases with aluminum
content. Common 1 wt. % additives to Mg-Al-based extrusion alloys include zinc and manganese (Mn) [25].
Biodegradable materials research has focused mostly on the AZ31, AZ61, AZ81, AZ91 59, and AM60 family Mg-Al-based
based alloys. The aluminum and zinc in AZ61 are denoted by the letters A and Z, respectively. Each alloying element's
percentage composition is indicated in numerical sequence below each occurrence (6% Al and 1% zinc). Alloys of Mg,
including AM30, AM40, AM50, and AM60, contain Al, Mn, however Al makes up a larger percentage of these metals.
Since AM alloys lack Zn-containing eutectic ternary phases, they are more easily extrudable and have superior
mechanical characteristics [26]. Zinc is added to Mg alloys to reinforce the solute, while Mn increases anti-corrosion
characteristics by eliminating trace amounts of Fe. By forming a stable Al,Ca phase with a melting temperature as high
as 1352 K [27], calcium (Ca) enhances the strength and creep of Mg-Al alloys. The addition of 1.7 wt.% Ca to an extruded
Mg-2.32Al alloy significantly reduced grain size. This resulted in an increase of 186 MPa for the UTS, 143 MPa for the
YS, and 8.9% for the elongation. The optical pictures in Fig. 5, provide strong evidence for this, demonstrating the
existence of a sharply fractured Al,Ca phase [28]. This is how improved mechanical qualities may be achieved.

3 e BTt

d it S e o ot -
36 e @l PR
P R 5 L
BN | & ST RS
X -2 vk §
53 Y 8 Ol [
Vi0 st

¥
-
L

v ",.._ v.-r- .- i
4{2‘!?: : :
&‘ l'§4 2 ¢t

A 20,

Figure 5 Optical images of the as-extruded alloys: (a) Mg-0.61A1-0.46Ca; (b) Mg-1.34Al-1.03Ca; (c) Mg- 2.32A1-1.70Ca;
(d) Mg-3.74Al1-2.52Ca [28]
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After going through thermomechanical procedures, the AZ31 alloy that contained calcium performed better than the
AZ31 alloy that did not contain calcium. The calcium-containing AZ31 alloy had higher ductility and finer grains than
the calcium-free AZ31 alloy. In addition, Kwak et al.'s examinations of hot compressive behavior on extruded 0.5 wt.%
Ca-AZ31 alloy revealed that Ca refined the grains and generated a more homogenous structure [29]. These findings
were based on the fact that Ca produced a more homogeneous structure. This is because, at higher temperatures, the
dispersion of the Al,Ca phase in the matrix promotes dynamic recrystallization and hinders the coarsening of the grains
[30] different heat treatments were tested to see how they affected the microstructure and mechanical characteristics
of Mg-6Zn-1A1-0.3Mn. Microstructure of Mg-6Zn-1Al-0.3Mn magnesium alloy after various solution treatments is
shown in Fig 6. When comparing the microstructure before and after solution treatment, it is clear that the dendritic
patterns vanished. There are still several undissolved MgZn phases in the matrix and a few particles are scattered in the
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grain interior or grain borders after a single-stage solid solution treatment procedure at 335 C for 9 hours (Fig. 6 a and
6 b). More MgZn phase dissolves into the matrix after the two-stage solution procedure of 335C94h+385C94h,
with just a few undissolved particles interspersed (Fig. 6 ¢, d). The MgZn phase in the matrix is virtually totally dissolved
after a solution treatment process of 335 C 9 4 h + 385 C 9 8 h, although grain develops significantly (Fig. 6 e, f).
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Figure 6 Optical images (a, c and e) and SEM images (b, d and f) of different solution treatments: (a)(b) 335°Cx 8 h;
(c)(d) 335°Cx 4 h +385°Cx 4 h; (e)(f) 335°Cx 4 h + 385°Cx 8 h. [30]

4.2. Mg-Zn Based alloys

In addition to aluminum, zinc (Zn) is often used since it is an effective alloying element. Zinc, in contrast to aluminum,
is biocompatible since it is a naturally occurring element. Therefore, it is also put to use in biomedicine. In Mg-Zn alloys,
it makes up the bulk of the other alloying elements. Mg-Zn alloys consist mostly of «-Mg matrix and y-MgZn phases, both
of which have atomic number. Zinc is most soluble in magnesium at the eutectic temperature of 340°C (6.2 wt.%),
however its solubility drops dramatically to around 2.6 weight percent at 150°C. Yield strength (YS) of Mg-Zn alloy
improves with increasing zinc content, while maximum ultimate tensile strength (UTS) (216.8 MPa) and elongation
(15.8%) are achieved only at 4 wt. % of zinc. Alloying elements such as calcium, zirconium, yttrium, strontium, silicon,
and manganese can improve the mechanical characteristics of Mg- Zn based alloys [31-32].

4.3. Mg-Zn-Ca alloys

The researchers have demonstrated an interest in Mg-Zn-Ca alloys due to the cost effectiveness of these materials as
well as the exceptional mechanical qualities they possess. Additionally, calcium functions well as a grain refiner in
magnesium-based alloys. The drawback of calcium is that the solubility of calcium in magnesium alloys is limited 1.34
wt. %, which causes the mechanical qualities of magnesium alloys to degrade when the calcium concentration is
increased above 1% [33]. At room temperature, the hot extruded condition of the alloy composed of magnesium, zinc,
and calcium showed outstanding mechanical characteristics. This is because processed grains and a weaker basal
texture contributed to the problem. The material had an elongation of 44%, a YTS of 105 MPa, and a UTS of 205 MPa
[34]. It is interesting to note that when the temperature at which the alloy was extruded was raised, the ductility of the
metal rise but its strength declined.

4.4. Mg-Ca-RE Alloys

Magnesium granules are smoothed out by calcium. It also improves magnesium alloys' tensile characteristics and
corrosion resistance. Therefore, the mechanical qualities of magnesium alloys can be improved by adding rare earth
elements [35]. The addition of yttrium to magnesium alloys resulted in a unique Mg- 1Ca-1Y alloy with increased
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elongation (up to 15.9%) and decreased corrosion resistance. The addition of yttrium to Mg-Ca-Y-Zr alloy greatly
improved its strength. The material's tensile properties improved, with the yield strength rising to 120 MPa, the
ultimate tensile strength reaching 191 MPa, and the elongation reaching 8.3% [36].

4.5. Mg Zn-Mn alloys

Mg-Zn-Mn alloys are strong and ductile, and they also have a good corrosion resistance. In its extruded form, the Mg-
5.99Zn-1.76Ca-0.35Mn alloy has remarkable mechanical characteristics, including a yield strength of 289 MPa and an
elongation of 16% [37]. The tensile yield strength of Mg-Zn-Ca alloy was improved by 50 MPa 108 after 0.3% Mn was
added to the mix. Extruded wrought Mg-2 Zn alloy has its ductility and yield strength improved by the addition of around
2 wt.% manganese. In the course of heat deformation, the fine Mn precipitates polished the grains and enhanced the
slip resistance of the base plane. The addition of manganese to magnesium greatly improved both its ductility and
strength. Its tensile strength and elongation were similarly improved to 204.3 MPa and 38.8%, respectively [38]. When
Mn was added to an extruded Mg-6 Zn alloy, it increased the material's strength and age-hardening response. Mg-Zn-
Mn and Mg-Zn-Mn-Si alloys exhibit yield tensile strengths (YTS) in the 200-240 MPa range [39]. The one-step aging
method increased their strength by 80 MPa. Using a two-stage aging process, the YTS of these alloys was further
enhanced. The first stage of the therapy was performed at temperatures between 70°C and 90°C, while the second stage
was conducted at temperatures between 160°C and 180°C .This increased the YTS to a pressure of 338-350 MPa.
Although peak-aged Mg-Zn-Mn-based alloys have exceptional strength, their widespread implementation has been
hampered by their poor ductility [40].

4.6. Mg-Al-Zn alloys with minor Sc:

A small amount of Sc can refine the as-cast Mg-Al-Zn alloy particles and change the state and distribution of the Mgi17Al12
phase. The microstructure of as-cast Mg-9Al-1Zn-0.3Sc alloy is mainly composed of an a-Mg matrix, Mgi7Al12 phase, and
Mgs Al4 Sc intermetallics [41]. Adding 0.3% Sc increases the strength at high temperatures, but slightly reduces the
elongation of the as-extruded Mg-9Al-1Zn alloy. Addition of 0.3% Sc increases the room temperature tensile strength
from 303 MPa to 341 MPa. Over the test range from room temperature to 200 °C, the elongation increased from 12.7%
to 38.2% for alloy but increased from 11.5% to 31.0% for alloy [42]. The effect of Sc addition on the microstructure and
mechanical properties of as-cast Al-Mg alloy was studied. The results showed that when the Sc content exceeded 0.4
wt%, a pronounced grain refinement effect was observed, transforming the typical dendritic microstructure into fine
equiaxed grains. It is found that Sc significantly increases both the hardness and strength of the tested Al-Mg alloys, but
significantly reduces the ductility. When the Sc content reached 0.2 wt%, 0.4 wt%, and 0.6 wt%, the tensile strength of
the Al-Mg alloy increased by 4%, 30%, and 40%, respectively. Yield strength increased by 18%, 78%, and 111%,
respectively. However, elongation decreased by 12%, 33%, and 44%, respectively. The addition of Sc slightly increases
hardness. The properties of the Al-Mg-Sc alloy appear to reflect a superposition of the properties of the Al-Sc and Al-Mg
alloys. The formation of AlsSc precipitates does not seem to be affected by the presence of Mg [43]. Magnesium increases
the strength and work-hardening exponent of Al-Sc-based alloys in direct proportion to the amount of Mg present in
the solution.

4.7. Mg-Graphene

Magnesium (Mg) is the earth's lightest structural metal and it has enormous reserves. Because of these characteristics,
it is a promising engineering material that has the potential to increase energy efficiency and system performance in
the automotive and electronic industries. On the other hand, the low strength and ductility of magnesium and
magnesium alloys are the primary reasons for their restricted application. A wide range of magnesium matrix
composites have been generated by selecting different types of reinforcement and processing techniques [44]. This has
been done in an effort to improve the mechanical characteristics of the composites. The results of these studies have
shown a novel approach to addressing the inherent drawbacks of magnesium and alloys of magnesium. However,
traditional composites often make a trade-off between strength and ductility, which significantly hinders the
prospective capacity of magnesium matrix composites to serve a larger variety of technical applications [45]. According
to studies [46], Mg and its alloys that have been strengthened using nanosized reinforcements have improved their
mechanical characteristics without suffering a major loss in their ductility.

Graphene, a two-dimensional material composed of six-membered rings of hybridized carbon atoms, has unique
mechanical, thermal, and electrical properties. It has a modulus of 1 TPa and a breaking strength of 125 GPa. One way
to exploit its surprising properties for mechanical applications is to transform graphene into various material matrices.
Graphene has a wide range of applications in electronics and polymer reinforcement. Graphemes have also been used
in other fields such as metal-graphene composites. Also, graphene is very lightweight. The density of graphene is
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estimated to be (1.06g/cm?3) these extraordinary properties make it the perfect reinforcement for metal matrix
composites.

Recently, studies of graphene-based magnesium composites have been reported [47], but they have received less
attention compared to graphene-based aluminum composites. A potential problem is the main difficulty of uniformly
distributing graphene in the metal matrix and the possibility of interfacial chemical reactions between graphene and
the metal matrix. Most research has focused on magnesium matrix composites with uniformly dispersed reinforcements
that provide increased stiffness and strength. Che et al. [48] prepared graphene nanoplate-reinforced Mg composites
by a combination of liquid sonication and solid stirring and obtained dramatically improved properties. Rashad et al.
[49] fabricated magnesium-reinforced metal matrix composites using graphene nanoplates (GNPs) by powder
metallurgy processing. The modulus, yield strength, and elongation at break of extruded magnesium composite
nanocomposites reinforced with only 0.3 wt% GNS increased by 131%, 49.5%, and 74.2%, respectively, over
unreinforced pure magnesium matrix. [50]. Graphene can be used as multilayer graphene known as graphene
nanosheets (GNPs). GNPs have several advantages over CNTs due to their two-dimensional morphology. Since the
mechanical strength of GNPs is comparable more to that of CNTs.

However, in order to successfully produce magnesium matrix nanocomposites with superior mechanical
characteristics, the first challenge that must be overcome is the limited wettability that exists between the ceramic
nanoparticles and the molten magnesium matrix [51]. It is exceedingly challenging to scatter nanoparticles in metal
melt, particularly magnesium melt. This is due to the fact that magnesium melt is more prone to combustion in
comparison to other metal melts, which makes the process of melting alloys more hazardous. This indicates that the
process of creating magnesium matrix nanocomposite is an extremely difficult task. For the purpose of making
magnesium matrix composites with nano-sized particles, researchers have investigated casting methods that use either
liquid- or solid-based procedures [52]. In addition, as a result of the unique size effect of nanoparticles, there is a distinct
characteristic in the grain refinement, the crushing of second phases, the improved distribution of reinforcement, and
the dynamic precipitation for the magnesium matrix nanocomposite during the secondary processing, such as extrusion
or rolling [53]. This is due to the fact that nanoparticles have a smaller surface area than larger particles, so they are
more easily crushed. In addition, the relationship between the aforementioned microstructure and the mechanism of
the magnesium matrix nanocomposite that is responsible for its strengthening and toughening has been investigated in
a number of published works [54]. In Table 2, we see a compilation of the mechanical characteristics of Mg graphene
composite during the previous three years.

Table 2 The mechanical properties Mg graphene composite at room temperature in 2019-2022 [55-63]

Mg-GPN composite (wt%) | Process UTS (MPa) | TYS (MPa) | EL (%) | Ref.
Mg/0.3 wt% GNPs Semi-powder metallurgy | 198 147 3.11 [55]
Mg/1.25 wt% GNPs Hot pressed sintering 209 182 10 [56]
Mg/0.1 wt% GNPs high energy ball mill 197 130 7.5 [67]
Mg-1Al-1Sn-0.18GNPs powder metallurgy 201 185 13.1 [58]
Mg-1Al-0.6 GNPs powder metallurgy 216 169 13.0 [59]
Mg-1Al-0.18GNPs high energy ball mill 210 164 14.5 [60]
AZ31-1.5 wt% GNP powder metallurgy 232 188 13.1 [61]
AZ31-1.5GNP Stir-casting method 211 168 9.1 [62]
AZ31-3GNP Stir-casting method 229 196 7.8 [63]

5. Applications of Mg alloys and composite

Due to its exceptional features as the lightest structural metal, including low density, biocompatibility, and poor
resistance to corrosion, magnesium is employed in a wide variety of applications. It's used in aeronautical engineering,
the automobile industry, and electrical appliances. Communication, computing, hydrogen storage, and consumer uses
are also expanded.
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5.1. Aerospace Applications

The only components of aeronautical vehicles that make use of magnesium are the engine, the transmission systems,
and the landing gears. Magnesium is cast into these components. Magnesium has a wide range of applications in the
helicopter sector, particularly in the manufacturing of gearboxes and other non-structural components. Despite the fact
that magnesium has a low density, structural applications made of magnesium are not favored by the manufacturers of
Airbus and Boeing. This is owing to the fact that magnesium has a poor resistance to corrosion.

5.2. Automobile Applications

The transition to lighter automobiles is one of the most important steps that can be taken to reduce fuel consumption.
Due to magnesium's low density, there is a tremendous amount of potential for its use in the automotive industry. This
has emerged as an extremely important topic of discussion among scholars all around the globe. But magnesium has a
low electrochemical potential, which is the primary reason why magnesium is susceptible to galvanic corrosion. This
makes magnesium a very vulnerable element. This galvanic corrosion has been one of the primary factors that has
limited the usage of magnesium in the automotive industry. There are several logistical challenges associated with using
magnesium in the structural applications of vehicles. The issue of corrosion does not exist in the earlier designs made
of steel or aluminum, hence they are not suited for use with magnesium. If you use the same design for Mg, there is a
risk that the items may fail owing to galvanic corrosion. As a result, magnesium has discovered the vast majority of its
uses in the interiors of automobiles, which are not susceptible to corrosion. Magnesium is used in the production of a
variety of automotive components all over the globe, including instrument panels, dashboards, steering wheels, and
components of steering wheel columns. Mg is used in the production of the transfer cases of four-wheel drive vehicles
in North America. This falls under the category of power trains. Certain regions in Europe are responsible for the
production of engine blocks using the newly developed creep resistant magnesium alloys.

5.3. Potential applications of magnesium matrix composite reinforced by nanoparticles

Nanoparticle-reinforced magnesium matrix composites are now only accessible on a very limited scale. New magnesium
matrix nanocomposites are being considered as potential candidates in aerospace, automotive, electronics, and
biomedical sectors to replace conventional magnesium alloys and composites due to their light weight, excellent
dimensional stability, and mechanical integrity. In the vehicle sector, cutting weight by 10% would result in a 7%
reduction in fuel usage. The replacement of conventional car materials with magnesium and its composites would result
in a weight savings of 22-70%. There are a number of AZ and AM alloys that have been used as sheets or other vehicle
components because to their high strength and ductility at room temperature. The engine blocks made from magnesium
matrix nanocomposites can withstand high temperatures and be employed in high-temperature applications.

6. Conclusion

As the significance of magnesium and its alloys grew, more and more scientists and researchers throughout the globe
began working on their study and advancement. The extensive review of magnesium and its alloys covers a wide range
of topics. Recognizing magnesium's significance as an element is crucial. It's uncommon to come across materials with
desirable characteristics like as high strength-to-weight ratio, low density. Magnesium's favorable mechanical qualities
make it a desirable material for use in construction, transportation, and medicine. Magnesium's decreased density
provides enough opportunity to investigate new technical disciplines, particularly the automotive industry, in light of
the current trend toward lighter components. Because of its unique mechanical qualities and wide variety of possible
uses, magnesium is really a one-of-a-kind metal.

There is no element which is perfect. Magnesium has its own set of limitations, the most significant of which being its
exceedingly poor resistance to corrosion. Magnesium has low corrosion resistance qualities because it oxidizes quickly
under wet or air circumstances. Magnesium has to be alloyed with other elements to improve its material
characteristics. The pros and cons of different alloying elements have been extensively discussed. Some of the most
influential alloying elements and their effects on mechanical properties have been summarized below. It should be kept
in mind that very few elements are compatible with magnesium, therefore careful research of different elements is
required before alloying them with magnesium.

Magnesium often combines with other elements to make alloys. Alloys have been explored, and their wide
categorization has been covered. Depending on how many other elements are combined with magnesium, several alloys
may be created. Alloys using magnesium include Mg-Ca, Mg-Al, Mg-Zn, Mg-RE, Mg-Li, etc. Alloys may be cast alloys or
extruded alloys depending on whether or not they undergo any additional operations during production, such as
extrusion. The literature on the many kinds of magnesium alloys and their properties has been compiled and analyzed
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at depth. It should be observed that the mechanical characteristics of the extruded Mg alloys, such as yield strength,
ultimate tensile strength, or elongation, are superior to those of the cast Mg alloys. This is because after the secondary
procedure, the alloys' grains are refined and they have a uniform microstructure.

There are two primary categories of magnesium alloy composites. To maintain the lightweight features of magnesium
alloys, it is common practice to include nanoparticles (SiC, GNPs, B4 C, Al 203, etc.) or long and short fibers (glass fiber,
carbon fiber, etc.) into the alloy's composition. Composite materials that are suitable for the intended application have
been produced by integrally joining two or more materials using welding, diffusion, and bonding different materials
using magnesium alloys. Magnesium matrix composites are expected to provide a new method to improve the strength
and modulus of magnesium alloys. Functional magnesium materials show great potential and are becoming hotspots
for breakthroughs and packages of magnesium and magnesium alloys. Among them, hydrogen storage Mg substances,
battery Mg substances, bio-Mg substances, etc. have made speedy development andhave already shown their aggressive
benefits over conventional substances. Consequently, functional magnesium materials are expected to end up an crucial
growth point within the discipline of recent magnesium materials.
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