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This literature review studies the development, characterization, and applications of 

Aluminum Metal Matrix Composites (AMMCs). Focusing on different types of 

reinforcement materials with their processing techniques, mechanical properties, and 

performance in various applications. Aluminum Metal Matrix Composites (AMMCs) have 

garnered significant attention due to their superior mechanical properties, including 

lightweight, high strength, corrosion resistance, and excellent wear properties. These 

composites consist of aluminum alloys as the matrix material, reinforced with various 

ceramic particles. Reinforcements such as silicon carbide (SiC), iron oxide (Fe3O4), boron 

carbide (B4C), alumina (Al2O3), and graphite have been extensively studied to enhance the 

properties of aluminum alloys.  
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I. INTRODUCTION 

Composite materials play an important role in human life for many years of their capability to infrastructure and continue to 

enable developments in modern technology [1]. In base materials, many issues have been generated including with corrosion, wear 

resistance, weight, etc. A composite material is a prepared artificially with combination of two or more materials. The different parts are 

separated by specific boundaries [2]. The various advantages of the use of composites materials such as, increase the stiffness, strength, 

toughness and other mechanical and electrical properties. 

The composites materials reveal better uses in industries such as automobile, aerospace, sports, defense, medical etc.. Many 

problems have been resolved due to the improved chemical, mechanical, physical, and thermal features of composite materials. Two 

phases of composites have been used such as reinforcement and matrix [3]. This literature review summarizes the work of several 

researchers on the fabrication, mechanical properties, and applications of Metal matrix composites (MMCs), focusing on different 

reinforcement materials, fabrication techniques, and performance evaluation. Aluminum matrix. Composites (AMCs) have gained 

considerable attention in various engineering applications due to their enhanced mechanical properties. Reinforcements like silicon 

carbide (SiC), alumina (Al2O3), boron carbide (B4C), and others have been employed to improve the mechanical and corrosion properties 

of aluminum alloys. This paper studies on the effects of different reinforcements and processing techniques on the properties of AMCs. 

II. METHODOLOGY 

The literature survey was carried out as a part for development of this research paper. In this paper studied of different 

manufacturing processes, properties and behavior of aluminum metal matrix composites. The research work done by researchers on 

aluminum metal matrix composite materials. This literature review gives a strong establishment for the current study and may reveal its 
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importance for future investigation also. The research depend on references from various national and international journals, books, 

articles and websites. 

III. LITERATURE REVIEW 

Srivatsan et al. (1991) explored processing methods for aluminum-based particulate MMCs, emphasizing the influence of matrix 

composition and reinforcement characteristics on the material's microstructure. This study helped clarify the role of processing techniques 

in achieving desired properties in engineered MMCs [4]. Doel & Bowen et al. (1993) studied particulate-reinforced aluminum MMCs 

using SiC as reinforcement. Their work compared the mechanical properties of composites with coarse and fine SiC particles, finding 

that finer particulates improved ductility, while coarser particles provided better toughness [5]. Pradeep K. Rohatgi (1993) reviewed the 

global surge in metal-matrix composite (MMC) research, particularly focusing on cast metal-matrix particulate composites. The study 

emphasized that MMCs can offer specific technical properties that traditional materials cannot achieve, provided that the relative 

quantities and distributions of the components are managed carefully during manufacturing. Various manufacturing techniques were 

examined, revealing that in alloys like Al-Si, the eutectic and primary silicon tend to concentrate on the surface of the particle or fiber. 

Two critical factors generating interest in MMCs include heterogeneous nucleation of the primary phase on reinforcing particles (e.g., 

graphite, SiC) and particle entrapment during solidification [6]. Surappa (2003) explored the versatility of aluminum matrix composites 

(AMCs) and the role of ceramic reinforcements (whiskers, particles, fibers) in enhancing their mechanical, thermal, and tribological 

properties. 

The study emphasized the adaptability of AMCs to meet industrial demands by selecting appropriate matrix-reinforcement 

combinations. AMCs have been studied for over three decades, with a significant body of knowledge accumulated regarding their 

properties and applications [7]. Natarajan et al. (2006) studied the wear behavior of LM25/SiC composites in brake shoe applications. 

The results indicated that the AMC showed superior wear resistance compared to grey cast iron, and the coefficient of friction increased 

with sliding velocity [8]. Montoya Davila et al. (2007) explored the impact of particle size distribution on the hardness and fracture 

toughness of Al/SiCp composites. Their findings suggested that both microhardness and fracture toughness behaved parabolically with 

an increase in particle-size distribution [9]. Hajjari et al. (2008) examined the impact of squeeze casting on the microstructure and tensile 

properties of 2024 aluminum alloy. The results showed that squeeze casting refined the microstructure, reduced porosity, and increased 

the ultimate tensile strength due to faster cooling and increased squeeze pressure [10]. Cheng et al. (2008) studied the preparation and 

deformation behavior of silicon carbide (SiC)-reinforced aluminum 6066 composites fabricated by powder metallurgy. The SiC particles 

were evenly distributed, and failure modes such as particle cracking and ductile tearing at the interface were observed, with the 

deformation behavior heavily dependent on the matrix alloy [11]. Tan & Mohamad (2009) focused on the artificial aging of Al6061-T6, 

determining optimal temperature and time for maximum hardness [12]. Wahab et al. (2009) developed aluminum metal matrix composites 

(AMMCs) reinforced with aluminum nitride (AIN) using a permanent stainless-steel mold and a graphite crucible. They observed that 

AIN particles were well distributed around primary silicon grains and other structures. Hardness tests showed an increase in hardness, 

indicating that AIN reinforcement significantly improved the material properties [13]. E. Bayraktar et al. (2010) developed an aluminum 

matrix composite reinforced with iron oxide (Fe3O4) to enhance conductivity and magnetic permeability. 

They employed microwave sintering to produce a well-distributed reinforcement within the aluminum matrix, achieving greater 

density compared to conventional sintering [14]. Ramesh et al. (2010) noted the combined effect of adhesion, abrasion, and delamination 

in increasing wear rates at higher loads [15]. Ibrahim Sahin et al. (2010) analyzed the mechanical properties and microstructures of SiCp-

reinforced AlSi7Mg2 matrix composites, which were produced by squeeze and gravity casting methods and T6 heat-treated. They found 

that squeeze casting led to more refined microstructures and improved mechanical properties, while gravity casting produced non-

homogeneous distributions due to slow cooling [16]. Katica Milos et al. (2011) investigated the incorporation of Al2O3 ceramic particles 

into aluminum using powder metallurgy. They found that while low Al2O3 concentrations resulted in uniform particle distribution, higher 

concentrations led to particle agglomeration, which reduced hardness [17]. S. M. Suresh et al. (2011) investigated LM25 aluminum alloy 

MMCs reinforced with micro and nano Al2O3 particles. 

Their findings suggested that stir casting is a viable method for manufacturing nanoparticle-reinforced MMCs, with 

nanocomposites exhibiting slightly better tensile strength and hardness than their micro Al2O3 counterparts [18]. Neelima Devi et al. 

(2011) explored the mechanical and corrosion behavior of aluminum-silicon carbide (SiC) composites. They found that the composite 

material exhibited a significantly better weight-to-strength ratio (almost three times greater than mild steel) and was lighter than pure 

aluminum. The maximum tensile strength was achieved at a 15% SiC ratio, demonstrating that the aluminum-SiC composite is both 

stronger and lighter than pure aluminum [19]. A. Chennakesava Reddy (2011) analyzed the mechanical behavior of Al/Sic Metal Matrix 

Composites using Taguchi's methods. His study showed that the volume fraction of SiC and the type of aluminum alloy used (Al 6061, 

Al 6063, and Al 7072) significantly affected the yield strength, ultimate tensile strength, and ductility of the composites [20]. Anoop 

Kumar Tuli et al. (2021) explored the effects of thixocasting and gravity casting on LM25-10wt% SiC composites. Thixocasting enhanced 

the composite's mechanical properties, showing improved tensile, compressive, and flexural strengths when compared to gravity casting. 

SEM analysis revealed particle shearing as the primary fracture mechanism in this cast samples [21]. 

Nrip Jite et al. (2011) compared the porosity and density of A384.1 MMCs reinforced with SiC particles. They found that changes 

in particle size and reinforcement percentage significantly affected the density and porosity of the composites. Specifically, the highest 

density was observed at 2490 gm/cm³ for a SiC content of 0.08, with a particle size of 0.106 m, and the highest porosity was recorded at 

3.25% for a SiC content of 0.10 [22]. R. Kartigeyan et al. (2012) studied Al 7075 alloy reinforced with short basalt fibers, finding that 

the composite exhibited significant improvements in hardness, yield strength, and ultimate tensile strength, particularly with 6% basalt 

fiber [23]. G. G. Sozhamannan et al. (2012) studied the impact of processing temperatures and holding times on the mechanical properties 

and particle distribution in Al-SiCp MMCs. They observed that processing at higher temperatures and longer holding times resulted in 

improved strength, although excessive holding time led to reduced ultimate strength [24]. Ali Mazahery et al. (2012) studied the effect of 

SiC nanoparticles on the mechanical properties of A356 alloys, finding that the addition of SiC nanoparticles significantly enhanced 
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hardness, yield strength, and ultimate tensile strength. The composites exhibited small porosity and a uniform distribution of SiC 

nanoparticles [25]. Mohsen Ostad Shabani et al. (2012) focused on the A356 matrix reinforced with B4C particulates. They found that 

B4C particles were evenly dispersed along dendritic branches, and the composites showed enhanced mechanical properties, such as higher 

strain hardening and ultimate tensile strength compared to unreinforced alloys. They also employed an artificial neural network (ANN) 

and finite element method to model the mechanical properties [26]. Pargunde et al. (2013) employed a stir casting technique to fabricate 

aluminum-based silicon carbide (AlSiC) composites, highlighting the two-step mixing process's role in enhancing composite properties 

such as hardness and impact strength with increasing SiC content [27]. 

Gurvishal Singh et al. (2013) explored the use of red mud, SiC, and Al2O3 as reinforcements in aluminum MMCs. Their findings 

highlighted that red mud could replace more expensive reinforcements like SiC and Al2O3, providing a cost-effective alternative without 

compromising wear resistance and hardness [28]. Tahamtan et al. (2013) fabricated Al206/5vol. % Al2O3 composites through an injection 

process in which reinforcing particles were added to molten Al. Their study showed that the inclusion of Al2O3 particles resulted in 

improved distribution and incorporation of particles, enhancing the tensile properties of the composite [29]. Sharanabasappa R. Patil 

(2013) examined the mechanical properties of LM25 composites reinforced with fly ash and alumina. The study showed that increasing 

the percentage of Al2O3 enhanced the hardness of the composites, though it reduced elongation and ductility, highlighting a trade-off 

between hardness and ductility [30]. Bhaskar Chandra Kandpal et al. (2014) reviewed the various technologies for producing metal matrix 

composites (MMCs). These include liquid and solid-state techniques such as stir casting, powder metallurgy, and metal injection molding. 

The review emphasized the importance of cost-effectiveness, productivity, and the development of new processes like mechanical 

alloying and continuous binder powder coating to meet industrial requirements for MMCs [31]. Akhilesh Jayakumar (2014) examined 

the properties of LM25-based metal matrix composites, where SiC served as reinforcement. Composites were processed via centrifugal 

casting, and microstructural studies showed significant improvements in mechanical properties with SiC reinforcement [32]. L. Bolzoni 

et al. (2014) focused on grain refinement of Al-Si alloys using Nb–B inoculation. 

Their study demonstrated that the addition of Nb–B inoculants effectively refined the primary α-Al dendrites in alloys like LM24 

and LM25, reducing the grain size significantly. This refinement was particularly beneficial for casting processes that depend on cooling 

rates [33]. S. Kumar et al. (2015) applied grey relational analysis to optimize machining parameters, such as peak current and pulse on 

time, in wire electrical discharge machining (WEDM) of aluminum-based composites. Their study showed that reinforcement particles 

increased surface roughness, with longer pulse durations exacerbating this effect [34]. Mikhail Tashkinov (2015) developed a statistical 

technique to simulate the phase-level elastic fields of multiphase composites with SiC reinforcement. His study explored the 

microstructural behavior of TiC+SiC and Al+SiC metal matrix composites (MMCs). He analyzed how variations in microstructure 

influenced stress-strain fields, demonstrating the role of microstructural characteristics in affecting the mechanical properties of MMCs 

[35]. Svetlana Boshnakova et al. (2015) focused on stainless steel-based MMCs reinforced with silica and titanium, targeting high wear-

resistant applications. The study explored microhardness, wear resistance, and roughness of MMCs, revealing improvements in wear 

resistance and hardness compared to the base steel. This work highlights the potential of TiC and SiC as reinforcement materials for wear-

resistant composites [36]. 

Gyanendra Singh et al. (2015) studied the use of different metals (Mg, Zn) in aluminum matrix composites to produce high-

strength, lightweight materials. The combination of these metals with Al2O3 reinforcement showed improvements in hardness, tensile 

strength, and impact strength. The study also highlighted the cost-effective nature of traditional casting processes in manufacturing such 

composites [37]. Biswajit Das et al. (2015) fabricated an in-situ multi-component reinforced aluminum copper alloy-based metal matrix 

composite using flux-assisted synthesis (FAS) and investigated its machining properties. The study revealed that cutting speed and depth 

of cut significantly influenced cutting force, and the predicted values for surface roughness and cutting force were in close agreement 

with experimental results, suggesting the effectiveness of regression analysis for optimization [38]. S. A. Mohan Krishna et al. (2015) 

highlighted the benefits of hybrid MMCs, including enhanced thermal conductivity and lower thermal expansion coefficients. They also 

discussed the potential for using Al/SiC/Graphite hybrid composites in aerospace applications [39]. Vishnu Prasad K et al. (2015) 

examined the effect of stirring speed during the stir casting process, noting that higher mold rotation speeds improved mechanical and 

tribological properties, reducing volume loss and enhancing wear resistance [40]. V. Vembu et al. (2015) utilized response surface 

methodology to optimize heat treatment for 8011 Al/15% SiCp metal matrix composites, improving tensile strength and ductility. They 

observed that solutionizing time had the most significant impact on tensile strength, with a peak increase in tensile strength under peak-

aged conditions [41]. M.J. Shen et al. (2015) investigated the microstructure and tensile properties of AZ31B magnesium matrix 

composites reinforced with SiC particles. 

Their findings indicated that SiC reinforcement refined the grain structure of the magnesium matrix, leading to improved tensile 

strength and yield strength [42]. Radhika N. (2015) conducted an extensive study on LM25/SiC/ Al2O3 composites, fabricated using a 

liquid metallurgy technique. The composites were reinforced with varying amounts of SiC and Al2O3 (0 to 30 wt%). Tensile and hardness 

tests showed an increase in mechanical properties with higher reinforcement contents, particularly at 10 wt% of SiC and Al2O3. Wear 

tests using a pin-on-disc tribometer revealed that the wear rate decreased as the reinforcement percentage increased, and the coefficient 

of friction increased with the applied load [43]. Venkatesh et al. (2015) used powder metallurgy to fabricate Al/SiCp composites and 

observed an increase in density and hardness with rising sintering temperature [44].  Pardeep Sharma et al. (2015) explored the 

microstructure of Al6082 matrix composites reinforced with graphite (Gr) particles. Through a traditional stir casting method, they studied 

the effect of Gr content (ranging from 0% to 12%) on the microstructure of the composites. Scanning electron microscopy (SEM) and X-

ray diffraction (XRD) analyses revealed that the microstructure of cast Al6082 consists of a dendritic aluminum network and a silicon-

aluminum eutectic network. Increased Gr content led to non-uniform particle distribution and the formation of impurities, resulting in a 

decrease in the hardness of the composites [45]. Venkatachalam G et al. (2015) investigated the microstructure and mechanical properties 

of modified LM25 aluminum alloy reinforced with zirconium (Zr) particles. Microstructural analysis revealed a homogeneous distribution 

of Zr particles, with fewer voids and porosity. The mechanical properties, such as hardness and tensile strength, improved with increasing 

Zr content. The study also highlighted the importance of stirring parameters and particle soaking before adding to the matrix [46]. Sri 
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Priya R et al. (2016) developed aluminum 6061 composites for aerospace by reinforcing them with silicon carbide (SiC) and alumina 

(Al2O3). Their results indicated improved yield and ultimate tensile strength with higher reinforcement percentages, although elongation 

decreased [47]. Anthony Xavior M et al. (2016) focused on the machinability of hybrid aluminum-based MMCs, noting that reinforcement 

type and distribution influenced cutting forces, tool wear, and surface roughness during machining processes [48]. A. Arora et al. (2016) 

worked on the fabrication of aluminum-molybdenum (Al-Mo) composites using the friction stir process (FSP). Their findings showed a 

homogeneous dispersion of Mo particles in the Al matrix, resulting in a significant increase in Vickers microhardness, showcasing the 

effectiveness of FSP in improving mechanical properties [49]. 

Anil Kumar Bodukuri et al. (2016) prepared Al-SiC-B4C metal matrix composites using powder metallurgy. The addition of boron 

carbide (B4C) was found to significantly increase microhardness, with the composite showing uniform particle distribution. This work 

demonstrated the potential of sintering as a technique to enhance the properties of aluminum composites [50]. N. Venkat Kishore et al. 

(2016) studied A356/LM25 aluminum alloys reinforced with boron carbide (B4C), finding that the mechanical properties of the 

composites, including tensile strength and hardness, improved with increasing boron carbide content [51]. N. Radhika (2016) developed 

homogeneous and functionally graded LM25 aluminum composites by incorporating silicon nitride (Si3N4) particles through liquid 

metallurgy and centrifugal casting. The microstructure of the composites showed uniform dispersion of Si3N4 in the homogeneous 

composite, while the centrifugal casting led to particle segregation, with a particle-enriched outer surface and a depleted inner region. 

The functionally graded composite exhibited reduced wear rates, especially at low loads [52]. Siddanna Awarasang et al. (2016) 

investigated the microstructure and impact strength of LM25 aluminum alloy reinforced with steel wire. The results showed good bonding 

between the steel wire and the aluminum matrix. 

The impact strength of the composite significantly improved, and the proper bonding was confirmed through optical microscopy, 

which showed no voids in the bonding areas [53]. S. Venkatesan et al. (2016) investigated the mechanical behavior of aluminum metal 

matrix composites (AMMCs) reinforced with graphene particles using the stir casting method. Their findings indicated that graphene 

reinforcement at various weight fractions (0.33%, 0.55%, 0.77%) altered the microstructure, with broken dendritic grains leading to 

improved properties such as tensile and hardness strength. The presence of eutectic Si particles in stir-cast samples was observed as 

globular, unlike in the base matrix [54]. Juhi Mishra et al. (2017) examined various fabrication methods for MMCs, addressing challenges 

in the wetting of reinforcing phases during casting. The review discussed liquid phase processes, solid-liquid processes, and other 

methods, highlighting the potential of MMCs in industries like automotive and aerospace, despite the high costs of production [55]. Girija 

Moona et al. (2017) provided a retrospective review of AMMCs, highlighting their increased hardness, toughness, and wear resistance 

compared to unreinforced aluminum. They discussed challenges such as machinability, high cost of nano-reinforcements, and difficulties 

in secondary processing, which hinder broader industrial applications [56]. Arvind Sankhla et al. (2017) compared the advantages of 

MMCs over polymer-based composites, citing superior strength, stiffness, and wear resistance. They advocated for powder metallurgy as 

an efficient technique for MMC production, particularly with reinforcements like silicon carbide and aluminum oxide [57]. 

Chowda Reddy et al. (2017) investigated the use of centrifugal casting for fabricating aluminum alloy MMCs with Al2O3 

reinforcement. Their results showed that increasing mould rotation speed improved hardness and wear resistance, particularly at 1500 

rpm, due to the better distribution of Al2O3 particles [58]. Dhanasekaran R et al. (2017) studied the hardness of A356 aluminum composites 

reinforced with SiC, graphite, and alumina. They found that increasing SiC content improved hardness, but excessive amounts led to a 

reduction, highlighting the importance of optimal reinforcement levels [59]. Rajan Verma et al. (2017) analyzed the mechanical properties 

of Al356 composites reinforced with SiC and alumina. They found that the yield strength and ultimate tensile strength increased with 

reinforcement content, likely due to the dispersion of SiC and alumina particles that hindered dislocation movement [60]. T. Somasekhar 

et al. (2018) reviewed properties and processing of silicon carbide particulate MMCs based on aluminum. Their research suggested a two-

step stir casting technique to achieve uniform dispersion of the ceramic material, resulting in enhanced tensile strength, impact strength, 

and hardness for the composite compared to the base aluminum alloy [61]. 

S. Mohamed Hussain et al. (2018) optimized machining parameters for stir-cast Al-B4C reinforced MMCs. They found that lower 

B4C content (10–15%) yielded the best results, with the study focusing on performance factors such as material removal rate, cutting 

force, and surface roughness during milling [62]. Pranav Dev Srivyas et al. (2018) reviewed the mechanical and tribological behavior of 

aluminum matrix composites (AMCs) reinforced with various materials. Their research emphasized the impact of reinforcement type, 

size, and percentage on mechanical properties, and explored the factors influencing wear performance in different environmental 

conditions [63]. Mudasar Pasha B.A. et al. (2018) provided a review of aluminum metal matrix composites, focusing on the processing 

techniques, characterization, and advancements in manufacturing. Stir casting, powder metallurgy, and other techniques are discussed, 

with a special emphasis on factors such as reinforcement size, stirring speed, and temperature, which influence the mechanical properties 

and quality of the composites. The review also highlights the role of processing parameters in reducing porosity and producing defect-

free composites [64]. Kawaljitsingh Randhawa et al. (2018) reviewed fabrication challenges in MMCs, including issues with casting, 

fiber orientation, and reinforcement bonding. They proposed solutions such as coating reinforcement elements to improve wettability and 

bonding, which are crucial for successful composite fabrication [65]. 

M. Pasupathi et al. (2018) explored the gravity die casting process to analyze the microstructure and mechanical properties of 

LM25 alloy with AC4B Nano-Composite. They found that the LM25 alloy had loosely packed grains, which led to porosity and shrinkage 

faults. The addition of C4B in the AC4B alloy refined the grain structure, improving mechanical properties like tensile strength and 

hardness. The presence of nanocomposite particles significantly enhanced these properties [66]. Venkata Reddy et al. (2018) investigated 

the mechanical properties of A7075 aluminum reinforced with a hybrid matrix of silicon carbide (SiC) and fly ash. Their findings showed 

improvements in hardness and deformation characteristics and a clear interfacial bonding between matrix and reinforcements. X-ray 

diffraction (XRD) and Energy Dispersive X-ray (EDX) analyses confirmed the presence of silica and alumina phases [67]. Arun Kumar 

Sharma et al. (2019) provided an overview of matrix materials used in MMCs, emphasizing the importance of continuous research and 

development to fully realize their potential in demanding applications [68]. Pulkit Garg et al. (2019) focused on the synthesis methods 

and mechanical properties of AMMCs. They emphasized powder metallurgy techniques for better control over microstructure and 
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interface properties. They also pointed out the limitations of stir casting for manufacturing nanocomposites due to poor nanoparticle 

distribution and excessive porosity [69]. A. Radha Krishnan et al. (2019) focused on Al-Zn- Al2O3 composites for piston analysis. They 

observed improved wear and hardness properties when reinforcing LM25 alloy with alumina and zinc, which may lead to significant 

design improvements in automotive pistons [70]. Karthikeyan Govindan et al. (2019) studied LM25/ZrO2 composites fabricated via stir 

casting. The microstructural examination showed a fine distribution of ZrO2 particles in the aluminum matrix, which enhanced the 

composite's mechanical properties. SEM and EDS analysis confirmed the lack of shrinkage and porosity in the castings, making them 

suitable for high-performance applications [71]. Chandru B.G. et al. (2020) focused on the development of Al7475/NbC reinforced metal 

matrix composites (MMCs) to enhance mechanical properties such as tensile strength, compression strength, and hardness. 

By varying the particle size of NbC and reinforcement levels (2-8 wt%), they used the stir casting technique to fabricate the 

composites. The mechanical properties were significantly improved with increased NbC content. The ultimate tensile strength increased 

by 31.54%, yield strength by 34.70%, and compressive strength by 52.72% compared to the base Al7475 alloy. Additionally, hardness 

increased by 37.86%, attributed to the hard NbC particles enhancing resistance to indentation [72]. Ashrafi N. et al. (2020) investigated 

hybrid reinforcement composites (Al-Fe3O4-SiC) fabricated by powder metallurgy. The study found a 111% increase in surface hardness, 

with Al-30Fe3O4-20SiC showing the lowest coefficient of friction (COF) at 0.412. Furthermore, corrosion resistance improved with the 

hybrid reinforcement, with Al-30Fe3O4-20SiC exhibiting a corrosion protection efficiency of 99.83%, highlighting the hybrid 

composite's potential for durability and corrosion resistance [73]. Babu B et al. (2020) studied hybrid AMMCs reinforced with magnesium 

oxide (MgO) and graphite, focusing on their mechanical properties and machinability. 

Using the TOPSIS method, they optimized processing parameters to achieve better material removal rates and lower overcut during 

microelectrochemical machining (micro ECM) [74]. Nithyanandhan T. (2020) focused on the tribological behavior of SiC and graphite-

reinforced aluminum MMCs, reporting improvements in wear rates and fatigue resistance with increasing reinforcement content. The 

microstructure showed a uniform distribution of reinforcements, positively influencing mechanical properties [75]. Zeeshan Ahmad et al. 

(2020) studied the effect of Si3N4 reinforcement on the microstructure and mechanical properties of LM25 Al alloy composites. Using 

stir casting, they observed uniform dispersion of Si3N4 at lower percentages (4-8%), but clustering at higher percentages (12%). EDS and 

SEM analysis confirmed the presence of Si3N4 particles and their role as nucleating agents during solidification, leading to improved 

mechanical properties of the composite [76]. Sami Ullah Khan et al. (2021) reviewed in-situ synthesized Al 6061 alloy MMCs, noting 

that the distribution of reinforcement particles significantly affected mechanical and tribological properties. Proper reinforcement 

placement was key to enhancing material performance [77]. 

M.S. Ayar et al. (2021) reviewed advancements in aluminum MMCs, emphasizing these composites' material and energy savings 

potential. They discussed the challenges of achieving uniform reinforcement distribution and high processing costs, noting that 

innovations in aluminum-based MMCs (AMMHCs) hold promise for various engineering applications [78]. Rinku Datkhile et al. (2021) 

conducted a bibliometric analysis of research trends in MMCs reinforced with sustainably mined silica. Their work highlighted the 

growing interest in using agricultural waste for composite reinforcement, contributing to both economic growth and environmental 

sustainability [79]. Ramesh S. et al. (2021) studied the heat treatment of Al6061-AlB2 composites, finding significant improvements in 

hardness with increasing AlB2 content. The heat treatment process led to a supersaturated solution, which increased hardness, particularly 

when quenching in ice [80]. Shivaramakrishna A. et al. (2022) synthesized Fe3O4–Aluminum matrix composites and evaluated their 

mechanical and corrosion properties. They reinforced Al7075 with 2%, 4%, 6%, and 8% Fe3O4 using the stir casting technique. Their 

results showed that the tensile strength peaked at a 6% Fe3O4 reinforcement, with a 21.865% increase. The hardness was highest (47.53%) 

for 8% Fe3O4. Moreover, corrosion resistance improved significantly due to the presence of Al3Fe intermetallic phases, which enhanced 

pitting corrosion resistance [81]. 

IV. CONCLUSIONS 

The development and description of aluminum matrix composites (AMCs) have led to significant advancements in materials 

science. Researchers have focused on enhancing properties like strength, hardness, and corrosion resistance by varying reinforcement 

types, sizes, and percentages. Aluminum metal matrix composites have been recognised to be a versatile and favorable class of materials 

due to their enhanced mechanical and thermal properties. The combination of aluminum alloys with various reinforcements such as SiC, 

Al2O3, and hybrid materials, has shown significant performance improvements. The properties of these composites are influenced by 

factors such as the applied load, sliding velocity, and the type and volume of reinforcement used. Techniques such as stir casting, powder 

metallurgy, FSP, and centrifugal casting have produced high-performance of MMCs. Additionally, hybrid reinforcements and processing 

innovations continue to improve the performance and cost-effectiveness of AMCs for various industrial applications. Future research 

should focus on improving the processing techniques and strong bonding between the matrix and reinforcement, as well as exploring new 

composite materials for advanced industrial applications. 
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