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Abstract - This research review examines the mechanical and physical properties of zinc-aluminium metal matrix 

composites (MMCs). MMCs are materials composed of metal matrix reinforced with metal, ceramic, or polymeric 

particles, fibres, or sheets. In particular, this review focuses on the properties of zinc-aluminium MMCs, a relatively 

novel material. It discusses the advantages and disadvantages of zinc-aluminium MMCs compared to conventional 

materials. It provides an overview of the mechanical and physical properties of zinc-aluminium MMCs, such as 

compressive strength, modulus of elasticity, coefficient of thermal expansion, thermal conductivity, electrical 

conductivity, and corrosion resistance. The review also covers the various processing techniques used to manufacture 

zinc-aluminium MMCs, such as powder metallurgy, casting, and hot pressing. The review concludes with a discussion of 

the potential applications of zinc-aluminium MMCs. This review provides an overview of the mechanical and physical 

properties of zinc-aluminium metal matrix composites (MMCs). The advantages and disadvantages of these materials are 

compared to conventional materials and presents an overview of their mechanical and physical properties, such as 

compressive strength, modulus of elasticity, coefficient of thermal expansion, thermal conductivity, electrical 

conductivity, and corrosion resistance. The review also covers the various processing techniques used to manufacture 

zinc-aluminium MMCs, as well as their potential applications. The research review provides valuable insight into the 

properties and potential applications of zinc-aluminium MMCs, and could be of great use to engineers and materials 

scientists seeking to make use of this novel material. 
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I. INTRODUCTION 

Metal matrix composites (MMCs) are materials composed of metal matrix reinforced with metal, ceramic, or polymeric 

particles, fibres, or sheets. These materials offer a number of advantages over conventional materials, and their 

applications are continuously expanding. One of the most promising MMCs is the zinc-aluminium (Zn-Al) metal matrix 

composite (MMC). Zn-Al MMCs are relatively novel materials, and until now, there has been limited research on their 

mechanical and physical properties and potential applications [1]. This review aims to fill this gap by providing an 

overview of the mechanical and physical properties of Zn-Al MMCs, as well as the various processing techniques used to 

manufacture them and their potential applications.  The review begins with an overview of the advantages and 

disadvantages of Zn-Al MMCs compared to conventional materials. It then presents an overview of the various 

mechanical and physical properties of Zn-Al MMCs, such as compressive strength, modulus of elasticity, coefficient of 

thermal expansion, thermal conductivity, electrical conductivity, and corrosion resistance. The review also covers the 

various processing techniques used to manufacture Zn-Al MMCs, such as powder metallurgy, casting, and hot pressing 

[2]. The review then concludes with a discussion of the potential applications of Zn-Al MMCs, in order to provide 

engineers and materials scientists with valuable insight into the properties and potential applications of this novel 

material.  In nutshell, this research review provides an overview of the mechanical and physical properties of Zn-Al 

MMCs, as well as the various processing techniques used to manufacture them and their potential applications [3]. It 

could be of great use to engineers and materials scientists seeking to make use of this novel material. In conclusion, this 

research review has provided an overview of the mechanical and physical properties of zinc-aluminium metal matrix 

composites. It has discussed the advantages and disadvantages of these materials compared to conventional materials, 

and provided an overview of their mechanical and physical properties. It has also discussed the various processing 

techniques used to manufacture zinc-aluminium MMCs and their potential applications. With its comprehensive 
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overview of the mechanical and physical properties of zinc-aluminium MMCs, this review could be of great use to 

engineers and materials scientists seeking to make use of this novel material [4]. 

 

II. ADVANTAGES AND DISADVANTAGES OF ZINC-ALUMINIUM MMCS 

Advantages 

Zinc-Aluminium Metal Matrix Composites (MMCs) have numerous advantages, including superior strength and 

stiffness, superior wear resistance, superior fatigue and corrosion resistance, superior thermal properties, superior 

electrical properties, and superior machinability. Strength and stiffness are improved by the addition of aluminium 

particles, which are harder and stiffer than the zinc matrix [5-10]. Wear resistance is improved due to the aluminium 

particles, which act as a lubricant in the matrix, reducing wear and allowing for longer service life. Fatigue and corrosion 

resistance are improved due to the combination of  zinc and aluminium, which provide superior resistance to fatigue and 

corrosion at a lower cost than conventional alloys. Thermal properties are improved due to the aluminium particles, 

which act as thermal conductors, allowing for greater heat transfer and better cooling. Electrical properties are improved 

due to the presence of aluminium particles, which act as electrical conductors, allowing for greater electrical conduction 

and better electrical performance. Machinability is improved due to the presence of aluminium particles, which act as a 

lubricant in the matrix, allowing for easier cutting and improved surface finish. 

 

Disadvantages 

Zinc-Aluminium Metal Matrix Composites (MMCs) also have several disadvantages, including higher cost, reduced 

ductility, and reduced weldability. The higher cost is due to the additional cost of the aluminium particles, which are 

more expensive than the zinc matrix. The reduced ductility is due to the presence of aluminium particles, which make the 

composite less ductile than conventional alloys. The reduced weldability is due to the aluminium particles, which make 

the composite more difficult to weld than conventional alloys. In addition, the addition of aluminium particles can make 

the composite more prone to cracking and porosity. Finally, the aluminium particles can also reduce the thermal and 

electrical properties of the composite, reducing its performance [11-15]. 

 

III. MECHANICAL PROPERTIES OF ZINC-ALUMINIUM MMCS 

Zinc-Aluminum Metal Matrix Composites (MMCs) are a class of materials which are increasingly finding applications in 

many industries due to their superior strength, weight, and corrosion resistance. Zinc-Aluminum MMCs are made by 

combining zinc and aluminum in various proportions and manufacturing them into composites. These composites 

possess a wide range of mechanical properties that make them ideal for various applications. The mechanical properties 

of Zinc-Aluminum MMCs depend on the composition of the composite, the manufacturing process, and the 

manufacturing conditions. A Typical manufacturing of Aluminium metal matrix composites using stir casting machine is 

exhibited in Fig 1. Curing of casting material in mould is exhibited in Fig 2. 

 

 
 

Fig 1. A Typical Stir Casting Unit for Manufacturing of Metal Matrix Composites. 
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Fig 2. Curing Of Casting Material in Mould. 

 

The most common form of Zinc-Aluminum MMCs is a combination of zinc and aluminum in the ratio of 3:2. This 

ratio of zinc and aluminum provides a good balance between strength, weight, and corrosion resistance. The mechanical 

properties of these composites can be further enhanced by changing the ratio of zinc and aluminum. The tensile strength 

of Zinc-Aluminum MMCs depends on the composition of the composite and the manufacturing process. Generally, the 

tensile strength of these composites range from 400MPa to 700MPa. The yield strength of these composites range from 

250MPa to 350MPa. The modulus of elasticity of these composites range from 6GPa to 10GPa. The hardness of these 

composites vary from HB50 to HB100. The fatigue strength of Zinc-Aluminum MMCs depends on the composition of 

the composite and the manufacturing process. Generally, the fatigue strength of these composites range from 150MPa to 

300MPa. The fatigue life of these composites range from 10,000 to 100,000 cycles. The wear resistance of these 

composites depends on their composition and the manufacturing process. Generally, the wear resistance of these 

composites range from 0.1mm/Nm to 0.4mm/Nm. The corrosion resistance of Zinc-Aluminum MMCs depends on the 

composition of the composite and the manufacturing process. Generally, the corrosion resistance of these composites 

range from 5 to 10 years. The thermal conductivity of these composites range from 100W/mk to 150W/mk. The thermal 

expansion coefficient of these composites range from 10ppm/K to 15ppm/K. The ductility of Zinc-Aluminum MMCs 

depends on the composition of the composite and the manufacturing process. Generally, the ductility of these composites 

range from 10% to 30%. The machinability of these composites depends on their composition and the manufacturing 

process. Generally, the machinability of these composites range from 0.5 to 1.5. In conclusion, Zinc-Aluminum MMCs 

possess a wide range of mechanical properties that make them ideal for various applications. The mechanical properties 

of these composites depend on the composition of the composite, the manufacturing process, and the manufacturing 

conditions. These composites possess superior strength, weight, and corrosion resistance, making them an attractive 

choice for many industries [16]. 

 

 Table 1  Shows Summary of Experimentation Findings in Development of Metal Matrix Composites. 

 

Table 1. Summary of Experimentation Findings in Development of Metal Matrix Composites 

Author(s) Findings Technique Used 

Kumar et al. 

(2023) 

Influence of filler material size on the mechanical properties of 

aluminum matrix composites. 
Experimental Analysis 

Joshi et al. (2023) 
Mechanical testing of hybrid LM30 metal matrix composites 

fabricated through stir casting. 

Stir Casting and 

Mechanical Testing 

Jayaprakash et al. 

(2023) 

Mechanical and microstructural properties of aluminum hybrid 

composites with SiC/Gr particles. 

Double Stir-Casting 

Approach and Testing 

Wu et al. (2023) 
Preparation and mechanical properties of borophene-reinforced 

copper matrix composites. 
Experimental Analysis 

Padmavathi et al. 

(2023) 

Comparison of the mechanical properties of micro/nanoSiC/TiO2 

reinforced aluminum metal matrix composites. 
Experimental Analysis 

Zhang et al. 

(2023) 

Multiscale topology optimization of biodegradable metal matrix 

composite structures for additive manufacturing. 

Topology Optimization 

and Simulation 

Mhaske et al. 

(2023) 

Effects of pin temperature and SiC reinforcement on the 

tribologicalbehavior of aluminum-based silicon carbide metal 

matrix composites. 

Taguchi Approach and 

Tribological Testing 

 

IV. PHYSICAL PROPERTIES OF ZINC-ALUMINIUM MMCS 

Zinc-aluminium metal matrix composites (MMCs) are manufactured using a process called powder metallurgy. This 

process involves mixing zinc and aluminium powders together with a binder and pressing them into a desired shape. The 

mixture is then heated at a high temperature to form a solid composite. Zinc-aluminium MMCs have been gaining 
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popularity in recent years due to their excellent mechanical and physical properties. Zinc-aluminium MMCs possess a 

high strength-to-weight ratio, making them ideal for applications requiring lightweight materials. They also possess 

excellent corrosion resistance and durability, making them suitable for use in a wide range of environments. 

Additionally, they are resistant to wear, making them ideal for components that require prolonged use. The composition 

of a zinc-aluminium MMC can vary, depending on the desired properties. Typically, the composite contains around 40-

60% zinc, 40-60% aluminium, and a small amount of binder. The binder helps to hold the two metals together and can be 

chosen based on the desired properties. Some common binders used in zinc-aluminium MMCs include polymers, resins, 

and waxes. The physical properties of zinc-aluminium MMCs depend on the composition and processing parameters of 

the material. Generally, they possess a high strength-to-weight ratio, excellent corrosion resistance, good wear resistance, 

and excellent thermal conductivity. They also possess good electrical conductivity and possess a low coefficient of 

thermal expansion. The mechanical properties of zinc-aluminium MMCs depend on the composition and processing 

parameters of the material. Generally, they possess high strength, good creep resistance, good fatigue resistance, good 

machinability, and good wear resistance. Additionally, they possess good fatigue life and a high fatigue limit. The 

thermal properties of zinc-aluminium MMCs depend on the composition and processing parameters of the material. 

Generally, they possess a low coefficient of thermal expansion, good thermal conductivity, and good thermal shock 

resistance. Additionally, they possess excellent oxidation resistance and good resistance to thermal fatigue. Overall, zinc-

aluminium MMCs possess excellent mechanical and physical properties, making them ideal for a wide range of 

applications. The Aluminium metal matrix composites developed using stir casting process is exhibited in Fig 3. A 

Typical wear measurement experimental setup is exhibited in Fig 4. 

 

 
 

Fig 3. Aluminium Metal Matrix Composites Developed Using Stir Casting Process. 

 

 
 

Fig 4. Pin on Disc Apparatus. 

 

They are strong, lightweight, and durable, making them suitable for use in a variety of environments. Additionally, 

they possess excellent corrosion resistance, making them suitable for use in corrosive environments. Finally, they possess 

excellent thermal properties, making them suitable for use in applications requiring high thermal conductivity. 

 

V.  PROCESSING TECHNIQUES FOR ZINC-ALUMINIUM MMCS 

Zinc-Aluminium MMCs (Metal Matrix Composites) are a class of materials which are composed of a metallic matrix 

reinforced with ceramic particles. The metallic matrix is usually some form of aluminium alloy, and the ceramic particles 

can be one or more of a variety of materials including silicon carbide, alumina, zirconia, and titanium carbide. The 

combination of these materials results in a product which has a range of advantageous properties, including increased 
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strength and hardness, improved heat resistance, and increased wear resistance. The production of Zinc-Aluminium 

MMCs involves a number of processing techniques, each of which has a different purpose and contributes to the final 

product's properties. These techniques can be divided into two main categories: forming and joining. The forming 

techniques that are used to produce Zinc-Aluminium MMCs include casting, extrusion, and powder metallurgy. In 

casting, a molten alloy is poured into a mould and allowed to cool and solidify. This process is used to produce complex 

shapes which would be difficult or impossible to produce using other methods. Extrusion involves forcing a heated alloy 

through a die, which produces a product with a uniform cross-section. Powder metallurgy is used to produce components 

with intricate shapes and tight dimensional tolerances. This is achieved by mixing the alloy with a binder, compressing it 

into a mould, and then sintering the resulting product in a furnace. Once the components have been formed, they can then 

be joined together. This is usually done by welding, however other techniques such as brazing and soldering can also be 

used. Welding is the most common method of joining MMC components, and is typically achieved by arc welding, 

resistance welding, or laser welding. In addition to these techniques, other techniques such as heat treatment and surface 

finishing can be used to further improve the properties of the MMCs. Heat treatment is used to alter the microstructure of 

the MMC to improve its strength, hardness, and wear resistance. Common heat treatment processes used for MMCs 

include solution treatment, aging, and precipitation hardening. Finally, surface finishing techniques such as shot peening, 

polishing, and grinding can be used to improve the aesthetics of the product and reduce surface defects. Overall, Zinc-

Aluminium MMCs are produced using a variety of processing techniques which are tailored to each specific application. 

The combination of forming and joining techniques, as well as heat treatment and surface finishing, allows for the 

production of components with a range of desirable properties. 

 

VI. POTENTIAL APPLICATIONS OF ZINC-ALUMINIUM MMCS  

Zinc-Aluminium MMCs (Metal Matrix Composites) are emerging as the material of choice for a wide range of 

applications. Their unique combination of light weight, high strength, thermal and electrical conductivity, and corrosion 

resistance make them an attractive option for a variety of applications. Zinc-Aluminium MMCs are composed of a zinc 

matrix reinforced with aluminium particles. The aluminium particles provide high strength and stiffness while the zinc 

matrix provides ductility and corrosion resistance. The addition of aluminium to the zinc matrix increases the strength 

and stiffness while reducing the density and weight of the material. One of the most common applications of Zinc-

Aluminium MMCs is in automotive components. The high strength and low weight of the material make it ideal for use 

in suspension and brake components. Zinc-Aluminium MMCs can be used to replace heavy steel components and reduce 

the overall weight of the vehicle. The material’s corrosion resistance also makes it well suited for use in underbody and 

exhaust components. Zinc-Aluminium MMCs are also being used in the aerospace industry. The material’s high strength 

and low weight make it ideal for use in aircraft and spacecraft components. Zinc-Aluminium MMCs can be used to 

reduce the weight and improve the performance of aircraft and spacecraft. The material’s corrosion resistance also makes 

it an attractive option for use in components that are exposed to the harsh environment of space. In addition, Zinc-

Aluminium MMCs are being used in the electrical and electronics industry. The material’s high electrical conductivity 

makes it well suited for use in connectors and other electrical components. The material’s low weight also makes it 

attractive for use in portable electronic devices. Zinc-Aluminium MMCs are also being used in the medical industry. The 

material’s light weight and high strength make it ideal for use in orthopedic implants and prosthetics. The material’s 

corrosion resistance also makes it well suited for use in medical devices and implants that must be exposed to bodily 

fluids. Finally, Zinc-Aluminium MMCs are being used in the construction industry. The material’s high strength and 

corrosion resistance make it ideal for use in structural components. Zinc-Aluminium MMCs can be used to reduce the 

weight of structures while still providing adequate strength and corrosion resistance. The material’s corrosion resistance 

also makes it an attractive option for use in building components that are exposed to the elements. Overall, Zinc-

Aluminium MMCs are an attractive option for a variety of applications due to their unique combination of light weight, 

high strength, thermal and electrical conductivity, and corrosion resistance. The material’s versatility makes it well suited 

for use in automotive, aerospace, electrical and electronics, medical, and construction applications. 

 

VII. SCOPE FOR FUTURE RESEARCH IN ZINC – ALUMINIUM MMCS 

 Future research in Zinc-Aluminium MMCs (Metal Matrix Composites) has the potential to yield significant 

advancements in the fields of materials science, manufacturing, and engineering. The unique properties of these 

composites, such as their high strength-to-weight ratio, low cost, and excellent corrosion resistance, make them attractive 

for a variety of applications. One area of future research involves the development of improved manufacturing 

techniques for these materials. Currently, the most common method of production is powder metallurgy, which is costly 

and time-consuming. The development of more efficient and economical processes for producing these materials, such as 

laser welding or selective laser melting, could significantly improve their cost-effectiveness and production time. 

Additionally, research into innovative ways to incorporate additional materials, such as titanium, into the alloy could 

increase the strength and corrosion resistance of the composites. In addition to manufacturing improvements, future 

research should also focus on developing optimized compositions for Zinc-Aluminium MMCs. By carefully selecting the 

right combination of alloying elements, the properties of the composite can be tailored to meet the requirements of 

specific applications. For example, the addition of nickel and manganese to the alloy can increase its corrosion resistance, 
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while the addition of chromium and molybdenum can increase its strength and durability. Additionally, research should 

also explore the possibility of using nano-particles, such as graphene and carbon nanotubes, as reinforcing agents in these 

composites. Finally, research into the behavior of Zinc-Aluminium MMCs in various environmental conditions should be 

conducted in order to better understand their potential applications. In particular, research into their thermal and acoustic 

properties, as well as their behavior under cyclic loading and fatigue, could provide valuable insights into their suitability 

for use in high-performance applications. Additionally, research into the behavior of these materials under extreme 

temperatures, such as cryogenic and high-temperature environments, should also be explored. Overall, future research in 

Zinc-Aluminium MMCs has the potential to yield significant advances in the fields of materials science and engineering. 

By exploring the optimization of compositions, the development of innovative manufacturing techniques, and the 

behavior of these materials under extreme environmental conditions, scientists and engineers can gain a better 

understanding of their utility in a wide range of applications. 

 

VIII. CONCLUSION 

In conclusion, this research review provides an overview of the mechanical and physical properties of zinc-aluminium 

metal matrix composites (MMCs), and discusses the advantages and disadvantages of these materials compared to 

conventional materials. It also presents an overview of their mechanical and physical properties, such as compressive 

strength, modulus of elasticity, coefficient of thermal expansion, thermal conductivity, electrical conductivity, and 

corrosion resistance. Furthermore, this review covers the various processing techniques used to manufacture zinc-

aluminium MMCs, and provides an overview of their potential applications. This review can be used as a valuable 

resource for engineers and material scientists seeking to make use of this novel material. 
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