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   Abstract 
 

This comprehensive review article overviews AZ31, a highly researched magnesium alloy known 

for its exceptional mechanical properties, lightweight nature, and corrosion resistance. It covers the 

alloy's composition, microstructure, mechanical properties, applications, and prospects. AZ31's 

microstructure is influenced by its aluminum (Al) and zinc (Zn) composition, resulting in significant 

magnesium-aluminum intermetallic phase formation, critical for tailoring the alloy's properties to 

meet specific application needs. AZ31 exhibits impressive specific strength, excellent castability, 

and favorable ductility influenced by alloying elements, microstructure, and processing methods. 

The article discusses manufacturing processes like casting, rolling, and extrusion, which impact the 

alloy's microstructure and mechanical properties. It also explores the corrosion behavior of AZ31, 

emphasizing factors affecting corrosion resistance and strategies for improvement. Due to its 

lightweight properties, high strength-to-weight ratio, and electromagnetic shielding capabilities, 

AZ31 is widely used in various industries, including automotive, aerospace, electronics, and 

biomedical. Ongoing research focuses on alloy modifications, surface treatments, and additive 

manufacturing to enhance AZ31's properties and address challenges like limited formability and 

corrosion resistance. This review article is a valuable resource for researchers, engineers, and 

professionals exploring AZ31's potential for lightweight materials and diverse applications in 

different industries. 
 

 

 

1. Introduction* 

 

The demand for lightweight materials with superior 

mechanical properties has significantly increased in recent 

years [1]. Industries such as automotive, aerospace, 

electronics, and biomedical sectors constantly seek 

innovative solutions to reduce weight while maintaining 

high performance and durability. Nevertheless, the 

fundamental contradiction between low mass and 

increased strength remains an ongoing obstacle in pursuing 

engineering composites that meet desired standards [2]. In 

this context, magnesium alloys have emerged as promising 

alternatives, offering a combination of low density, high 

specific strength, and excellent castability [3]. AZ31 has 

gained significant attention among these alloys for its 

exceptional properties and wide-ranging applications [4]. 

AZ31 is a magnesium alloy primarily composed of 

aluminum (Al) and zinc (Zn) as the main alloying elements 

 
* Corresponding Author: erkan.tur@metu.edu.tr 

[5,6]. The designation "AZ31" refers to the nominal 

composition of 3% aluminum and 1% zinc [7]. This 

specific composition has been extensively studied and 

optimized to balance mechanical properties and 

processability. The alloy's remarkable characteristics make 

it highly attractive for various industries [8]. One of the 

critical advantages of AZ31 is its low density, which is 

approximately two-thirds that of aluminum and one-

quarter that of steel [9]. This remarkable lightweight 

property makes AZ31 a preferred choice for applications 

where weight reduction is crucial, such as the automotive 

and aerospace industries [10,11]. By incorporating AZ31 

components into vehicles and aircraft, manufacturers can 

enhance fuel efficiency, reduce emissions, and improve 

overall performance [12,13]. In addition to its low density, 

AZ31 demonstrates high specific strength [14]. Specific 

strength refers to the strength-to-weight ratio of a material 

and is a crucial factor in lightweight design. AZ31 exhibits 

excellent mechanical properties despite low density, 

including good tensile and yield strength [15,16]. These 
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properties make it suitable for load-bearing applications 

requiring strength and lightweight characteristics. 

Another notable feature of AZ31 is its excellent 

castability [17]. Casting is a widely used manufacturing 

technique for complex-shaped components [5, 18]. AZ31 

alloys can be easily cast into intricate designs, allowing to 

produce complex parts with reduced manufacturing costs 

[19]. AZ31 is a highly versatile material that is applicable 

in various fields due to its excellent castability and high 

specific strength. The AZ31 alloy has been widely utilized 

in diverse industries, demonstrating its versatility and 

suitability for various applications. AZ31 components are 

commonly employed in the automotive industry to 

manufacture lightweight vehicle structures, engine 

components, and transmission housings [20-21-22]. The 

utilization of AZ31 alloys in automotive contexts is 

associated with a reduction in overall weight, resulting in 

enhanced fuel efficiency and diminished environmental 

consequences [23]. AZ31 alloys are commonly employed 

in the aerospace sector to produce various aircraft 

components, including interior panels, seat frames, and 

structural parts [22, 24]. Using AZ31 alloys in aircraft is 

crucial for reducing overall weight, leading to improved 

fuel efficiency and greater capacity for carrying cargo [21-

25].  

Furthermore, the electronics industry benefits from 

the excellent electromagnetic shielding properties of AZ31. 

The alloy is used in electronic enclosures, connectors, and 

other components that require effective electromagnetic 

interference (EMI) shielding [26]. AZ31's high electrical 

conductivity and good shielding effectiveness make it an 

ideal choice for electronic applications where EMI 

protection is crucial. AZ31 alloys also exhibit potential in 

the biomedical field. Their biocompatibility and bio-

absorbability characteristics make them suitable for 

implantable medical devices [27, 28]. The alloy can be 

used in orthopedic implants, cardiovascular stents, and 

other biodegradable medical devices, providing temporary 

support during the healing process, and reducing the need 

for additional surgeries [27,29-32]. The importance of 

AZ31 in various industries can be attributed to its unique 

combination of properties. Its low density enables weight 

reduction, particularly important in industries striving for 

fuel efficiency and environmental sustainability [23,33-

34]. The high specific strength ensures that AZ31 

components maintain structural integrity while minimizing 

weight [34]. 

Additionally, the excellent castability of AZ31 allows 

for the production of complex components with reduced 

manufacturing costs [36,37]. However, it is essential to 

note that AZ31 alloys are not without their challenges. One 

significant challenge is their susceptibility to corrosion. 

Magnesium alloys, including AZ31, are prone to corrosion 

in specific environments. Efforts are being made to 

enhance the corrosion resistance of AZ31 through surface 

treatments and alloy modifications [37–39]. In recent 

years, research and development in AZ31 have focused on 

addressing these challenges and exploring new 

applications. Alloy modifications are being explored to 

enhance further the mechanical properties and corrosion 

resistance of AZ31 [40,41]. Surface treatments, such as 

coatings and anodization, are being investigated to 

improve the surface characteristics and protect against 

corrosion. Additive manufacturing techniques are also 

employed to fabricate complex AZ31 components with 

enhanced performance [42]. 

In conclusion, the demand for lightweight materials 

with superior mechanical properties has led to the 

exploration of magnesium alloys as promising alternatives. 

AZ31, with its low density, high specific strength, and 

good castability, has emerged as a favorable choice for 

various industries. Its lightweight properties make it 

especially appealing for applications where weight 

reduction is crucial, such as in the automobile and 

aerospace industries. The versatility of AZ31 is further 

evidenced by its applications in the electronics and 

biomedical industries. Ongoing research efforts aim to 

address the challenges associated with AZ31 and unlock its 

full potential through alloy modifications, surface 

treatments, and additive manufacturing techniques. This 

review article aims to provide a comprehensive 

understanding of the AZ31 magnesium alloy, covering its 

composition, microstructure, mechanical properties, 

processing techniques, applications, and prospects. By 

exploring the potential of AZ31, researchers, engineers, 

and professionals can further contribute to developing 

lightweight materials in diverse industries. 
 

2. Composition and microstructure of AZ31 

alloy 
 

The magnesium alloy AZ31 is predominantly 

comprised of aluminum (Al) and zinc (Zn) as its principal 

alloying constituents [43]. The nominal composition of 

AZ31 alloy is characterized by a content of 3% aluminum 

and 1% zinc [44]. The inclusion of alloying elements is of 

utmost importance in the determination of the 

microstructure and properties of AZ31 [45]. 

Table 1 presents comprehensive data about the 

intermetallic phases of magnesium-aluminum in the AZ31 

alloy. This includes details regarding their chemical 

composition, morphology, formation mechanism, and the 

consequential impact on the alloy's properties. The primary 

intermetallic phase, known as the β-phase (Mg 17-Al 12), 

exhibits a distinctive morphology of plate-like or dendritic 

structures. This phase emerges as a result of the 

solidification process. The hindrance of dislocation 

movement plays a significant role in enhancing the 

strength of AZ31, thereby leading to improved mechanical 

properties. 
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Table 1. Magnesium-Aluminum Intermetallic Phases in AZ31 

Intermetallic 

Phase 

Chemical 

Composition 
Morphology 

Formation 

Mechanism 
Influence on Properties Reference 

β-phase 

(Mg17Al12) 
Mg: Al ratio = 1.4:1 

Plate-like or 

dendritic 
Solidification 

Contributes to strengthening 

[46] Hinders dislocation movement 

Improves mechanical properties 

Al-Mg-Zn phase 

Variable composition 

depending on Zn 

content 

Varies Alloying and aging 

Modulates properties 

[47,48] 
Enhances precipitation 

hardening 

Influences mechanical 

properties 

Other intermetallic 

phases 
Various compositions 

Various 

morphologies 

Complex formation 

mechanisms 

Varied effects on properties 

depending on size and 

distribution 

in the microstructure 

[49,50] 

 

Furthermore, the properties of AZ31 are further 

influenced by the presence of other intermetallic phases 

that exhibit variable compositions and morphologies [46]. 

The mechanisms responsible for forming these phases can 

be intricate, encompassing alloying and aging processes. 

The mechanical properties of AZ31 are influenced by the 

precipitation hardening and the presence of the Al-Mg-Zn 

phase, which is dependent on the alloy's zinc (Zn) content. 

The mechanical properties of AZ31, including its strength, 

ductility, and other relevant characteristics, are subject to 

the influence of the size and distribution of intermetallic 

phases present within its microstructure. The presence of 

fine and evenly dispersed intermetallic particles typically 

leads to enhanced mechanical characteristics [47,48]. 

Nevertheless, the impact of different intermetallic phases 

on the characteristics of AZ31 can fluctuate based on their 

dimensions and arrangement within the microstructure. It 

is imperative to acknowledge that the table presents a 

comprehensive summary of the intermetallic phases of 

magnesium-aluminum in AZ31 [49,50]. The characteristics 

of intermetallic phases, including their composition, 

morphology, and effects, can exhibit variations influenced 

by factors such as the composition of the alloy, processing 

parameters, and heat treatments. Additional research and 

investigation are required to obtain a comprehensive 

comprehension of the intermetallic phases and their impact 

on the properties of AZ31. 

 

2.1. Alloying elements and their influence on 

the microstructure 

 

The addition of aluminum (Al) and zinc (Zn) as 

alloying elements to magnesium significantly influences 

the microstructure of AZ31 [51]. Aluminum forms a solid 

solution with magnesium, forming a homogeneous 

distribution of aluminum atoms within the magnesium 

matrix [52,53]. This solid solution formation improves the 

alloy's overall strength and mechanical properties [54]. On 

the other hand, zinc primarily precipitates as intermetallic 

phases in the AZ31 alloy [55-57]. These intermetallic 

phases, often called second-phase particles, play a crucial 

role in determining the microstructure and mechanical 

properties of AZ31 [58,59]. Zinc as intermetallic 

compounds affects the nucleation and growth of 

microstructural constituents during solidification and 

subsequent processing [56, 60]. The alloying elements, 

particularly the formation of intermetallic phases, 

profoundly impact on the microstructural characteristics of 

AZ31 [35,61]. These intermetallic particles' distribution, 

morphology, and size can vary based on factors such as 

alloy composition, solidification conditions, and 

subsequent thermal treatments [62]. The size and 

dispersion of intermetallic phases significantly influence 

the mechanical behavior and properties of the alloy 

[8,63,84]. In AZ31, the formation of magnesium-

aluminum intermetallic phases, such as the commonly 

observed β-phase (Mg 17-Al 12), strengthens the alloy 

[35,64]. These intermetallic particles act as barriers to 

dislocation movement, impeding their motion and 

enhancing the strength of the material [65]. The 

intermetallic phases can also affect other properties of 

AZ31, such as corrosion resistance and thermal stability 

[66]. Understanding the influence of alloying elements on 

the microstructure is crucial for tailoring the properties of 

AZ31 to meet specific application requirements. 

Controlling the composition and processing conditions 
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allows for the manipulation of the microstructural features, 

such as the size, distribution, and morphology of 

intermetallic phases [67]. This, in turn, enables the 

optimization of mechanical properties, such as strength, 

ductility, and toughness. Adjusting the alloy composition 

and processing conditions has a quantifiable impact on the 

microstructural characteristics. For instance, the Mg-9.6 

wt % Al splat demonstrates a rosetted two-phase structure 

within columnar chill zones measuring 15 to 20 

micrometers in width. In contrast, the Mg-16.0 wt % Al 

splats present a featureless chill zone approximately 40 

micrometers thick, succeeded by a distinct columnar-

dendritic zone and an equiaxed two-phase microstructure. 

Further, Mg-Al alloy ribbons exhibit consistent columnar 

growth across their entire cross-section, with 25 to 30 

micrometers thicknesses. Detailed transmission electron 

microscopy reveals that ribbon samples with 21.6 at % Al 

predominantly show a single-phase solidification structure 

featuring intragranular microcells ranging from 0.01 to 

0.40 micrometers. After a room temperature aging period 

of 7 months, an ordered coherent phase approximately 5 

nm in size emerges in Mg-21.6 at % Al ribbons, primarily 

at low-angle boundaries. These measurable microstructural 

adaptations correlate directly with enhancements in 

mechanical properties, where specific improvements in 

attributes such as strength, ductility, and toughness are 

observed. Figure 1 highlights the various alloying elements 

in AZ31 and their particular influence on the alloy's 

microstructure. It showcases the positive effects of each 

alloying element, aluminum, zinc, manganese, and 

calcium, on the microstructural characteristics of AZ31. It 

emphasizes their role in enhancing the alloy's mechanical 

properties, corrosion resistance, castability, and grain 

refinement. By presenting the information in an engaging 

manner, the figure provides a comprehensive 

understanding of the influence of alloying elements on the 

microstructure of AZ31. 

In conclusion, adding aluminum and zinc as alloying 

elements significantly influences the microstructure of 

AZ31. Aluminum forms a solid solution, while zinc 

primarily precipitates as intermetallic phases. Intermetallic 

particles, particularly the magnesium-aluminum 

intermetallic phases, influence the nucleation and growth 

of microstructural constituents, leading to variations in 

mechanical properties. The size, distribution, and 

morphology of these intermetallic phases can be controlled 

through alloy composition and processing conditions, 

allowing for tailored properties of AZ31 to meet specific 

application requirements. Further research and 

development in alloy design and processing techniques 

will continue to advance our understanding of the 

microstructure-property relationship in AZ31 magnesium 

alloy. 

 
Figure 1. Alloying Elements and their Influence on the 

Microstructure of AZ31 

 

2.2. Magnesium-aluminum intermetallic 

phases in AZ31 

 

AZ31 alloy is characterized by magnesium-aluminum 

intermetallic phases, with the most common being 

Mg17Al12, also known as the β-phase [68]. The formation 

of the β-phase occurs during solidification and 

significantly contributes to the strengthening of the AZ31 

alloy [69]. The β-phase is typically observed as plate-like 

or dendritic structures dispersed within the magnesium 

matrix. The distribution, morphology, and size of the β-

phase can vary depending on factors such as alloy 

composition and processing parameters [68,70,71]. For 

instance, the cooling rate during solidification influences 

the nucleation and growth of the β-phase, affecting its 

distribution within the microstructure [72]. The presence of 

the β-phase provides strengthening mechanisms in the 

AZ31 alloy [73]. It acts as a barrier to dislocation 
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movement, hindering their motion and impeding the 

deformation process [74]. This leads to improved 

mechanical properties, such as enhanced strength and 

hardness. Additionally, the β-phase contributes to the 

precipitation hardening of AZ31, further increasing its 

strength [75,76]. The size and morphology of the β-phase 

can be influenced by the alloy composition and processing 

parameters [77]. For instance, higher aluminum content 

promotes the formation of a more refined and dispersed β-

phase, resulting in improved mechanical properties [78]. 

However, excessive aluminum content can lead to the 

formation of coarse and clustered intermetallic phases, 

which may have a detrimental effect on the ductility and 

toughness of the alloy [79]. The processing parameters, 

such as solidification rate and heat treatment conditions, 

can also affect the distribution and size of the β-phase. 

Control of these parameters is crucial to achieving the 

desired microstructure and optimizing the mechanical 

properties of AZ31. Understanding the characteristics and 

behavior of magnesium-aluminum intermetallic phases, 

particularly the β-phase, in AZ31 is essential for tailoring 

the properties of the alloy to meet specific application 

requirements. Further research is ongoing to investigate the 

influence of alloy composition, processing conditions, and 

heat treatments on the formation and evolution of 

intermetallic phases in AZ31. Figure 2 visually represents 

the characteristics and behavior of the magnesium-

aluminum intermetallic phases, explicitly focusing on 

AZ31 alloy. It highlights the formation, morphology, 

distribution, and influence of these intermetallic phases on 

the microstructure and mechanical properties of AZ31. The 

diagram illustrates the complex relationship between alloy 

composition, processing parameters, and the resulting 

intermetallic phases. It provides valuable insights into the 

intermetallic phase behavior in AZ31, aiding in the 

understanding and optimization of this alloy for various 

applications. 

 

 
Figure 2. Characteristics and behavior of the magnesium-

aluminum intermetallic phases for AZ31 

 

In conclusion, the presence of magnesium-aluminum 

intermetallic phases, particularly the β-phase, is a 

characteristic feature of AZ31 alloy. The β-phase forms 

during solidification and significantly contributes to the 

strengthening of the alloy. The alloy composition and 

processing parameters can influence the distribution, 

morphology, and size of the β-phase. Understanding the 

behavior of these intermetallic phases is crucial for 

optimizing the mechanical properties of AZ31 and 

tailoring it for specific aerospace applications. Continued 

research efforts in alloy design and processing techniques 

will further enhance our understanding of the role of 

magnesium-aluminum intermetallic phases in AZ31. 

 

2.3. Effects of composition and 

microstructure on the properties of AZ31 

 

The properties of AZ31 are significantly influenced 

by its composition and microstructure [80-82]. The 

composition, particularly the content of aluminum (Al) and 

zinc (Zn), plays a crucial role in determining the 

mechanical and physical properties of the alloy [83]. 

Additionally, the microstructural characteristics, including 

the distribution and morphology of intermetallic phases, 

have a profound impact on the overall performance of 

AZ31 [3,84-85]. The β-phase, the predominant 

intermetallic phase in AZ31, and its distribution within the 

microstructure are key factors influencing the strength and 

ductility of the alloy [86]. Fine and uniformly distributed 

β-phase particles increase strength and improve 

mechanical properties [87]. These particles act as obstacles 

to dislocation movement, impeding plastic deformation 

and resulting in enhanced strength [88]. In contrast, 

lowered density, coarse or clustered β-phase particles can 

reduce ductility and toughness due to localized stress 

concentrations [89]. Moreover, the composition of AZ31 

also influences other important properties, such as 

corrosion resistance, thermal stability, and formability. By 

adjusting the content of aluminum and zinc, it is possible 

to optimize these properties for specific applications. For 

example, increasing the aluminum content can enhance the 

corrosion resistance of AZ31, making it more suitable for 

applications in corrosive environments. On the other hand, 

a higher zinc content can improve the castability of the 

alloy, allowing for more intricate and complex shapes to be 

manufactured. In their research, [90] conducted a precise 

calibration of the Mg-Sn-Al-Zn alloy composition, 

culminating in the development of an alloy designated as 

TAZ1031, with a specific composition of Mg-9.8Sn-3.0Al-

1.23Zn (wt%). This alloy was engineered to elicit an 

optimal age-hardening response, demonstrated by 

achieving a Vickers hardness (HV) of approximately E81 

following an extensive 360-hour aging process at 200°C. 

This strategic compositional optimisation involved 

meticulous adjustments to the elemental ratios to create the 
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prime conditions for forming strengthening precipitates 

within the alloy's matrix, a critical factor in enhancing the 

material's overall hardness during the age-hardening 

process. Furthermore, the study introduced trace amounts 

of Na into the TAZ1031 composition, resulting in a variant 

known as TAZ1031-0.1Na. This minor alteration was 

significant, markedly accelerating the kinetics of 

precipitate formation and thereby boosting the alloy's peak 

hardness levels. Its composition does not solely determine 

the microstructure of AZ31 but is also affected by the 

processing techniques employed [91,92]. Various 

manufacturing processes, such as casting, rolling, and 

extrusion, significantly impact the grain size, texture, and 

distribution of intermetallic phases in the final product 

[93,94]. Careful control of processing parameters, 

including temperature, cooling rate, and deformation 

conditions, is crucial to achieve the desired microstructural 

characteristics [95]. The optimization of the microstructure 

is essential for tailoring the properties of AZ31 to meet 

specific application requirements, such as balancing 

strength and ductility or achieving optimal corrosion 

resistance. Table 2 summarises how various aspects of 

AZ31 alloy's composition and microstructure influence its 

final properties.  

 

Table 2. Influence of Composition and Microstructural 

Factors on AZ31 Properties* 

Factor Effect 
Property 

Influenced 

Specific Change Ref. 

Composition 

(Aluminum 

content) 

Enhances 

corrosion 

resistance, 

improves 

tensile 

strength, 

affects 

formability 

Corrosion 

resistance, 

Mechanical 

Strength, 

Formability 

Tensile strength: 

247 MPa (3 wt% 

Al) to 303 MPa 

(8 wt% Al); 

Fracture 

elongation: 27% 

(3-5 wt% Al) to 

23% (8 wt% Al) 

[96-

98, 

138] 

Composition 

(Zinc 

content) 

Enhances 

strength, 

affects 

formability, 

improves wear 

performance 

and corrosion 

resistance 

Mechanical 

properties, 

Wear 

performance, 

Corrosion 

resistance 

Ideal Zinc 

content with 20% 

results in 

Compressive 

stress: up to 

318.96 MPa; 

Bending strength: 

up to 189.41 MPa 

[99, 

100, 

139, 

140] 

Composition 

(Mn content) 

Influences 

anode 

performance, 

affects grain 

size and 

mechanical 

properties 

Anode 

characteristics, 

Grain 

refinement, 

Mechanical 

properties 

Optimum Mn 

content for anode 

performance; 

Grain size 

refinement with 

0.5 wt% Mn 

[127, 

141, 

142] 

β-phase 

particle size 

and 

distribution 

Fine and 

uniformly 

distributed 

particles 

enhance the 

strength 

Mechanical 

strength 

Hardness 

increased to 5.4 

GPa from 1.2 

GPa; Elastic 

modulus 

increased to 67.3 

GPa from 44.5 

GPa due to NH+2 

ion implantation. 

[101,

102, 

145] 

 

Table 2. (Cont.) Influence of Composition and 

Microstructural Factors on AZ31 Properties* 

Factor Effect 
Property 

Influenced 

Specific Change Ref. 

β-phase 

particle size 

and 

distribution 

A high-volume 

fraction of 

uniformly 

distributed 

nanosized β-

phase particles 

is an effective 

corrosion 

barrier 

Corrosion 

Resistance 

Corrosion current 

density (Icorr) 

decreased, 

indicating 1.5-2 

times lower 

corrosion rates 

due to NH+2 ion 

implantation. 

[103,

104, 

145] 

Rolling 

Direction 

Higher yield 

strength 

parallel to the 

rolling 

direction 

Mechanical 

Properties 

Hardness up to 70 

Hv in T5 temper; 

Directional 

variation in yield 

strength 

[128, 

144] 

Processing 

Techniques 

Grain 

refinement via 

ECAP 

improves 

strength and 

elongation 

significantly 

Various 

properties, 

including 

strength, 

ductility, and 

corrosion 

resistance 

UTS: 105 to 249 

MPa, YS: 74 to 

162 MPa, 

Elongation: 5.1% 

to 28.5% 

[90-

94] 

Friction Stir 

Welding 

Rotation 

Rate (800-

3500 rpm) 

Increased UTS 

and joint 

efficiency, 

variable effects 

on YS and 

elongation  

Mechanical 

Properties 

UTS: ~255 MPa 

(upper zone, 3500 

rpm), YS: 104-

117 MPa, 

Elongation: 

minimal 

variation, 

Hardness: 50-60 

Hv 

 

[143] 

*Note: Aluminum and zinc are significant constituents of the AZ31 alloy, with 'Al' representing 

aluminum and 'Zn' zinc. The β-phase refers to the intermetallic phase in the alloy, which 

significantly influences the material's mechanical properties. 

 

In summary, the composition and microstructure of 

AZ31 play vital roles in determining its mechanical and 

physical properties. The distribution and morphology of 

the β-phase significantly influence the alloy's strength and 

ductility. Adjusting the aluminum and zinc content 

optimises properties such as corrosion resistance and 

castability. Additionally, the choice of processing 

techniques and careful control of processing parameters are 

essential for achieving the desired microstructural 

characteristics and optimizing the properties of AZ31 for 

specific applications. A comprehensive understanding of 

the composition-microstructure-property relationship is 

crucial for successfully utilising AZ31 in aerospace 

applications and further advancements in alloy design and 

processing techniques. 
 

3. Mechanical Properties of AZ31 Alloy 
 

AZ31 alloy exhibits a range of mechanical properties 

that make it suitable for various aerospace applications 

[105, 106]. Understanding the mechanical behavior of 

AZ31 is crucial for optimizing its performance in specific 

engineering scenarios. This section explores the key 

mechanical properties of AZ31 and discusses the factors 
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that influence them. Table 3 represents the chemical 

composition of AZ31 alloy [112]. 
 

Table 3. Chemical composition of AZ31 Alloy 
Magnesium AZ31 Alloy Composition (wt%) 

Element Al Zn Mn Cu Ni Si Mg 

wt% 2.5 – 3.5 0.7 – 1.3 0.2 0.05 0.005 0.05 Balance 

 

Figure 3 visually represents the mechanical properties 

of AZ31 alloy and the factors that influence them. The 

diagram highlights three key mechanical properties: 

Tensile Strength, Yield Strength, and Ductility. It further 

illustrates the influence of factors such as Alloy 

Composition, Microstructural Characteristics, and 

Processing Techniques on each of these mechanical 

properties. The diagram emphasizes the interconnectedness 

between the mechanical properties and the various factors 

affecting them. 

 
Figure 3. Mechanical Properties of AZ31 Alloy and the 

Influencing Factors 
 

3.1. Tensile strength, yield strength, and 

ductility 
 

Tensile strength and yield strength are fundamental 

mechanical properties that provide insights into the ability 

of AZ31 to withstand applied forces without permanent 

deformation. AZ31 exhibits high tensile strength and yield 

strength, making it well-suited for load-bearing aerospace 

components [107-109]. These properties are influenced by 

various factors, including the presence of the magnesium-

aluminum intermetallic phase, particularly the β-phase. 

The β-phase in AZ31 plays a significant role in enhancing 

its strength [98]. The fine and uniformly distributed β-

phase particles act as barriers to the movement of 

dislocations, effectively impeding their motion [88]. This 

impediment contributes to the strengthening of AZ31, 

resulting in its high tensile strength and yield strength. In 

addition to strength, ductility is another essential 

mechanical property that characterizes the ability of a 

material to undergo plastic deformation without fracturing. 

AZ31 demonstrates reasonable ductility, allowing it to 

undergo shaping and deformation during manufacturing 

[110,111]. However, achieving an optimal balance 

between strength and ductility is crucial for aerospace 

applications [112]. The ductility of AZ31 is influenced by 

several factors, including its alloy composition, 

microstructural characteristics, and processing techniques. 

The presence of intermetallic phases and their distribution 

within the microstructure can affect the ductility of AZ31. 

Fine and uniformly dispersed intermetallic particles can 

promote more homogeneous deformation, thereby 

enhancing the alloy's ductility. On the other hand, coarse 

or clustered intermetallic phases may lead to localized 

stress concentrations, reducing the overall ductility of 

AZ31. Furthermore, alloy composition and processing 

techniques play a significant role in determining the 

ductility of AZ31. Appropriate alloy design, such as 

optimizing the aluminum and zinc content, can help 

achieve the desired balance between strength and ductility. 

Similarly, careful control of processing parameters, such as 

temperature, cooling rate, and deformation conditions, is 

necessary to maintain the desired microstructural 

characteristics and, consequently, the ductility of AZ31. 

 

Table 4. Comprehensive Overview of Various Studies 

Conducted on the Tensile Strength, Yield Strength, and 

Ductility of the AZ31 alloy. 

Study 

Reference 
Objective Findings 

Key 

Observations 

[113] 

Investigate the 

effect of alloy 

composition 

Higher aluminum 

content increased 

tensile strength 

and yield 

strength while 

slightly reducing 

ductility. 

Aluminum 

content impacts 

tensile and yield 

strength. 

[114] 

Analyze the 

influence of 

heat treatment 

Aging at higher 

temperatures 

enhanced tensile 

strength, yield 

strength, and 

ductility due to 

the precipitation 

of fine 

intermetallic 

phases. 

Heat treatment 

affects both 

strength and 

ductility. 

[115] 

Examine the 

impact of 

processing 

conditions 

Rolling at higher 

temperatures 

improved 

ductility while 

marginally 

reducing tensile 

and yield 

strength. 

Processing 

temperature 

affects ductility. 

Ductility 

increases with 

rolling 

temperature. 

[116] 

Study the role 

of 

intermetallic 

phases 

Fine and 

uniformly 

distributed 

intermetallic 

phases increased 

tensile strength 

and yield 

strength. Coarse 

or clustered 

phases led to 

reduced ductility. 

Intermetallic 

phase 

distribution 

affects both 

strength and 

ductility. 
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Table 4. (Cont.) Comprehensive Overview of Various 

Studies Conducted on the Tensile Strength, Yield Strength, 

and Ductility of the AZ31 alloy. 

Study 

Reference 
Objective Findings 

Key 

Observations 

[117] 

Investigate the 

influence of 

grain size 

Smaller grain 

size resulted in 

higher tensile 

strength, yield 

strength, and 

ductility. 

Grain size 

affects both 

strength and 

ductility. 

[118] 

Explore the 

effect of 

processing 

technique 

Extrusion led to 

improved tensile 

strength and 

yield strength, 

while slightly 

reducing 

ductility. 

Extrusion 

affects both 

strength and 

ductility. 

[119] 

Analyze the 

impact of 

alloying 

elements 

Addition of rare 

earth elements 

improved tensile 

strength and 

yield strength 

without 

significantly 

affecting 

ductility. 

Rare earth 

elements impact 

tensile and yield 

strength. 

[120] 

Study the 

influence of 

microstructure 

Fine and 

homogeneous 

microstructure 

resulted in higher 

tensile strength, 

yield strength, 

and ductility. 

Microstructural 

characteristics 

affect both 

strength and 

ductility. 

[23, 121] 

Investigate the 

role of 

processing 

route 

Equal channel 

angular pressing 

increased tensile 

strength and 

yield strength 

while 

maintaining 

ductility. 

Processing route 

affects tensile 

and yield 

strength. The 

mechanical 

properties, 

particularly 

hardness, 

ultimate tensile 

strength, and 

elongation, 

exhibited 

significant 

improvements 

following each 

pass of equal 

channel angular 

pressing 

(ECAP). 

 

 

 

 

 

 

 

 

 

Table 4. (Cont.) Comprehensive Overview of Various 

Studies Conducted on the Tensile Strength, Yield Strength, 

and Ductility of the AZ31 alloy. 

Study 

Reference 
Objective Findings 

Key 

Observations 

[122] 

Examine the 

effect of 

cryogenic 

cooling rate 

Rapid cooling 

during 

solidification 

enhanced tensile 

strength, yield 

strength, and 

ductility with 

cryogenic 

cooling. 

Cooling rate 

impacts both 

strength and 

ductility. 

An enhancement 

in performance 

is attained 

through a 50% 

increase in yield 

strength, a 58% 

increase in 

ultimate tensile 

strength, and a 

174% increase 

in elongation. 

[123] 

Analyze the 

influence of 

alloying 

elements 

Addition of zinc 

improved tensile 

strength and 

yield strength, 

while 

maintaining 

ductility. 

Zinc content 

impacts tensile 

and yield 

strength. 

Addition of Zn 

increased both 

tensile strength 

and ductility. 

[124] 

Study the 

impact of deep 

cryogenic 

treatment 

Deep cryogenic 

treatment 

increased 

elongation and 

tensile properties. 

Deep cryogenic 

treatment 

enhanced 

mechanical 

properties. It 

resulted in 

precipitation 

formation and 

fine grain size. 

[125] 

Investigate the 

impact of deep 

cryogenic 

treatment 

duration 

An increase in 

the duration of 

cryogenic 

treatment leads to 

a corresponding 

increase in the 

tensile strength. 

Increase in 

cryogenic time 

enhances the 

mechanical 

properties. 

[126] 

Investigate the 

effect of strain 

rate 

Higher strain 

rates increased 

tensile strength 

and yield 

strength but 

decreased 

ductility. 

Strain rate 

influences both 

strength and 

ductility. 

[129] 

Impact of 

equal-channel 

angular 

extrusion 

(ECAE) on the 

mechanical 

properties 

The 

ECAE/annealed 

alloy exhibited 

lower yield 

strength, but 

much higher 

tensile ductility 

(50% elongation 

to failure) 

compared to the 

conventionally 

extruded alloy. 

ECAE 

influences both 

yield strength 

and ductility. 
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Table 4. (Cont.) Comprehensive Overview of Various 

Studies Conducted on the Tensile Strength, Yield Strength, 

and Ductility of the AZ31 alloy. 

Study 

Reference 
Objective Findings 

Key 

Observations 

[130] 

Explore the 

effect of pre-

deformation 

Pre-deformation 

increases the 

yield strength of 

the AZ31 alloy in 

subsequent 

compression. 3% 

pre-deformation 

increased the 

yield strength by 

67% while 5% 

pre-deformation 

increased it by 

130% compared 

to the non-pre-

deformed alloy. 

There is a 

positive 

correlation 

between the 

magnitude of 

pre-deformed 

texture strength 

resulting from 

pre-deformation 

and the 

subsequent yield 

strength during 

compression. 

This implies that 

weakening the 

basal texture is 

more significant 

in enhancing 

strength than 

grain 

refinement. 

[131] 

Analyze the 

effect of 

temperature 

under tensile 

loading 

Plastic anisotropy 

is strongly 

reduced with 

increased 

temperature, but 

it improves 

deformability.  

Temperature 

affects both 

mechanical 

properties and 

microstructure. 

[132] 

Investigate the 

mechanical 

properties of 

the CoreFlow 

method 

Using this 

method improves 

ductility, and  

fine, 

heterogeneous 

grains with an 

average size of 

6.5 ± 4.2 μm, 

compared to 20.5 

± 9.4 μm for the 

traditional 

methods. 

Processing 

technique 

affects grain size 

and mechanical 

properties. 

[133] 

Study the 

effect of grain 

boundary 

misorientation 

The authors 

conclude that 

adjusting the 

grain boundary 

misorientation 

distribution could 

be a new way to 

improve ductility 

of magnesium 

alloys. More 

grain boundaries 

promote slip 

transfer, 

accommodate 

more strain, and 

improve grain 

compatibility. 

Grain boundary 

characteristics 

affect both 

strength and 

ductility. 

 

 

Table 4. (Cont.) Comprehensive Overview of Various 

Studies Conducted on the Tensile Strength, Yield Strength, 

and Ductility of the AZ31 alloy. 

Study 

Reference 
Objective Findings 

Key 

Observations 

[134] 

Investigate the 

influence of 

powder 

metallurgy 

The primary 

mechanisms that 

enhance the 

strength of the 

material under 

investigation 

include grain 

boundary 

strengthening, 

thermal mismatch 

between 

magnesium and 

vanadium 

particles, Orowan 

strengthening, 

and load transfer. 

The primary 

factor 

contributing to 

the strengthening 

of the material 

was grain 

boundary 

strengthening. 

The utilization of 

sub-micron 

vanadium particles 

as a means of 

reinforcement has 

been found to 

enhance the 

mechanical 

properties of the 

AZ31 alloy when 

compared to its as-

cast state. These 

improvements 

include a 

significant 

increase in 

microhardness by 

102%, a 

substantial boost 

in yield strength 

by 128%, a 

notable 

enhancement in 

ultimate tensile 

strength by 59%, 

and a modest 

increase in 

elongation by 

10%. 

[135] 

Examine the 

effect of 

residual hot 

rolling versus 

symmetric 

rolling 

The AZ31 sheet 

that underwent 

RHR processing 

exhibited a higher 

yield strength 

(YS) of 194 MPa 

and ultimate 

tensile strength 

(UTS) of 311 

MPa, in contrast 

to the SR 

processed sheet 

which 

demonstrated a 

yield strength of 

168 MPa and 

ultimate tensile 

strength of 267 

MPa. 

RHR and SR 

affect both 

strength and 

ductility. The 

RHR processed 

sheet also 

exhibited higher 

elongation to 

failure of 22% 

compared to 18% 

for the SR 

processed sheet. 

[136] 

Study the 

influence of 

precipitation 

aging 

The process of 

precipitation 

aging has been 

observed to result 

in an 

enhancement of 

both tensile 

strength and yield 

strength, albeit 

with a slight 

reduction in 

ductility. 

Precipitation aging 

affects both 

strength and 

ductility. 
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Table 4 provides a comprehensive summary of recent 

studies conducted to investigate the tensile strength, yield 

strength, and ductility of AZ31 alloy. Each row represents 

a specific study identified by a study reference. The 

objective of each study is described, along with the 

corresponding findings and key observations. The studies 

cover various aspects, including alloy composition, heat 

treatment, processing conditions, microstructure, alloying 

elements, and other factors influencing the mechanical 

properties of AZ31. This table serves as a valuable 

resource for researchers and engineers in the aerospace 

industry, enabling them to gain insights into the factors 

that affect the mechanical behavior of AZ31 and assist in 

optimising its performance for aerospace applications. 

In summary, AZ31 exhibits high tensile and yield 

strength, making it suitable for load-bearing aerospace 

components. The presence of the β-phase, with its fine and 

uniformly distributed particles, contributes significantly to 

the strength of AZ31 by impeding dislocation movement. 

Additionally, AZ31 demonstrates reasonable ductility, 

which allows for deformation and shaping during 

manufacturing processes. Achieving an optimal balance 

between strength and ductility is crucial for successful 

aerospace applications. Alloy composition, microstructural 

characteristics, and processing techniques influence the 

mechanical properties, including strength and ductility, of 

AZ31. Ongoing research and development efforts aim to 

optimize the mechanical properties of AZ31 further 

through alloy design and processing techniques to meet the 

specific requirements of aerospace applications. 

 

3.2. Hardness and impact resistance 

 

Hardness is a crucial mechanical property that 

measures a material's resistance to indentation or 

scratching. AZ31 exhibits a moderate hardness, which is 

influenced by the presence and distribution of intermetallic 

phases within its microstructure. Proper control of alloy 

composition and processing parameters is essential to 

achieve the desired hardness for specific aerospace 

applications. The hardness of AZ31 is influenced by 

several factors, including the type and amount of 

intermetallic phases present. The intermetallic phases, such 

as the β-phase, contribute to the overall hardness of the 

alloy. These phases act as obstacles to the movement of 

dislocations, making it more difficult for deformation to 

occur and leading to an increased hardness value. 

However, achieving an optimal balance between hardness 

and other mechanical properties is crucial to ensure the 

material's overall performance. The distribution of 

intermetallic phases within the microstructure is another 

critical factor that affects the hardness of AZ31. Fine and 

uniformly dispersed β-phase particles contribute to higher 

hardness values, as they provide a more effective 

hindrance to dislocation movement. On the other hand, 

coarse or clustered intermetallic particles may result in 

localized areas of increased hardness, but overall, it can 

lead to reduced ductility and toughness [89,116]. Impact 

resistance is a critical consideration for materials used in 

aerospace components, as they may be subjected to sudden 

impact or high-stress conditions during operation. The 

impact resistance of AZ31 is influenced by its 

microstructural characteristics, particularly the size and 

distribution of intermetallic phases [137]. The presence of 

fine and uniformly dispersed β-phase particles can improve 

the impact resistance of AZ31 by dissipating energy and 

preventing crack propagation. When an impact or load is 

applied to the material, the fine β-phase particles act as 

stress concentrators, allowing for efficient energy 

absorption. This energy absorption mechanism helps to 

reduce the propagation of cracks and improve the overall 

impact resistance of the alloy. Consequently, this leads to 

enhanced reliability and durability of aerospace 

components made from AZ31. Optimizing the impact 

resistance of AZ31 requires careful control of the alloy's 

microstructure, particularly the distribution and 

morphology of the intermetallic phases. Alloy design and 

processing techniques are vital in achieving the desired 

microstructural characteristics that promote improved 

impact resistance. It is essential to strike a balance between 

hardness, ductility, and impact resistance to ensure the 

optimal performance of AZ31 in aerospace applications. 

Table 5 provides a comprehensive overview of the 

influence of intermetallic phases and microstructural 

characteristics on the hardness and impact resistance of 

AZ31 alloy. It highlights the factors that affect the 

hardness, such as the presence and distribution of 

intermetallic phases. It explains how proper control of 

alloy composition and processing parameters can achieve 

the desired hardness for specific aerospace applications. 

Additionally, the table explores the impact resistance of 

AZ31, emphasizing the role of microstructural 

characteristics, particularly the size and distribution of 

intermetallic phases. It also discusses the importance of 

achieving a balance between hardness, ductility, and 

impact resistance to ensure optimal performance. The table 

provides valuable insights for researchers and engineers in 

the aerospace industry, aiding in the understanding and 

optimization of AZ31 alloy for aerospace applications. 
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Table 5. Summary of Influence of Intermetallic Phases and 

Microstructure on Hardness and Impact Resistance of 

AZ31 Alloy 

Aspect Influence Explanation 

Hardness 

Presence and 

distribution of 

intermetallic 

phases 

The hardness of AZ31 is 

influenced by the type and 

quantity of intermetallic phases, 

with particular emphasis on the 

β-phase. The aforementioned 

phases serve as impediments to 

the movement of dislocations, 

thereby augmenting the hardness 

of the material. The precise 

management of alloy 

composition and processing 

parameters is imperative in order 

to attain the targeted hardness 

levels for aerospace applications 

of a specific nature. 

Hardness 

Distribution of 

intermetallic 

phases 

Fine and uniformly dispersed β-

phase particles contribute to 

higher hardness values by 

effectively hindering dislocation 

movement. On the other hand, 

the presence of coarse or 

clustered intermetallic particles 

can lead to localized areas of 

increased hardness but may result 

in reduced ductility and 

toughness. 

Impact 

resistance 

Microstructural 

characteristics 

The impact resistance of AZ31 is 

influenced by the size and 

distribution of intermetallic 

phases present in its 

microstructure. Fine and 

uniformly dispersed β-phase 

particles enhance impact 

resistance by dissipating energy 

and preventing crack 

propagation. During an impact or 

load application, these particles 

act as stress concentrators, 

facilitating efficient energy 

absorption and reducing crack 

propagation. This mechanism 

improves the overall impact 

resistance of AZ31, enhancing 

the reliability and durability of 

aerospace components made 

from this alloy. 

Impact 

resistance 

Intermetallic 

phase 

distribution and 

morphology 

Careful control of the 

microstructural characteristics, 

including the distribution and 

morphology of intermetallic 

phases, is essential for optimizing 

the impact resistance of AZ31. 

Alloy design and processing 

techniques are crucial in 

achieving the desired 

microstructure, promoting 

improved impact resistance. 

Striking a balance between 

hardness, ductility, and impact 

resistance is necessary to ensure 

the optimal performance of AZ31 

in aerospace applications. 

Table 5. (Cont.) Summary of Influence of Intermetallic 

Phases and Microstructure on Hardness and Impact 

Resistance of AZ31 Alloy 

Aspect Influence Explanation 

Impact 

resistance 

Balance with 

other 

mechanical 

properties 

Achieving an optimal balance 

between hardness, ductility, and 

impact resistance is crucial to 

ensure the overall performance 

and reliability of AZ31 in 

aerospace components. While 

higher hardness can enhance 

impact resistance, it must be 

carefully balanced with ductility 

and toughness to avoid 

compromising the material's 

overall mechanical properties. 

Careful control of alloy 

composition, microstructural 

characteristics, and processing 

parameters is necessary to 

achieve the desired balance and 

optimize the impact resistance of 

AZ31. 

Research and 

Development 

Microstructural 

optimization 

Continued research and 

development efforts focus on 

optimizing the microstructural 

characteristics of AZ31 to 

enhance its hardness and impact 

resistance for a wide range of 

aerospace applications. These 

efforts involve investigating alloy 

design, processing techniques, 

and microstructural control to 

achieve improved mechanical 

properties, including hardness 

and impact resistance. By 

refining the microstructure, 

researchers aim to enhance the 

overall performance and 

reliability of AZ31 in aerospace 

components. 

 

In summary, AZ31 exhibits a moderate hardness 

influenced by the presence and distribution of intermetallic 

phases within its microstructure. Properly controlling alloy 

composition and processing parameters is necessary to 

achieve the desired hardness for specific aerospace 

applications. The impact resistance of AZ31 is influenced 

by its microstructural characteristics, particularly the size 

and distribution of intermetallic phases. Fine and 

uniformly dispersed β-phase particles enhance the impact 

resistance of AZ31 by dissipating energy and impeding 

crack propagation. Achieving an optimal balance between 

hardness, ductility, and impact resistance is crucial to 

ensure the overall performance and reliability of AZ31 in 

aerospace components. Continued research and 

development efforts are focused on optimizing the 

microstructural characteristics of AZ31 to enhance its 

hardness and impact resistance for a wide range of 

aerospace applications. Figure 4 visually depicts the 
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intricate relationship between intermetallic phases, 

microstructural characteristics, hardness, and impact 

resistance of AZ31 alloy. It showcases how the presence 

and distribution of intermetallic phases, along with proper 

alloy composition and processing parameters, impact the 

hardness of AZ31. Additionally, the figure illustrates the 

influence of microstructural characteristics, such as the 

size and distribution of intermetallic phases, on the impact 

resistance of the alloy. It highlights the significance of 

achieving a fine and uniformly dispersed β-phase and the 

balance between hardness, ductility, and impact resistance. 

The figure underscores the ongoing research and 

development efforts dedicated to optimizing the 

microstructural characteristics of AZ31 to enhance its 

hardness and impact resistance for a wide range of 

aerospace applications. It provides a comprehensive visual 

representation of the factors influencing the mechanical 

properties, aiding researchers and engineers in 

understanding and optimizing the performance of AZ31 

alloy. 

 

 
Figure 4. Interplay of Intermetallic Phases and 

Microstructural Characteristics in Determining Hardness 

and Impact Resistance of AZ31 Alloy 

 

3.3. Alloying, Microstructure, and Processing 

Effects on Mechanical Characteristics 

 

The mechanical characteristics of AZ31, such as its 

strength, ductility, and other significant properties, are 

subject to influence from a range of factors, encompassing 

alloy composition, microstructural features, and processing 

methodologies. Comprehending and managing these 

factors are imperative in order to customize the mechanical 

characteristics of AZ31 to fulfill precise demands in 

aerospace applications. The composition of the alloy 

significantly influences the mechanical properties of AZ31. 

The microstructural characteristics of an alloy can be 

influenced by the inclusion of alloying elements, such as 

aluminum (Al) and zinc (Zn). This influence can be 

observed in the distribution and morphology of 

intermetallic phases [47,48]. The presence of well-

distributed intermetallic particles in an alloy has been 

observed to improve its mechanical properties 

significantly. This is primarily attributed to the hindrance 

of dislocation motion and the resulting strengthening 

effect. The influence of the β-phase, which is the 

predominant intermetallic phase in AZ31, has a notable 

impact on the strength and mechanical properties of the 

alloy [46]. By modifying the alloy composition, it is 

possible to optimize the distribution and size of 

intermetallic phases in order to finely adjust the 

mechanical properties of AZ31. The mechanical properties 

of AZ31 are significantly influenced by various processing 

techniques, including casting, rolling, and extrusion. These 

techniques influence the microstructure by impacting the 

grains' dimensions, the crystal lattice's orientation, and the 

arrangement of intermetallic phases. It is imperative to 

exercise meticulous control over processing parameters, 

including temperature, cooling rate, and deformation 

conditions, in order to effectively enhance the 

microstructural properties and, consequently, the 

mechanical performance of AZ31. Employing suitable heat 

treatment techniques can result in the refinement of the 

grain structure and facilitate the development of a more 

homogeneous dispersion of intermetallic phases, thereby 

enhancing the mechanical properties. Casting processes, 

such as sand casting and permanent mold casting, are 

frequently employed in the aerospace industry to 

manufacture intricate aerospace components with complex 

geometries. The cooling rate significantly influences the 

microstructural characteristics of the cast AZ31 alloy 

during solidification. The process of rapid cooling has the 

potential to yield a microstructure that is both fine and 

homogeneous, thereby enhancing the mechanical 

properties of the material. On the other hand, the 

deceleration of cooling rates can result in the creation of 

more extensive intermetallic phases and a coarser 

microstructure, which may potentially undermine the 

mechanical properties. The production of AZ31 sheets and 

profiles involves the utilization of rolling and extrusion 

processes, respectively. These processes result in plastic 

deformation, which impacts various factors such as the size 

of grains, the orientation of crystallographic texture, and 

the dispersion of intermetallic phases. The precise 

management of rolling or extrusion parameters, including 

reduction ratio and annealing conditions, plays a vital role 

in attaining the intended microstructural attributes and 

maximizing the mechanical properties of AZ31. 

Overall, alloy composition, microstructural 

characteristics, and processing techniques significantly 

influence the mechanical properties of AZ31. The presence 
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of alloying elements and the distribution of intermetallic 

phases play a vital role in enhancing the mechanical 

properties of AZ31. Additionally, controlling the 

microstructure through appropriate processing techniques, 

such as casting, rolling, and extrusion, allows for tailoring 

the mechanical properties to meet specific aerospace 

requirements. Continued research and development efforts 

focused on alloy design, microstructural control, and 

processing optimization will further advance our 

understanding and utilization of AZ31 in the aerospace 

industry. 

 

4. Ongoing Research and Future Prospects 

 

4.1. Current Research Efforts in Advancing 

AZ31 Properties for Aerospace 

 

Current research efforts are focused on advancing the 

properties of AZ31 alloy to enhance its suitability for 

aerospace applications further. Researchers are exploring 

various approaches to improve the mechanical, thermal, 

and corrosion resistance properties of AZ31. Alloy 

modification techniques, such as the addition of trace 

elements or alloying with other elements, are being 

investigated to tailor the microstructure and enhance 

specific properties. Moreover, researchers are optimizing 

processing techniques to achieve finer grain sizes, 

improved texture, and better control over intermetallic 

phase distribution. This research aims to enhance the 

strength, ductility, fatigue resistance, and overall 

performance of AZ31 in aerospace environments. 

 

4.2. Exploration of Novel Alloys and 

Composites Based on AZ31 

 

In addition to the advancement of AZ31 properties, 

researchers are exploring the development of novel alloys 

and composites based on the AZ31 matrix. By 

incorporating various reinforcing materials, such as 

nanoparticles, fibers, or laminates, into the AZ31 matrix, 

researchers aim to create hybrid materials with superior 

mechanical properties. These efforts involve the evaluation 

of different reinforcement architectures, volume fractions, 

and interfacial bonding mechanisms. The development of 

such AZ31-based composites holds great potential for 

achieving enhanced strength, stiffness, and damage 

tolerance while maintaining the advantageous 

characteristics of AZ31 alloy. 

 

 

4.3. Emerging Trends and Future Prospects 

for AZ31 in the Aerospace Industry 

 

AZ31 alloy has already demonstrated its suitability 

for a wide range of aerospace applications. However, 

ongoing research and emerging trends indicate a promising 

future for AZ31 in the aerospace industry. With continued 

advancements in alloy design, processing techniques, and 

composite development, AZ31 is expected to exhibit even 

better mechanical properties, corrosion resistance, thermal 

stability, and formability. Moreover, the use of AZ31-

based materials is being explored in critical aerospace 

components, such as engine parts, structural components, 

and aerospace fasteners, which require high strength, 

lightweight, and excellent fatigue resistance. Furthermore, 

AZ31's excellent recyclability and sustainability make it an 

attractive choice for environmentally conscious aerospace 

manufacturing. Overall, the prospects for AZ31 in the 

aerospace industry look promising, and further research 

and development efforts will continue to push the 

boundaries of its applications and performance. Figure 5 

illustrates the interconnection between current research 

efforts in advancing AZ31 properties for aerospace, the 

exploration of novel alloys and composites based on AZ31, 

and the emerging trends and prospects for AZ31 in the 

aerospace industry. 

 
Figure 5. Interconnected Research and Prospects for AZ31 

in Aerospace Applications 

 

5. Conclusion 

 

5.1. Summary of the Key Findings and 

Contributions of AZ31 in the Aerospace Industry 

 

In conclusion, AZ31 alloy has proven to be a versatile 

and potentially helpful material in the aerospace industry. 

Aerospace components can benefit significantly from their 

low density, high specific strength, outstanding castability, 

and superior corrosion resistance. The mechanical 

characteristics and overall performance of AZ31 in the 

aerospace industry have been improved thanks to the 

research and development efforts in understanding the 

influence of alloy composition, microstructure, and 

processing techniques. The presence of magnesium-

aluminum intermetallic phases, such as the β-phase, has 



Erkan TUR et al. / Koc. J. Sci. Eng., 7(2): (2024) 109-130 

122 

been found to influence the strength and toughness of the 

alloy significantly. Control of cooling rates during 

solidification and optimization of heat treatment processes 

have been crucial in achieving desired microstructural 

characteristics and mechanical properties. The casting, 

rolling, and extrusion techniques have enabled the 

production of complex-shaped components, sheets, and 

profiles, respectively, with improved mechanical 

properties. Moreover, ongoing research in alloy 

modification and composite development based on AZ31 

matrix shows great potential for further enhancing the 

material's properties and expanding its applications in 

aerospace. 

 

5.2. Prospects for Ongoing Development and 

Utilization in Aerospace Materials 

 

The potential for further development and 

applications of AZ31 in aerospace materials is promising. 

Continued research and innovation in alloy design, 

processing techniques, and composite development will 

lead to improved performance and expanded application 

areas. Advancements in alloy modification techniques, 

such as the addition of trace elements and alloying with 

other elements, will allow tailoring of AZ31's 

microstructure and properties to meet specific aerospace 

requirements. Further optimization of processing 

parameters, including rolling, extrusion, and heat 

treatment, will enable the production of AZ31 with finer 

microstructures, enhanced texture, and controlled 

distribution of intermetallic phases. Exploring novel alloys 

and composites based on the AZ31 matrix, incorporating 

reinforcing materials, will open up new possibilities for 

achieving superior mechanical properties and 

multifunctional characteristics. Additionally, the 

recyclability and sustainability of AZ31 make it an 

attractive choice for eco-friendly aerospace manufacturing 

practices. 

In conclusion, AZ31 alloy has significantly 

contributed to the aerospace industry with its unique 

properties and excellent performance. The ongoing 

research and development efforts and the potential for 

further advancements position AZ31 as a promising 

material for future aerospace applications. Continued 

exploration of its properties, optimization of manufacturing 

processes, and development of novel alloys and 

composites will further propel the utilization of AZ31 in 

the aerospace materials landscape. 
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