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RECENT DEVELOPMENT IN ALUMINIUM MMCs: 

MATERIALS, METHODS AND APPLICATIONS 
 

Abstract 

 

The development of Aluminium 

MMCs has seen significant improvements in 

fundamental science and technology. These 

advancements include gaining a 

comprehending behaviour of composites, the 

significance of fibre-matrix interfaces, the 

importance of surface coatings, diverse 

manufacturing methods, and thermal-

mechanical processing techniques used for 

MMCs. This knowledge has not only led to 

the improvement of MMC technology but 

also paved the way for the expansion of 

high-temperature inter metallic-MMCs 

 

 The challenges for lighter materials 

with improved characteristics for 

miscellaneous applications has led to the 

emergence of a novel category of materials 

called Metal Matrix Composites (MMCs). 

These composite materials offer excellent 

physical, mechanical, and developmental 

properties, making them extensive 

applications in various industries, including 

aircraft technology, automotive, defense, 

electronics, and space. The versatility of 

MMCs has led to extensive research and 

development in the field of production 

technologies, resulting in cost reductions and 

increased acceptance in the market. 

 

 The objective of this book chapter is 

to bring inclusive summary of the present 

application situation of MMCs and the 

various production approaches presently 

employed in their invention. By reviewing 

the current state of MMC technology and 

fabrication techniques, the Chapter aims to 

shed light on the promising potential of 

MMCs as advanced materials in various 

industries. 
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I. INTRODUCTION 

 

Industrial revolution has been made since long back and during this revolution 

various manufacturing machines, methods have been invented to cater the nations 

requirements. The functionality of our engineering structure, daily requirements, 

transportation and communication all rely on the properties and applications of materials. 

Over the recent decades, composite materials have gained significant popularity due to their 

superior properties and versatile applications. Composites are advanced novel material in 

which numerous strengthening mediator is distributed within the matrix and mixture of 

strengthening agent. In the 1950s, the concept of metal matrix composites emerged, 

incorporating two distinct phases: the matrix phase and the strengthening mediator phase. 

Challenges associated with the implementation of these composites comprise expensive 

production methods and explicit issues in certain applications, like external object 

impairment and erosion in engineering and automobile components[1]. In the past decade, 

the significance of MMC (Metal Matrix Composite) materials has grown significantly, driven 

by their notable benefits, including aextra ordinary strength, corrosion resistance and 

excellent thermal conductivity. These materials are now being utilized in diverse industries, 

such as motorized, space, and other sectors involved in spare parts manufacturing[2]. The 

frequent characteristics of aluminium MMCs, containing various forms of reinforcements, 

surpass those of traditional engineering materials used in the past. These composites exhibit 

lower weight, enhanced cost-effectiveness, improved strength, superior stiffness, and reduced 

wear rate[3].  

 

Over the past two eras, aluminium composites have emerged as promising candidates 

to supplant traditional constituents across various application domains, including 

transportation, military, marine, and advanced engineering industries. Widely employed 

fabrication methods for these composites include compo casting, stir casting, and in-situ 

casting[4].The stir casting method is favoured for aluminium MMCs production owing to its 

ability to minimize damage to the reinforcement material. The most cost-effective approach 

for fabricating metal matrix composites is the liquidity state method among all available 

methods[5].Aluminium metal matrix composites refer to composites where aluminium is 

strengthened through the addition of other metals, carbon-based compounds, or ceramics[6].  

 

Aluminium MMC has been found excellent alternative than copper alloy composites. 

When dealing with copper matrix composites, researchers utilized die compaction as a 

preferred method due to the high melting point of copper, which undoubtedly the range of 

1000°C. Additionally, the toxicity of certain copper alloys limits their processing options to 

powder metallurgy[7]. Hybrid composites display greater mechanical properties when 

equated to metal composites with a single type of reinforcement. These hybrid MMCs 

encompass the amalgamation of more than one type of reinforcement, varying in size, shape, 

and weight percentages, to achieve enhanced mechanical characteristics. The amalgamation 

of rigid ceramic particles such as SiC, Boron Carbide, Al2O3, Tungsten Carbide, MgO and 

SiO2, into the aluminium matrix alloy is a common practice to enhance its mechanical 

properties. It has been observed that incorporating two different synthetic ceramic 

reinforcements into aluminium matrix materials can lead to enhanced mechanical behaviour, 

improved machining characteristics, and superior tribological properties in aluminium hybrid 

composites[8]. 
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II. SYNTHESIS OF COMPOSITES: (VARIOUS METHODS OF 

MANUFACTURING) 

 

The manufacturing process chosen for fabricating any composite significantly 

influences the ultimate properties of the composite material. Numerous techniques are 

currently being utilized to produce high-quality MMC products. The fabrication methods for 

MMC products can be considered into three main categories 

 

 Solid-state processes or Powder metallurgy 

 Liquid-state processes or casting based processes 

 Deposition processes. 
 

1. Solid-State Processes: In powder metallurgy process the blending is done at room 

temperature or somewhat above, and the resulting mixture is then compacted into the 

desired shape. Next, the compacted material undergoes solid-state sintering, which 

involves heating it in a meticulous atmosphere under its re-crystallization temperature. It 

is crucial to ensure that all particles are uniformly and consistently disseminated in the 

mixture when using this processing route[9]. 

 

Processing powder metallurgy amalgams comprises explicit and crucial steps, as 

illustrated in Figure 1 Powder Metallurgy Processing.[10] 

 

Figure 1: Powder Metallurgy Processing 

 

2. Liquid-state processes: Stir casting is one of the efficient and economical way to 

produce composites. Different processes have their own advantages and limitations, 

However this process having excellent result in the production of aluminium MMCs with 

little bit challenges. Some challenges associated with the stir casting are wettability issues 

and agglomeration of reinforcement materials at one location. Wettability issues could be 

eliminated by adding 0.5 to 1 weight percentage of Magnesium powder during the 

stirring process.[10] 
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Figure 2 claimed the well-known liquid stir casting method towards the 

development of aluminium composites for lighter and strengthen structural application. 

In stir casting process aluminium or copper material have been melted in the high 

temperature furnace, once metal has melted reinforcement materials are added and stir 

the mixture with specified rpm and time to develop improved composite.[11] 

 

 
 

Figure 1: Schematic Diagram of Stir Casting Method 

 

2. Deposition Processes: The physical vapor deposition process is utilized for 

manufacturing MMCs, and it is typically a slow procedure. In this method, a fibre is 

endlessly passed through an area with a high partial pressure of the metal to be deposited. 

Throughout this process, the metal evaporates and then condenses onto the surface of the 

fibre, leading to the foundation of the metal matrix composite as seen in Figure 3. 

 
 

Figure 2: Schematic Diagram of Physical Vapor Deposition 

 

This process confirms the proper bonding and integration of the layered fibres to 

form a robust and cohesive MMCs.PVD (Physical Vapor Deposition) can be separated 

into some categories listed as EBED and sputtering[9]. 

 

 Electron Beam Evaporation Deposition) 

 Sputtering techniques. 
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III. MATERIALS 

 

Numerous materials have been utilized to fabricate MMCs. However, aluminium is 

one of the excellent material sowing to its superiors strength, advanced thermal conductivity 

and corrosion resistance as well as easy to cast in to complex shape. Atomic emission 

spectrometry is a method used to assess the essential composition of a material by measuring 

the wavelengths of light released when the sample is excited by a high-energy source, such as 

an electric discharge or a flame. The ASTM E1251-2011 standard provides guidelines and 

procedures for performing this analysis in a standardized and reliable manner[12].  

 

Table 1: Spectroscopy of Al6061[13] 

 

 
 

Following information depict the utilization of various aluminium material as matrix 

material to fabricate metal matrix composite and reinforcement used to enriched mechanical 

properties. 

 

Table 2: Different Material for Fabrication of MMCs 
 

Matrix 

Material 

Reinforcement Processing Route Reference 

ADC 12 Boron carbide (B4C) Stir Casting [14] 

Al6061 Boron carbide (B4C), SiC Bottom pouring stir casting [15] 

Al6061 SiC-B4C Stir Casting [16] 

Al6061 SiC/WC Stir Casting [17] 

Al6061 Boron carbide (B4C) Stir Casting [18] 

Al6061 Boron carbide (B4C) Stir Casting [19] 

LM24 

 

Boron carbide (B4C) Stir Casting [20] 

Al6063 Flyash and Al2O3 Stir Casting [21] 

Al−4.5%Cu Bamboo leaf Ash (BLA) Bottom pouring stir casting [22] 

AA6063 SiC-TiC Stir Casting [23] 

Al6061 TiB2 Stir Casting [13] 

AA7150 WC Stir Casting [24] 

Al6351 Al2O3–C Stir Casting [25] 

Al6061 boron carbide and graphite Bottom pouring stir casting [26] 

Al6061 WC Stir Casting [27] 

Al6061 Al2O3 Stir Casting [28] 

Al6063 boron carbide Stir Casting [29] 

Al7075 WC and Fly Ash Stir Casting [30] 

A356 WC Stir Casting [31] 

Al6061 boron carbide and graphite Bottom pouring stir casting [32] 
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Al6061 Boron carbide (B4C), SiC Stir Casting [33] 

Al6061 WC Stir Casting [34] 

Al6061 boron carbide Stir Casting [35] 

AA7075 Al2O3 Stir Casting [36] 

AA6531 Al2O3and graphite Stir Casting [37] 

Al7075 WC Stir Casting [38] 

Al7075 WC and Cobalt Stir Casting [39] 

Al5083 Al2O3and B4C Stir Casting [40] 

Al6061 B4C Stir Casting [41] 

 

Aluminium alloys are extensively preferred as the matrix material in MMCs, both in 

research and industrial applications, mainly because of their exceptional strength-to-weight 

ratio. Additionally, aluminium alloys are cost-effective equated to other lightweight materials 

like titanium and magnesium. These alloys exhibit outstanding mechanical properties, such 

as Hardness, strength, castability and ductility, and boast high corrosion resistance, making 

them versatile and adaptable to various requirements. 

 

Among the various aluminium alloys, age-hardening grades (2xxx, 6xxx, 7xxx and 

8xxx series) are commonly used as parent materials. Age-hardening alloys offer the 

advantage of further enhancing mechanical properties through different aging treatments, 

allowing for modifying their characteristics to meet definite requirements. This makes them a 

predominant choice for emerging high-performance MMCs with greater mechanical 

competences[13]. 

 

IV. APPLICATION OF COMPOSITES 

 

1. Automobile Components: Light alloy composite materials hold significant potential for 

various applications in the automotive engineering industry. They are commonly utilized 

in components such as pistons road, pistons, piston pin, covers, car disc brake, cylinder 

heads, crankshafts, main bearings, engine blocks, cylinder blocks. These composite 

materials, which combine lightweight alloys with reinforcing elements, offer advantages 

such as reduced weight, improved strength-to-weight ratio, and enhanced performance, 

making them ideal for enhancing the efficiency and performance of automotive 

components. 

 

An excellent example of the fruitful application of aluminium composite materials 

in this context is the somewhat short fibre-reinforced aluminium composite piston Figure. 

These pistons are engineered with a combination of aluminium and short reinforcing 

fibres, resulting in enhanced mechanical properties and performance compared to 

traditional pistons made solely from aluminium alloys. The incorporation of 

strengthening fibres in the aluminium matrix recovers the strength, durability, and 

resistance to wear and deformation, making them highly suitable for high-stress 

applications in internal combustion engines. This demonstrates the effectiveness of 

composite materials in optimizing automotive components and advancing the 

performance and efficiency of modern engines.[42] 
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(a)                                     (b) 

 

Figure 3: Short Fibre Reinforced Composite Piston (a), Particulate Reinforced Composite 

Car Brake Disc (b) 
 

Major automotive companies such as Toyota and Honda have commercially 

adopted Al-based MMCs in their engines[43]. 

 

2. Aircraft Components: Magnesium-matrix composites with B4C or SiC reinforcement 

have demonstrated favourable properties at both room and higher temperatures, making 

them suitable materials for fan blade applications in high-temperature environments. 

Although magnesium and titanium have a higher density compared to aluminium, it still 

exhibits outstanding strength-to-weight and stiffness-to-weight ratios when compared to 

steels. 

 

Continuous SiC fibre-reinforced Ti-MMCs are under development for aviation 

applications in numerous nations, including the UK, USA, Caneda, China and France. 

These advanced materials show promising potential for enhancing engine performance 

and efficiency, contributing to the ongoing efforts to improve aircraft propulsion 

technology and achieve greater overall performance. 

 

3. Defense Components: Aluminium MMCs have found significant applications in various 

critical parts of missiles and other defines systems due to their unique properties and 

advantages. One notable application is in missiles, which were traditionally mass-

produced by means of beryllium. However, MMCs offer a viable alternative with a 

higher weight percentage of reinforced aluminium, which is both cost-effective and 

avoids the toxicity. 

 

Fins of guided weapons are another significant application of MMCs due to their 

high stiffness. MMCs reduce the bending of fins, thus increasing the precision of the 

weapon. In armoured fighting vehicles like tanks, MMCs are used in components such as 

tracks and engine parts to enhance battlefield manoeuvrability. The use of MMCs leads to 

a reduction in overall weight, significantly improving the vehicle's manoeuvrability and 

survival rates. Figure 5 showcases examples of MMC applications, including missile fins, 

armors, and tank tracks, further highlighting the versatility and significance of MMCs in 

modern defense systems[43]. 
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Figure 4: (a) Fin of Guided Missile, (b) Vehicle Armour, (c) Tank Track 

 

4. Sports Components: Sports equipment often requires materials that combine various 

types, such as metals, ceramics, polymers, and composite concepts. Creative design 

concepts are employed to fabricate these materials into the desired sports equipment. 

Some researcher studied about sports equipment such as artificial limb for disabled 

people. sports bicycle frames and also in golf sticks. 

 

  For sports bicycles, frames are commonly made from a mixture of aluminium, 

magnesium, titanium, and carbon composites. Carbon composites are the preferred 

choice for many sports equipment due to their strength and toughness. These materials 

are particularly advantageous for achieving lightweight and high-performance sports 

gear. However, in some cases, aluminium and magnesium-based MMCs are also 

employed in sports equipment like tennis rackets, vaulting poles, and prosthetic limbs. 

These materials offer a cost-effective alternative while still providing the required 

performance and durability for specific sports applications. Overall, the use of MMCs 

allows for the creation of innovative and high-performing sports equipment to meet the 

diverse needs of athletes and sports enthusiasts. 

 

 

Figure 5: (a) Artificial Limbs, (b) Bicycle Structure, (c) Golf Sticks 

 

5. Space Components: Developing materials with excellent characteristics is critical to 

ensuring the reliability and longevity of space missions and spacecraft components. 

Advanced composite materials, like carbon-fibre-reinforced composites, and other 
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innovative materials are often used to meet these demanding requirements in space 

applications. These materials have a great emphasise in the construction of lightweight, 

dimensionally unchanging, and structurally efficient assemblies for space exploration and 

satellite missions. 

 

V. CONCLUSION 

 

The findings indicate that the foremost marketplace for MMCs is currently the 

automotive industry, followed by microchip technology and thermal management systems. 

Continuous expansion in material and processing practices has resulted in the formation of 

MMCs that are lighter in weight, more cost-effective, and offer higher performance for 

various applications.  

 

The advancements in MMC technology have broadened the scope for their utilization 

across industries, including aerospace, automotive, electronics, and thermal management 

systems. The ongoing research and development efforts in this area continue to improve the 

properties and performance of MMCs, making them increasingly desirable materials for 

meeting the demands of various modern applications. 

 

Noteworthy progresses in the expansion of production routes for MMCs have played 

a crucial role in bringing down their production costs to acceptable levels. Researchers are 

continually working on refining the production methods of MMCs to enhance their 

performance, optimize their properties, and broaden their range of applications.  

 

As a result of these technological advancements, MMCs have found increasing 

applications in various industries. According to a global MMC market survey, a substantial 

growth of more than 20% in the usage of MMCs is forecast for the next two years. This 

indicates a growing demand for MMCs and reflects the increasing recognition of their 

benefits and advantages in various engineering and industrial applications. The continuous 

research and development efforts in the field are likely to further enhance MMC technology 

and expand their utilization in diverse sectors in the coming years. 
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