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Abstract 
 The behavior of the mechanical and tribological characteristics of aluminum metal matrix 

composites made using various techniques is reviewed in this research. Hybrid composites have 

demonstrated exceptional performance and versatility. Excellent strength-to-weight ratio, resistance to 

erosion and wear, and relatively low cost are the benefits of aluminum Metal Matrix Composites 

(MMCs). Because of their remarkable specific strength and thermal stability, they are used in various 

industries, including steel production, structural engineering, marine engineering, aerospace, defense, 

and the automotive sector. Unconventional engineering materials known as Metal Matrix Composites 

(MMCs) are reinforced with materials that exhibit superior mechanical and tribological properties. The 

most common types of reinforcement include fly ash, graphite, silicon carbide, TiO2, boron carbide, 

and particulate alumina. In addition to their reinforcement in various applications, this paper provides 

an overview of their mechanical characteristics and tribological behavior. The effects of various 

reinforcements on aluminum composites vary. For instance, boron carbide enhances the tensile strength, 

electrical conductivity, thermal conductivity, and elastic modulus because of its lubricating properties. 

The inclusion of aluminum oxide produces favorable tribological behavior. Using fly ash improves the 

mechanical characteristics overall, yield, and tensile strengths. The Al composites are also affected 

differently by other reinforcements. 

Keywords: Aluminium metal matrix composite, reinforcement, silicon carbide, alumina, graphite, 

tribological behavior, Mechanical properties. 

 

1. Introduction 

A combination of metal (Matrix) and hard 

particles or clay (Reinforcement) that provides desired 

qualities is called Metal Matrix Composite (MMC). It is 

employed in producing automobiles, spacecraft, and 

other machinery. Al amalgam-based composites, 

specifically Al combination/SiC composites, have been 

improved and used due to the increased need for 

lightweight materials with excellent particle quality in the 

automotive and aviation industries. In mechanical 

applications where quality, low mass, and vitality reserve 

funds are the most important characteristics, metal matrix 

composites (MMCs) gradually replace conventional light 

metal compounds, such as aluminum amalgam. [1].The 

MMCs are appealing materials for basic applications 

since they possess ideal mechanical properties, great 

wear resistance, and low thermal expansion [2]. Because 

of their isotropic material properties, low effort 

requirements, and ability to be shaped using standard 

metal framing processes, such as moving, manufacturing, 

and expulsion, polymer metal matrix composites are 

promising heterogeneous materials for basic 

applications. However, little is known about the spatial 

characteristics of the heterogeneous material matrix in 

various composites, precipitation-hardened 

combinations, and scattering-fortified compounds. The 

type, shape, measurement, geometric plan, and volume 

division of the support, as well as the mechanical 

characteristics of the matrix material and strengthening, 

all affect their naturally occurring space reactions [3]. By 

introducing hard-fired particles and a potent ointment 

into the metal matrix, particulate-fortified metal matrix 

composites have opened up a new avenue for producing 

high-quality and extremely wear-safe materials. [4]. 

Hardness and resistance to warm stun are improved by 

adding clay strengthening elements, such as SiC, Al2O3, 

TiC, B4C, and ZrO2, to a metal matrix [5]. Second-

generation Hybrid Metal Matrix Composites (HMMCs) 

use many strengthening sizes and shapes to improve their 

qualities [6]. Because hybrid metal composites have 

constituent strengthening advantages, they exhibit 

superior properties to single-strengthened composites 

[7]. Due to wear of the aluminum matrix, it was 

discovered that the wear rate of 11% SiC MMC on SiC 

abrasives is higher than that of half SiC MMC. Due to the 
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hauling out of the irregularly produced composite 

particles, this pattern is reversed on gem abrasives [8]. As 

the volume portion of the SiC particles expands, the yield 

quality and rigidity increase while the prolongation 

decreases [9]. By expanding SiC particles into semi-

strong composite powders, the wettability between the 

liquid matrix compound is improved, the circulation of 

the support particles in the hardened matrix is improved, 

and the SiCp particle estimate is decreased. Additionally, 

it reduces the porosity of the composites and increases 

their hardness and vitality [10]. Press-cast Al/SiC 

composite materials find a wide range of industrial uses. 

Crush tossing is used to make half breed metal matrix 

composites (MMCs) of Al2O3 fiber (Al2O3f) and SiC 

particle (SiCp) [11]. As the mixing temperature is 

lowered and the mixing duration increases, the 

homogeneity of support and tractable qualities increases 

[12]. Press throwing was used to make the half-and-half 

SiC foam SiC particles/Al double interpenetrating 

composites used as the braking materials for quick 

preparation [13]. The MMCs are metals reinforced with 

natural mixtures, other metals, or both. Reinforcement 

aims to improve the parent metal's qualities, conductivity, 

etc. [14]. Aluminum MMC is typically used in 

automobiles, aircraft, aviation, and other industries [15]. 

Silicon carbide and aluminum oxide are the strengthening 

agents that are most frequently used. Rigidity, hardness, 

thickness, and wear resistance are all supported by silicon 

carbide (SiC) [16]. The features of aluminum oxide 

include high compressive strength and resistance to wear. 

The toughest known component is B4C. This one has a 

strong crack strength and useful modulus. Hardness is 

formed by an increase in B4C in the Al matrix [17]. 

Typically, zircon is utilized in a half-and-half 

strengthening method. It significantly increases wear 

resistance [18]. After silicon and oxygen, aluminum is 

the third most immeasurable element and the most 

yielding metal in the outermost layer of soil. It accounts 

for around 8% of the soil's surface by weight [19]. In 

addition to high volume manufacturing, the cost of 

creating composite materials using a throwing approach 

is around 33% higher than that of aggressive strategies 

[20]. 

2. Review of Aluminium metal 

matrix composites 

2.1 Aluminium Metal Matrix Composites 

Aakash Kumar et al. [21] surveyed aluminum 

composites' microstructural development, mechanical 

properties, and tribological behavior. They emphasized 

that different strengthening techniques distinctly affect 

the performance of aluminum composites. For example, 

due to its lubricating properties, graphite expansion 

improves the stiffness, elastic modulus, electrical 

conductivity, and warmth. Excellent tribological conduct 

results from alumina expansion. The expansion of fly ash 

improved overall mechanical characteristics, yield 

quality, and elasticity. Additionally, various 

strengthening techniques have unique effects on Al 

composites. Examination tests have been used by 

Abirami et al. [22] to analyze the mechanical 

characteristics of AA7075 using novel clay particle 

blends, such as Al2O3, TiO2, and B4C. Through the 

process of mix throwing, three different weight 

percentages of the innovative half-breed composites have 

been established. Various mechanical tests have been 

conducted, such as the hardness, elasticity, and effect 

tests. It is discovered that increasing the weight rate of 

Al2O3 by 3%, 6%, and 9% while maintaining the weight 

rate of B4C and TiO2 at 5% increases mechanical 

properties, such as hardness, elasticity, and effect quality. 

Altunpak et al. [23], the proximity of reinforced 

particles in Metal Matrix Composites (MMCs) makes 

them particularly promising for achieving improved 

mechanical and wear qualities. Aluminum is lightweight 

and safe to consume, but its usage in various applications 

has been limited due to its poor quality, rigidity, and 

resistance to wear. Because of its advanced design 

qualities, such as improved wear resistance, high specific 

quality, low thickness, and high firmness, aluminum 

metal matrix composites, or AMMCS, are currently well 

regarded and continuously improving. Among these, 

wear is one of the most frequent mechanical problems 

that lead to the replacement of assemblies and segments 

in design.Amol Mali et al. [24], aluminum compounds 

are typically used in aircraft and vehicle design due to 

their excellent mechanical qualities, low thickness, high 

wear and consumption resistance, and low thermal 

coefficient of expansion when compared to other metals 

and combinations. This study aims to provide a definitive 

overview of the effects of half-and-half support on the 

mechanical behavior of aluminum metal matrix 

composites. Amardeep Singh et al. [25] used a practical 

mix-throwing approach to manufacture aluminum 

composite with 5% Al2O3 for reinforcement and fly ash 

leftovers. Hardness testing utilizing a Rockwell hardness 

analyzer showed that the composite's hardness was 

higher than that of the solid aluminum metal. The 

generated composites displayed a difference in wear 

resistance compared to the solid aluminum metal. After 

considering all the variables, it can be concluded that an 

aluminum-based composite with 5% Al2O3 + fly-ash 
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debris strengthening has superior mechanical and wear 

resistance qualities compared to the adversary example, 

which is immaculate aluminum. Using aluminum fly ash 

residual composites, Anilkumar et al. [26] obtained 

mechanical qualities with comparable flexibility, 

compressive quality, and hardness. The previously 

mentioned characteristics advance when the weight 

separation of the fly ash debris particles increases. 

Several combinations should have been included to 

increase the fly ash composites' characteristics. 

To supply the composite by mix throwing, Anil 

Kumar et al. [27] used an Al 6061 combination as the 

matrix material and fly ash with varying weight rates 

(10%, 15%, and 20%) and particle estimates [of 4-25, 45-

50, 75-100 μm] as the strengthening. By looking at the 

example, we can see that the compressive quality, 

hardness, and rigidity increase as the weight of the fly ash 

debris increases. Anil Kumar et al. [28], developing 

newer materials with improved performance for 

tribological and mechanical applications, have led 

analysts to develop innovative and creative materials that 

can be produced using precise methods. Metal matrix 

composites offer an advantage over other materials 

because they are well-suited for applications needing 

excellent quality at high temperatures, outstanding 

fundamental unbending nature, dimensional stability, and 

low weight. By settling the weight percentage of graphite 

(3%) and rearranging the fly ash remnants (3 to 9%), 

Anandhamoorthy et al. [29] produced an Al/fly 

ash/graphite metal matrix composite via mix tossing. It 

has been shown that the sliding wear rate depends on the 

heap and that, compared to Al 6061, the cross breed metal 

matrix composite's hardness increases over time. Anand 

Raju et al. [30] conducted a test assessment of the 

mechanical properties of Al–fly ash residue composites, 

which were manufactured using stir casting. Segments 

are machined to example measurements in this case, and 

various material tests have been conducted to determine 

the material's characteristics. We are preserving 3%, 6%, 

and 8% sic and moving the mass portion of fly ash (5%, 

10%, and 15%). With the increase in weight percentage 

of support, we made good progress in mechanical 

qualities like ductility, effect quality, and hardness. 

Antaryami Mishra et al [31] outlined how the fly ash 

content was altered from 5, 10, and 15% weight 

percentage to create the composites, while the SiCp 

weight rate remained constant at 5%. Three distinct 

composites have been tested using the mix tossing 

technique. Cast round and hollow bars have been 

machined to create appropriate pins for the stick-on circle 

machine. Both short-term and long-term wear tests have 

been ordered. Arunkumar et al. [32] decided to use the 

Al6061 mixture as the matrix material, two to eight 

weight percent fly ash, and two to six weight percent e-

glass fiber for reinforcement to construct the composite 

via blend tossing. The samples remained stressed using 

an ultrasonic stream finder to distinguish the flaws, and 

the hardness, stiffness, and compressive quality increased 

as the weight percentage of fly ash increased. 

 Basavaraju et al [33] claimed that aluminum, 

which makes up more than 8% of its weight, is the most 

abundant metal and the third most abundant substance 

component in the world's covering. Combinations of 

aluminum are widely used in composite materials as a 

primary matrix component. Because of its low weight, 

experts have targeted aluminum combinations to advance 

innovation. Aluminum amalgams are widely used 

because of their incredibly appealing combination of 

qualities, which can be combined effortlessly to create a 

fantastic range of structures and shapes. Bharat et al [34] 

have employed the cenosphere of two different types (fly 

ash debris sort A and sort B) as the support to provide the 

composite via mix throwing, and the matrix is eutectic 

Al-Si-amalgam LM6, which contains 12.2491% Si. 

Because of its smaller scale, basic contrasts, and 

proximity to a small amount of carbon, kind B fly ash 

debris had higher miniaturized scale hardness, elasticity, 

influence quality, and hardness. Bienia et al [35] 

examined the Al compound's corrosion energy and set 

consumption conduct. In order to manufacture the 

composite by gravity throwing and press throwing, they 

have used fly ash as the strengthening material and AK12 

as the MMCS. Unlike an unreinforced matrix, fly ash 

particles lead to better setting erosion of the AK12/9% fly 

ash residual composite. Dombale et al [36] discussed in 

their study that aluminum compounds are widely used in 

the automotive and aerospace industries due to their 

excellent mechanical qualities and low thickness. 

Compared to newly available metals and amalgams, they 

have a lower coefficient of thermal expansion and a good 

resistance to rusting and wear. Fly ash remnants and 

alumina were used to reinforce the aluminum 

combination composite specimens, which were 

subsequently handled by mix tossing. When fly ash is 

used as a matrix and strengthening material in composite 

materials with the most extreme strengthening measures, 

such as aluminum and SiC, elasticity decreases. Elango 

et al [37] investigated the wear behavior of aluminum 

alloy LM25 reinforced with SiC particles and the 

expansion of TiO2 particles produced using a mix-

throwing process. To expand the particle volume division 

of SiC by 7.5% and increase the volume portion by 2.5% 

and 5% TiO2, the experiments are conducted with a 

constant sliding speed of 1.04 m/s and a sliding 

https://doi.org/10.37255/jme.v20i1pp025-046


Journal of Manufacturing Engineering, March 2025, Vol. 20, Issue. 1, pp 025-047  
DOI: https://doi.org/10.37255/jme.v20i1pp025-047 

 

www.smenec.org 28  © SME 
 

separation of 628 m over a different heap of 3,4,5 kg. 

Elango et al [38] claimed that the blend tossing process 

creates the mixed composite material. Over various heaps 

weighing 3, 4, and 5 kg, the investigations are conducted 

at a constant sliding speed of 1.04 m/s and a sliding 

spacing of 628 m. The coefficient of contact declines with 

the expanding burden and particle strengthening. Jeevan 

et al [39], as discussed in the review, an attempt has been 

made to produce unreinforced aluminum and its 

composites using powder metallurgy (P/M), which 

combines mixing, squeezing, and sintering to enable the 

tight net form manufacturing of precise parts. The 

composites undergo two hours of heated treatment at 

5290 °C and eighteen hours of false maturation at 1750 

°C. Powder morphology and composite structure have 

been studied using optical and scanning electron 

microscopy (SEM). With an increase in silicon carbide 

weight rate, a trend toward reduced scale hardness and 

compressive quality has been observed. 

Jithin Jose et al [40] examined four samples 

arranged using blend tossing. To start with, the test is 

Al7075, the second example comprises Al7075 with 3% 

Zircon, the third specimen shall consist of Al7075 with 

6% Fly Ash, and the fourth specimen is of Al7075 with 

3% Zircon and 6% Fly Ash. It was found that rigidity and 

hardness are increased when Zircon and Fly Ash are 

added to Al7075. Wear is diminished when Zircon and 

Fly Ash are added to Al7075. Microstructure is 

additionally contemplated utilizing a Scanning Electron 

Microscope (SEM) to comprehend the wear. Jitendra et 

al. [41] examined the improved support of aluminum 

metal matrix composites from a tribological point of 

view. A thorough literature review of aluminum metal 

matrix composites is finished, considering individual and 

multiple strengthening mechanisms and various item 

applications. Tribology-related fields, manufacturing 

forms and parameters, reinforcements and matrix 

commitment, tribological testing parameters, factual 

investigative system, and item application regions of 

AMCs are all included in the investigation audit, which 

is distilled into the category of tribology turn for 

Aluminum Metal Matrix Composites (AMMCS). 

Subramanyareddy et al [42] aimed to investigate the 

ductility and effect properties of a half-metal matrix 

composite made of silicon carbide (SiC), aluminum, and 

alumina (Al2O3) using a mix throwing technique. When 

tested for flexural and tensile properties, the results show 

that all half-and-half composites' qualities are superior to 

the base metal's. 

Lokesh et al [43] have investigated the base 

amalgam's and effect qualities and the composite's 

properties through mix, press, and gravity tossing. The 

aforementioned qualities are strengthened by increasing 

the fly ash debris's weight from 3% to 12%. Compared to 

the basis composite created by gravity throwing, the base 

combination arranged by crush throwing has reduced 

porosity. Madeva Nagaral et al [44] examined the Al 

combination metal matrix composites reinforced with 

TiC particles, which were assembled using the mix 

throwing technique. TiC particles were used as 

strengthening agents in Al2618 amalgam, the basis 

matrix to which 3 and 6 weight percent of TiC particles 

were added. An optical magnifying device was used to 

complete the microstructural analysis, which revealed the 

uniform dispersion of TiC particles in the matrix mixture. 

ASTM guidelines were followed in evaluating 

mechanical attributes such as yield quality, hardness, and 

severe rigidity. As the weight percentage of TiC particles 

in the base matrix Al2618 combination increased, so did 

the hardness, extreme elasticity, and yield quality. 

Mariyappan et al [45] accomplished the development and 

mechanical analysis of metal matrix composites made of 

silicon carbide, zirconia (zro2), and aluminum mixture. 

Al356 is a matrix metal that is lightweight, high-quality, 

and easy to process. Silicon carbide offers exceptional 

hardness and crack strength, and zirconia, which is of 

superior quality and hardness, is added as a strengthening 

agent. Here, fluid state preparation—which involves 

mixing the necessary amounts of additional materials into 

a mixed liquid Al356 matrix—completes the 

manufacturing process. Following hardening, the ASTM 

standard is followed to set up the instances and attempt 

to identify the various mechanical qualities, such as 

hardness and ductility. A scanning electron microscope 

(SEM) is used to observe the composite's microstructure. 

Mahendra et al [46] manufactured the metal 

matrix composite by utilizing Al-4.5 % cu as the matrix 

material and fly ash with differing weights (5 to 15%) as 

the strengthening material. The composite is created by a 

mix throwing technique in which the effect quality, 

compressive quality, elasticity, and hardness increase 

with an increment in fly ash content. In any case, the 

thickness and erosion resistance diminish. Madeva 

Nagaral et al [47] attempted to improve the SiC and 

Al6061 particle composites' wear characteristics. Using a 

stick-on-plate wear testing machine, the dry sliding wear 

test technique guided the studies. With the aid of the 

Taguchi L27 Orthogonal cluster, L27 analysis was 

finished. Volumetric wear misfortune was assessed to 

link load, sliding rate, and sliding separation. Littler, the 

better parameter, improved the wear procedure of 

arranged composites. Comes about that the connected 

load has the most noteworthy impact, followed by speed 
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and sliding separation. Mahendra Boopathi et al. [48] 

reported that, compared to traditional unreinforced 

materials, these composites exhibit improved wear 

resistance, higher specific strength, and greater specific 

modulus. The fortifying components used in this review 

are fly ash remnants and silicon carbide, which are 

included remotely. Aluminum combination (LM6) is 

used in automotive, aerospace, and marine projects. 

Production of silicon carbide earthenware with nearly 0% 

grain limit pollution maintains its quality up to high 

temperatures, approaching 1600°C without experiencing 

any quality issues. It is used in the manufacturing of 

ceramics, abrasives, refractories, and other high-quality 

applications. 

 Akhilesh Jayakumar et al [49] The production 

of SiC particles fortified by practically verified aluminum 

matrix composite barrels and non-strengthened 

aluminum chambers by divergent tossing was 

investigated to get the microstructure and mechanical 

properties for evaluation. The matrix is an aluminum 

combination (Al 356/LM 25), and SiC is employed for 

strengthening. One essential part of the composite is the 

fluid metal mix tossing method. Chambers of pure 

amalgam and composite were made using the vertical 

outward throwing technique. The isolation of SiC 

particles in the cast chamber has resulted in higher 

hardness on the outside margins. Precipitation solidifying 

heat treatment increases the hardness of both composite 

and immaculate amalgam chambers. Raja Kumar et al 

[50] have used appropriate testing methods to investigate 

the composite's hardness, elasticity, and wear resistance. 

To make the composite by mix tossing, they used AL 

6063 as the matrix material and fly ash as the remaining 

support. It is clear from the experiment that adding fly 

ash increases the material's flexibility, hardness, and wear 

resistance. The elasticity, hardness, and wear resistance 

increase with the addition of fly ash. Michael Oluwatosin 

Bodunrin et al [51] claimed that aluminum limit 

composites are a further development of metal matrix 

composites (MMCS) with the potential to meet the 

demands of modern cutting-edge design applications. 

The improved mechanical qualities, compatibility with 

standard preparation techniques, and feasibility of 

lowering the production cost of aluminum half-and-half 

composites allow for the fulfillment of these demands. 

The execution of these materials is mostly subject to 

selecting the correct blend of strengthening materials 

since a portion of the preparation parameters is related to 

the fortifying particulates. The real procedures for 

manufacturing these materials are quickly discussed, and 

the zones for further change on Aluminium mixture 

composites are proposed. 

Motgi et al [52] have utilized LM25 Aluminium 

compound as the matrix material and a consistent weight 

part of fly ash (3%) with shifting weight portion of 

Aluminium oxide (5%,10%,15%) as the support to 

deliver the composite by blend throwing. When this 

specimen is broken down, the hardness and rigidity 

increase as the weight percentage of aluminum oxide 

increases. Yet, the significant issue is the malleability and 

effect quality gets diminished. Mohan Kumar et al. [53] 

added 0.6 percent magnesium to the liquid metal to 

improve its wettability. The Microstructural study was 

completed utilizing optical microscopy, which brought 

about uniform dispersion of strengthened particles in the 

matrix mixture. The goal was to explore the possibility of 

the procedure and the subsequent mechanical properties, 

for example, extreme elasticity and hardness. The 

outcomes showed a critical change in extreme elasticity 

and hardness of the composite with the expansion of Fly 

ash and SiC particulates in the Al-Cu combination. 

Muruganandhan et al [54] demonstrate that MMCs are 

more deserving than they are appropriate for applications 

that call for damping qualities, thermal conductivity, 

joined quality, and take-down thickness. Stir casting is 

used to make the composite using the fly ash debris as 

support. Fly ash debris is chosen because it is the least 

expensive and thinnest material found in large quantities 

as a potent waste byproduct after coal combustion in 

heated power plants. Its low weight allows it to be 

attached to a vehicle, extending its lifespan. According to 

the survey, fly ash in the matrix material can increase 

mechanical characteristics by up to 20%. In any event, as 

fly ash expands, the erosion resistance decreases. 

Muruganandhan et al [55] attempted to investigate the 

mechanical behavior of aluminum-fly ash debris 

composites. In addition to titanium carbide as a funding 

material, fly ash is utilized as a matrix material in Al7075. 

A comparison between the unreinforced and 

strengthened combinations has been conducted. The 

analysis reveals that increasing the weight rate of fly ash 

particles and titanium carbide increases the stiffness and 

hardness of the suggested composite. 

Navnath Sambhaji Kalyankar et al [56] 

examined how the addition of SiC produced using the 

mix throwing technique alters the mechanical 

characteristics of aluminum LM-25. AL LM-25 and 

support of SiC with different weight percentages were 

used. SiC is strengthened in 10, 15, and 20% weight 

percentages. SiC strengthening's effects on AL LM-25's 

mechanical characteristics, including wear resistance, 

hardness, tensile quality, yield quality, and lengthening 

percentage, are thoroughly investigated. Ravindran et al 

[57] claimed that a section becomes difficult to process 
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when the weight% % of silicon carbide increases, and 

that silicon carbide components confined within the 

composite behave roughly. Therefore, subtle 

strengthening can be added to improve wear qualities. 

Hardness and wear resistance increased as Al2024 was 

reinforced with graphite and silicon carbide. However, 

when graphite is used alone, the wear rate increases due 

to decreased crack durability and the loss of its protective 

layer. Dora Siva Prasada et al [58] Brinell hardness 

estimation was used to examine the base combination and 

create a composite, and the corresponding age hardening 

bends were obtained. It was observed that adding the 

strengthening accelerated the precipitation energy of the 

composites compared to the basal aluminum compound. 

This sufficiently reduced the optimal chance for the 

maturing heat treatment to acquire the maximum 

hardness. Pardeep Sharma et al [59] examine the various 

methods used to assemble aluminum matrix composites 

and conclude that, independent of the method used to 

produce the composites, the mechanical and tribological 

qualities of single support composites are superior to 

those of unadulterated aluminum and its compounds. 

Compared to single support composites, it was 

discovered that most cross-breed composites have 

superior mechanical and tribological qualities. 

Prashant Kumar et al. [60] selected SiC, fly ash, 

and aluminum alloy LM6 as the matrix and 

reinforcement materials for metal matrix composites 

(MMCs). Experiments were conducted using varying 

weight fractions of fly ash (5% and 15%), while the SiC 

content was maintained constant at 5%. The results 

demonstrated that increasing the fly ash content enhanced 

the impact strength, wear resistance, and tensile strength, 

while reducing the elongation rate. Prasanta Sahoo et al 

[61] assert that business applications for aluminum metal 

matrix composites (MMCs) have grown. Alumina 

(Al2O3), silicon carbide (SiC), boron carbide (B4C), 

titanium carbide (TiC), titanium dioxide (TiB2), and 

graphite are a few examples of clay particles that can be 

added to aluminum composites to improve their 

mechanical and tribological qualities. In the past few 

years, many scientists have considered the features of 

aluminum MMCs. Prasad et al [62] investigated the wear 

rate and hardness mechanical characteristics utilizing 

various throwing mechanisms. Compared to the 

aluminum composite delivered by press throwing and 

gravity throwing, the aluminum fly ash with a 7.5% 

weight division has a high hardness and wear rate. 

Additionally, the specimen produced by gravity throwing 

has a high wear rate and low hardness. Prasad et al [63] 

Utilizing eutectic, Al, and Si compounds as a matrix 

material and expanding fly ash (in weight percentage) as 

a support, they created a composite using crush throwing. 

By applying weight and increasing the weight rate of fly 

ash, the composite's sliding wear resistance improves, 

and by using press throwing, the porosity in the 

composite is eliminated. Prabhakar Kammer et al [64] 

conducted a trial analysis of Al7075 using E-glass 

filaments and fly ash. Mix tossing is used to make the 

metal matrix composite. With varying fly ash residues (2 

to 8%), the e-glass fiber rate is set at 1%. Compared to 

the Al 7075 mixture, compression quality and elasticity 

tend to improve. Prashant Kumar et al [65] reinforced 

aluminum combination (LM6) with SiC and fly ash 

debris to improve its mechanical properties. It was 

discovered that the expansion of fly ash in the LM6/SiC 

hybrid composite tends to increase wear resistance. 

Viswanatha et al. [66] analyzed aluminum 

matrix composites' microstructure and mechanical 

properties reinforced with graphite (Gr) and silicon 

carbide particles. The matrix material is an A356 

combination with a fixed amount of 3 weight percent 

graphite and a reinforcement of SiCp varying from 0 to 9 

weight percent in increments of 3 weight percent. The 

fluid metallurgy approach was used to create the 

composites. The prepared composites were examined 

microstructurally to determine the particle dispersion in 

the matrix material. The composite's ductility and 

hardness were considered and compared. The hardness 

and elastic characteristics underwent a significant 

transformation by increasing the weight rate of silicon 

carbide particles. Poovazhagan et al [67] produced cast 

specimens, which were depicted using SEM 

considerations and EDS analysis, hardness, pressure, and 

effect tests. The results demonstrate that the nano-

strengthening was successfully fused in the aluminum 

matrix by the ultrasonic cavitation impacts, specifically 

transient cavitation and acoustic gushing. The proximity 

of SiC and B4C nanoparticles in the aluminum matrix is 

confirmed by SEM analysis using EDS. The half and half 

composites' room temperature stiffness and hardness 

increased overall compared to the un-strengthened 

combination, but their pliability and effect quality barely 

decreased. Rama Koteswara Rao et al [68] discovered 

that aluminum matrix composites (AMCs) were 

preferred over other common materials due to their 

inexpensive cost, great wear resistance, and excellent 

quality-to-weight ratio. These aluminum matrix 

composites, which rely on the compound formation of the 

Al-matrix, provide a wide range of mechanical 

properties. Depending on their uses and the requirements 

for their properties, the support in aluminum matrix 

composites (AMMCs) may be as persistent or 

intermittent strands, hair, and particles as the second 
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stage. The mechanical and tribological properties will be 

improved by adding additional strengthening materials to 

the aluminum matrix, such as fly ash, TiC, SiC, B4C, 

Al2O3, and TiO2. 

2.2 Al6061, SiC, Al2O3, and B4C Matrix 
Composites 

Ravi et al. [69] reported that when reinforced 

with hard-fired particles such as SiC, Al₂O₃, and B₄C, 

aluminum matrix composites (AMCs) exhibit improved 

wear resistance and a higher strength-to-weight ratio. 

AMCs are made using a variety of procedures depending 

on their strength, size, and shape. Rajan et al. [70] 

evaluated the structure and properties of an Al-7Si-

0.35Mg composite reinforced with fine fly ash particles 

(13 μm in size). Among fluid metal blend throwing, 

compo casting (semi-strong handling), altered compo 

casting, and adjusted compo casting, followed by crush 

throwing courses evaluated, the last has resulted in an all-

around scattered and generally agglomerate and porosity-

free fly ash remains particle scattered composites. 

Ramadan et al [71]  describes the results of rough wear 

tests on instances of persistent Silicon Carbide (SiC) and 

high quality Carbon (H.S.C) filaments strengthened 

Al(1100) and Al(6061) matrix materials, with 50-60% 

fiber volume component, and created by matrix fiber 

covering and hot-solidification manufacturing procedure. 

The test for strands parallel to the sliding bearing of 

Al2O3 (alumina) grating papers with rough coarseness 

sizes 85mμ to 250mμ, at sliding paces of 76, 110, 160, 

and 180 mm/s, and connected load going from 5 to 15 kg 

for a period (t), demonstrate that the test can be connected 

to constant fiber fortified metal matrix composites. Their 

expansion has brought about a massive diminishment of 

scraped spot rate by a component of more than ten for 

such a composite. Ranjith et al [72] audited the late 

progressions in aluminum matrix composites. Cast 

composites have a high potential for widespread use in 

India, notably in space, automobile, and marine 

applications. The widespread use of composites has the 

potential to generate significant savings in materials and 

vitality. The various techniques necessary for the 

production of aluminum matrix composites are 

discussed. This section discusses the composite 

microstructure regarding support appropriation and 

interfacial properties. The properties of AMCs can be 

tailored to meet the needs of diverse mechanical 

applications by combining appropriate matrix, support, 

and handling courses. 

Radhika et al. [73] investigated the mechanical 

and wear properties of LM25/SiC/Al₂O₃ hybrid metal 

matrix composites. A fluid metallurgy course created 

composite examples of strengthening ranging from 0 to 

30% by weight. Mechanical properties such as hardness 

and stiffness were studied for unreinforced amalgam and 

composite samples. The wear characteristics of 

composite examples were assessed utilizing a pin-on-

circle tribometer. Wear tests were carried out using a load 

range of 10 N to 30 N and speeds ranging from 1 m/s to 

3 m/s. The sliding spacing was maintained at 1500 m 

throughout the wear analysis. A scanning electron 

microscope was used to break down the exhausted 

surfaces of composites. Investigations demonstrated that 

mechanical properties and wear resistance improved as 

the weight rate of strengthening increased. Ramachandra 

et al [74] demonstrated that aluminum-based MMC 

containing up to 15 wt% SiC coordinated by a mix-

tossing approach exhibited close uniform dispersion of 

SiC particles in the matrix. The mix throwing technique 

is simple, cautious, and results in close uniform 

dispersion. When wear is measured using a pin-on-plate 

tribometer, it is shown that wear resistance increases with 

an increase in the weight percentage of SiC particles. 

Regardless, wear has increased as the average load and 

sliding speed have increased. The hardness of composites 

increased as the number of SiC particles increased. Sahin 

et al. [75] stated that the parameters x₁, x₂, and x₃ 

represent the coded values of sliding distance, applied 

load, and abrasive particle size, respectively. Setup 

conditions revealed that the composite had a lower wear 

rate than the unreinforced matrix material in both cases. 

Furthermore, the wear rate increased with increasing 

connected load, grating size, and sliding separation for 

SiC paper, whereas it decreased with sliding separation 

for Al2O3 paper. The collaborative impact of the 

elements revealed a mixed behavior toward the wear of 

the materials. Sameer et al. [76] conducted a 

microstructural analysis of the prepared composites by 

taking samples from the center of the casting to ensure 

homogeneous particle dispersion. The composite's 

Tensile hardness and microstructure were measured 

before and after adding Alumina Al2O3 and graphite 

particles. The microstructural description of the mixtures 

necessitates revealing a justly uniform circulation rather 

than some degree of grain strengthening in the models. 

Sandeep Kumar et al. [77] used Aluminium 

LM6 as the matrix material to produce the LM6–SiC–fly 

ash hybrid composite. Even though there are various 

preparation procedures available for particle or 

spasmodic fortified metal matrix composites, blend 

tossing is the procedure that is commonly used for large-

scale business development. This technique is most 

logical because it is clear, adaptable, and simple for large 
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estimated segments. Sathyabalan et al. [78] found that in 

an aluminum–silicon carbide (SiC) composite, increasing 

the volume fraction of SiC reduces both the weight of the 

composite and its wear rate. Selvi et al. [79] investigated 

the mechanical properties of aluminum metal matrix 

composites (Al MMCs) theoretically and experimentally. 

It was concluded that fly ash particles improve the wear 

resistance of the Al MMC, the presence of SiO2 in fly ash 

increases the wear resistance of the Al MMC, and 

progressions of wear rates are seen in the sliding wear 

test. Shubhranshu Bansal et al. [80] discovered that the 

Al359–Silicon Carbide composite has higher hardness 

than the Al359–Silicon Carbide–Graphite composite. 

The silicone carbide/graphite reinforced composite 

outperforms the silicone carbide-strengthened composite 

in terms of rigidity. The wear test was conducted under 

varied stacking, sliding speeds, and sliding separation 

situations. The results showed that the wear resistance of 

the Al359 combination increased with the strengthening 

of the silicon carbide/graphite material under greater 

stacking, sliding speeds, and sliding separation 

circumstances. SEM images of the well-used surface of 

the stick were examined to focus on the wear of the 

instrument. 

Shanmughasundaram et al. [81] found that 

incorporating fly ash particles improved the compressive 

strength. Compressive strength of the composites 

decreases as the fly ash content component increases 

from 20% to 25% by weight. However, after 20 wt%, the 

fly ash constituents cooperate due to particle clustering, 

which reduces quality. Shanmughasundaram et al [82] 

investigated using a stick-on-circle wear test repair. 

Results showed that the wear and rubbing factors 

decreased directly as the weight rate of graphite particles 

increased. The composite's wear resistance increased 

significantly as the sliding speed increased under 

continuous load. Interestingly, the contact coefficient of 

the Al 7.5wt.% Gr composite improved when the sliding 

speed was raised from 1 to 2 m/s at 49N. Exhausted 

surfaces of wear examples following the test were 

examined using electron microscopy to investigate the 

shape of worn surfaces. An EDS examination was done 

to explore the impact of mechanically mixed layer 

(MML), which includes oxides and iron, and this acted as 

a viable tribolayer for upgrading wear resistance at 

greater sliding speeds. Sharanabasappa et al. [83] used 

composites containing fly ash residues (particle size of 3–

100 μm) and Al₂O₃ (particle size of 150 μm) at varying 

weight percentages. Composite examples contain 

strengthening weight divisions of 3% fly ash and varying 

percentages of 5, 10, and 15% Al2O3. The primary 

mechanical qualities considered were stiffness, 

flexibility, quality, and hardness. Unreinforced LM25 

tests were also conducted for similar attributes. 

Furthermore, the tensile quality of the reinforced material 

with metal Aluminium matrix declines due to poor 

wettability, and the Charpy test shows a decrease in effect 

stack assimilation with an increase in weight 

strengthening. 

Shouvik Ghosh et al. [84] examined the wear 

behavior of an Al–SiCp metal matrix composite under 

varying support content, applied load, sliding velocity, 

and time conditions. Aluminium metal matrix composites 

with SiC particles are created using fluid metallurgy 

using LM6 aluminum compound and silicon carbide 

particles (about 37 μm) with SiC weight percentages 

ranging from 5% to 10%. The material is prepared using 

a mix throwing technique in an electric dissolving heater.  

Sreenivasa Reddy et al. [85] chose Al 7075 as the matrix 

material and used e-glass fiber with fly ash, varying the 

weight percentage to create the composite. The thermally 

treated example has a higher hardness and rigidity than 

the cast sample. The e-glass fiber and fly ash rate can be 

adjusted to improve mechanical qualities. Babu et al [86] 

used electrochemical machining to determine the optimal 

base overcut and metal expulsion rate. According to the 

results, the hardness of the ash debris increases with an 

increase in fly ash. Arun et al. [87] noted that in the 

production of aluminum-based (Al 6061) composites 

using silicon carbide and fly ash as reinforcements, fly 

ash residues are one of the most affordable and low-

density materials available as a byproduct of coal 

combustion. The thrown segments are then machined to 

example dimensions, and distinct material testing is 

performed to determine the material attributes and 

qualities. The mass percentage of Al6061 and fly ash 

(9%, 12%, and 15%) varied, whereas the 9% SiC 

remained stable. We made significant progress in 

mechanical qualities such as tractability, pressure, and 

hardness as we increased the weight percentage of 

strengthening. Patil et al [88] concentrated on using fly 

ash remains in bond concrete as a partial substitution of 

concrete and as an added substance to give an 

ecologically predictable method for its transfer and reuse. 

The bond in the solid matrix is increased from 5% to 25% 

by 5% venture capital investments. It is noted that 

substitution of the bond to any extent brings down the 

compressive quality of concrete and, in addition, delays 

its hardening. Thirumoorthy et al. [89] focused the 

review on the AA6061 and AA7075 alloys, as they are 

readily available in the market and widely used for 

fundamental purposes in manufacturing. This ebb and 

flow analysis shows that most research has focused solely 

on carbide expansion and a few oxide-based 
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strengthening techniques. There has been insufficient 

research on the expansion of nitrides and oxide particle 

strengthening in aluminum amalgams. The 

characteristics can be improved by expanding the nitride 

support and blending oxides with nitrides. Indeed, a 

research gap exists in using propulsive representation 

methodologies in composite portrayal. 

2.3 Scanning electron microscopy (SEM) 

Basavaraju et al. [33] stated that hybrid MMCs 

offer several advantages over conventional metals. 

Aluminium has numerous advantages in the industry 

sector and is employed as a bare metal in various MMCs. 

The basic metal utilized in this piece is aluminum LM25. 

The studies used graphite and fly ash with different 

percentages of Silicon Carbide (SiC) and Aluminium 

LM25 as base metals. Graphite and fly ash are added 

individually for 2% of the aluminum weight, while 

silicon carbide is added in quantities of 2, 4, 6, and 8%. 

Madhukumar et al. [90] selected Al6061 alloy as the 

matrix material and base powder as the reinforcement to 

fabricate the composite using the stir casting method. 

Composite scale hardness and rigidity decrease as the 

weight percentage of base fly ash debris particles 

increases. The problem is that the stiffness and 

miniaturized scale hardness decrease after 9% wt of base 

powder. Uthayakumar et al. [91] used aluminum alloy 

6351 as the matrix material and fly ash particles (at a 

weight percentage of 5 to 15%) as the reinforcement to 

fabricate the composite using the stir casting process. The 

outcome clearly shows that the composite does not wear 

at low loads. Furthermore, the results show that the 

coupled load has the most significant impact on dry 

sliding wear. Madhukumar et al [90] emphasize the 

development of Aluminium mixture (6061) matrix 

composites (AMCs) reinforced with 3 to 12 wt% glass 

particles of 75μm, 88μm, 105μm, and 250μm using mix 

throwing course. The microstructure and mechanical 

properties of the fabricated AMCs were investigated. The 

unreinforced mixture and composites' mechanical 

properties, such as hardness and elasticity, were 

measured. The mechanical qualities, such as hardness 

and rigidity, have improved as the weight rate of glass 

particles in the aluminium matrix increased. 

Venkataraman et al. [92] concluded that its wear 

resistance increased when Al7075 alloy was reinforced 

with SiC in various volume fractions (fabricated by 

powder metallurgy). The increase in wear resistance is 

mostly due to the formation of a Mechanically Mixed 

Layer (MML) on the heavily used surface, as revealed by 

worn surface examination. MML is formed by a turbulent 

plastic stream caused by shear instability (shear concern) 

in a section of metal near the worn surface, and this 

plastically twisted metal is combined with a steel plate 

partner. Velugula Mani Kumar et al. [93] noted that 

aluminum-copper metal matrix composites are used in 

damage-resistant applications, such as commercial 

aircraft's lower wing skins and fuselage structures.  In this 

study, aluminum combination examples (6061) will be 

made with various percentages of copper in the 

organization, namely, 4%, 6%, 8%, and 10%, using the 

coin tossing procedure. Mechanical parameters like 

stiffness, hardness, percentage stretching, and smaller-

scale structures will be examined. Veeravalli 

Ramakoteswara Rao et al. [94] studied AMMCs with 2–

10 wt.% TiC particles in both cast and heat-treated (T6) 

conditions. In both settings, each composite 

outperformed the matrix metal in terms of mechanical 

qualities (hardness, stiffness, and elongation rate). The 

destruction tests were carried out at a sliding velocity of 

2 m/s, a sliding spacing of 2 km, and an ordinary heap of 

20 N. The composites' wear resistance increased with the 

weight rate of TiC particles, and the wear rate was 

significantly lower for the composite material than for the 

matrix material. 

Venkat Prasat et al. [95] examined the 

mechanical properties, wear behavior, and microstructure 

of the aluminum LM25 composite. The various 

reinforcements evaluated for this study were SiC, 

graphite, and fly ash, with Aluminium LM25 as the 

matrix material. Many investigators found that the 

specimens were primarily prepared using the stir casting 

method, though more processes have been used. Many 

experiments were conducted to analyze the tensile 

properties of composites, and it was found that the tensile 

strength increases when the weight% of reinforcement is 

limited to 2%. Similarly, wear tests were conducted, and 

it was concluded that the wear rate increases with the 

increase in load. Finally, the microstructure of 

Aluminium LM25 Composite was studied by Scanning 

Electron Microscope (SEM). Vivekanandan et al. [96] 

fabricated the aluminum–fly ash residue composite using 

a stir casting process. The growth of fly ash debris acts as 

a barrier to the development of disengagements, 

increasing the hardness of the composite. Furthermore, 

adding fly ash residues to the liquid aluminium increases 

its harsh wear resistance. This composite fortification 

directly results from powerful reinforcement, scattering 

fortification, and particle support. Wu et al. [97] 

investigated the wear behavior of metal matrix 

composites (MMCs) and the solid Al/12 wt% Si alloy 

using stick-on-plate tests from ambient temperature to 

400°C under dry conditions. It was discovered that 
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adding 3- 7 vol.% of fiber helped to reduce the 

composite's wear rate at room temperature. Furthermore, 

results from room temperature tests showed that the 

MMC with 4.5% fiber had the lowest coefficient of 

erosion estimate. Sliding wear experiments at high 

temperatures revealed that MMCs had significantly 

lower wear rates than the unreinforced amalgam, 

particularly over 300°C. Scanning electron microscopy 

investigated the ragged surfaces and sub-surfaces of 

instances tested at high temperatures. Yashavanth Kumar 

et al [98] state that half breed composites have the 

potential to meet the present demands of cutting-edge 

design applications, particularly in the automotive 

industry, because of their low weight, thickness, 

coefficient of thermal expansion, high quality, and wear 

resistance. This research examines the mechanical and 

tribological properties of Al-B4C composites made using 

powder metallurgy and mix throwing procedures. The 

actual systems for producing these composites are being 

swiftly investigated. Yadong et al [99] concluded that fly 

ash debris reduces PET's thermal deterioration, 

accelerates PET's dissolving and blending, reduces 

material shrinkage during the embellishing process, and 

improves the qualities of the final product. The 

compressive strength was far higher than expected for 

building materials. The expansion of fly ash increased 

compressive quality by 31-53%. Water consumption was 

irrelevant in all of the situations. The small-scale 

structure and holding component were examined by 

scanning electron microscopy (SEM) and X-ray 

diffraction (XRD) investigation 

3. Stir Casting 

In a blend tossing technique, mechanical mixing 

disperses the particles, strengthening them into 

aluminium and softening them. The quality of blending 

determines the distribution of particles in the last strong, 

the wetting state of the particles with the liquid, the pace 

of hardening, and the relative thickness. The geometry of 

the mechanical stirrer, its position in the liquid matrix, the 

softening temperature, and the particles' properties 

determine particle circulation in the fluid matrix. 

Twofold mix tossing, also known as two-stage blending, 

is a recent improvement in the blend throwing operation. 

The warmed, strengthening particles are now combined 

and mixed. Again, the slurry is heated to a fluid state and 

combined together. Twofold blend throwing has been 

shown to produce a more homogeneous microstructure 

than regular mixing (Saravanan et al [100]). A strategic 

three-stage blend throwing approach for producing nano 

subdivisions encouraged the composite. Now, the initial 

place support and Al particles are mixed using ball mills 

to break the connecting bunching of nano particles. The 

composite slurry is sonicated with an ultrasonic probe or 

transducer to improve particle distribution when 

necessary. The preferred position of the blend throwing 

procedure is its importance to large-scale manufacturing. 

Compared with other creation techniques, the mix giving 

procedure costs as little as 1/4rd to 1/11th for large-scale 

manufacturing of MMCs. Because of the foregoing, mix 

tossing is the most commonly used business technique 

for producing aluminum-based composites. (Girot et al, 

[101]).  (Hai Su et al, [102]). 

 

Fig. 1 Stir casting Investigational set up (Maruyama 

[103]) 

4. Mechanical Properties 

A composite's mechanical properties are 

determined by various factors, including the type of 

support, amount of strengthening, shape, estimation, and 

so forth. A thorough understanding of mechanical 

behavior is essential as they are used in various 

applications. The mechanical properties of the 

Al202/Al2O3 composite were evaluated, and the 

composite's yield and extreme elasticity increased as the 

volume portion of Al2O3 particles increased (Kamat et al 

[104]). The creators made an Al2024/Al2O3p composite 

and investigated its mechanical properties. The designers 

observed that the yield quality of the composite 

improved, but extreme stiffness and malleability 

decreased when the volume rate of earthenware material 

increased (Abdel-Azim et al [105]). The authors used 

blend throwing to construct an in situ Al-TiB2 composite. 

They found that the composite's elastic and yield quality 

was twice that of an unreinforced matrix; however, the 

pliability demonstrated a lower value (Tee et al [106]).  

https://doi.org/10.37255/jme.v20i1pp025-046


Journal of Manufacturing Engineering, March 2025, Vol. 20, Issue. 1, pp 025-047  
DOI: https://doi.org/10.37255/jme.v20i1pp025-047 

 

www.smenec.org 35  © SME 
 

 

Fig. 2(a) Variety of hardness with B4C content 

(Kakaiselvan et al [112]) 

 

Fig. 2 (b) Variety of UTS with B4C content 

(Kakaiselvan et al [112]) 

They reported that the definitive elasticity 

consumption resistance of the half-and-half composite 

was superior in fundamental arrangement than acidic 

arrangement (Alaneme et al., 107). They observed that 

the composite with 3% by weight Al2O3 required stiffness 

and hardness approximations of 500 MPa and 125 HV 

over the unreinforced matrix mixture. Furthermore, wear 

resistance is improved by using a composite (Abdel-

Azim et al [108]). The designers demonstrated that the 

composite's resistance and hardness increased with the 

weight reinforcement percentage (Kok et al. [109]). 

Sajjadi et al. [110] produced an Al (A356.1) matrix 

composite supplemented with MgO nanoparticles.  The 

creators observed that the composite's hardness and 

compressive quality were higher than the matrix 

compound's. Hai Su et al. [111] investigated the 

properties of nano particle Al2O3 reinforced and 

Aluminum 2024 matrix composites using a three-step 

pitching approach. They discovered that the stiffness and 

yield strength of the composite were superior to those of 

the pristine matrix compound. Kakaiselvan et al [112] 

produced an Al 6061 and B4C composite and 

investigated its mechanical properties. They observed 

that the composite's hardness (Fig. 2.a) and stiffness (Fig. 

2.  b) increased linearly with the increasing weight rate of 

the B4C particle.  Karbalaei Akbari et al. [113] conducted 

a comparative study of the mechanical properties of Al-

TiC, Al-B4C, and Al-TiC-B4C mixture composites. The 

creator discovered that Al/TiC/B4C composite has the 

highest toughness. The Al-B4C composite produced the 

highest yield quality and stiffness, whereas Al-TiC 

displayed the largest elongation. Baradeswaran et al. 

[114] increased the mechanical conductivity of a B4C-

fortified AL-7075 matrix composite. The creator 

discovered that the composite's definitive stiffness (Fig. 

3a), compressive quality (Fig. 3c), and hardness (Fig. 3b) 

increased linearly with an increase in B4C volume rate. 

 

 

Fig. 3 (a) Variation of TS with B4C content 

(Baradeswaran et al [114]) 

Furthermore, the roughness coefficient and 

wear rate decreased when TiB2 was used instead of a 

clean combination. Mazahery et al. [115] discovered that 

the continuation break initially grew and then decreased 

with increased strengthening. 

 

Fig. 3 (b) Variation of hardness with B4C content 

(Baradeswaran et al [114]) 
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Fig. 3 (c) Variation of compressive strength with B4C 

content (Baradeswaran et al [114]) 

 

Fig. 4 (a) Variation of UTS with Al2O3 content   

(Mazahery et al [115]) 

 
 

Fig. 4 (b) Variation of yield strength with Al2O3 

content (Mazahery et al [115]) 

 

Fig. 4 (c) Variation of hardness with Al2O3 content 

(Mazahery et al [115]) 

Cheng Su-ling [116] created A356.2 Al/Rice 

hunk ash leftovers (RHA) metal matrix composites 

(MMCs) using a mix tossing method. The designer 

noticed that the composite's hardness and extraordinary 

adaptability appeared differently from the faultless blend. 

Siva Prasad [117] discovered that when the rate of Al-N 

incorporation into the combination matrix increased, so 

did the composite's small and large-scale hardness. 

Ashok Kumar [118] used a blend tossing matrix to create 

a cross-section composite of breadfruit seed structure, 

red-hot stays reinforced Al-Si-Fe compound. The 

designer documented an extension in the composite's 

unbending nature and hardness values, but the impact 

quality appeared differently regarding the structural 

compound. Atuanya et al [119] focused on the 

mechanical properties of a blend-cast (SiC + Fly Ash) 

strengthened Al6061 crossbreed composite. David Raja 

Selvam et al [120] employed metal matrix composites 

based on Aluminum 2024, SiC, and fly ash to increase 

mechanical parameters such as the composite's stiffness, 

yield, and hardness. Alaneme et al. [121] examined the 

mechanical properties of Al-15 l% and B4C-established 

MMCs. The creators observed that the flexibility of the 

composite material decreased with increased volume 

percentage of Boron carbide, and the break of Boron 

carbide (B4C) strengthening occurred via a cleavage 

mechanism. Ibrahim et al. [122] evaluated the 

mechanical description of an AA7015 aluminum mixture 

reinforced with ceramic and hypothesized that hardness 

increased by heated expansion, reducing plastic 

deformation of the composite and achieving improved 

wear conduct. Cambronero et al. [123] discovered that 

the Aluminium-considered carbide composite reduces 

the composite's sintering temperature by 150-250°C, and 

that heat treatment of B4C at a temperature range of 

1100-1500°C before invasion ideally impacts the 

penetration of fluid Aluminium on boron carbide. A 

powder blend reduces green thickness while increasing 

mechanical qualities such as toughness and hardness. 

Jinkwan Jung et al. [124] focused on the impact of Ti 

expansion on the properties of the Al-B4C interface, and 

a small-scale auxiliary review and creator stated that a 

strong holding could not be molded on the 

material/strengthening interface in Al-B4C composite 

delivered at 858°C. Because of the inadequate wetting of 

B4C particles by fluid Aluminium, the wetting issue was 

effectively exposed by the expansion of very thin (90-180 

nm thick) TiC and TiB2. Toptan et al. [125] investigated 

the effect of graphite support on the mechanical 

properties of Al boron carbide (B4C) composites and 

discovered that expanding graphite particles reduce the 

composite's hardness. Muthazhagan et al [126] focused 

on the small-scale structure, the metallurgical properties 
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of Al7075, Alloy T651, and Boron carbide 4% capacity 

surface composite by contact blend preparing, and the 

creators discovered that the normal stiffness of crushing 

mix held surface composite remained 1.5 higher than that 

of the base metallic Aluminium matrix. Ramesh et al 

[127] investigated handle enhancement in blend throwing 

as well as the microstructures and wear conduct of TiB2 

on Al6061 MMC, and the designers concluded that the 

quality, miniaturized scale, and full scale hardness of 

aluminium composites increased when support (TiB2) 

was included. Suresh et al. [128] created an unadulterated 

Al/B4C composite using powder metallurgy and 

investigated its mechanical characteristics. They 

observed that as the weight percentage of B4C and 

sintering temperature increased, so did the composite's 

hardness. However, sintering temperatures beyond 625 

◦C lose their impact after 15 wt% of B4C. The 

composite's resistivity decreases with increasing B4C 

concentration and sintering temperature. Also, the impact 

of sintering temperature is lost after 15 wt% of B4C. 

Topcu et al. [129] observed that the solidified Al-

7075/B4C composite sintered at 530°C for 3 minutes 

achieved high mechanical properties, including Vickers 

hardness of 181.6 HV, tensile strength of 1100.3 MPa, 

high-pressure yield strength of 878.0 MPa, and fracture 

toughness of 469.3 MPa. These properties were 

attributed to a fully dense microstructure and a strong 

interface between the matrix and reinforcement. 

Chuandong Wu et al [130] delivered 11 wt% B4C 

particulate-strengthened 6061 Al matrix composites by a 

traditional softening blending strategy. They observed 

that the composite's enhanced mechanical properties 

(hardness, yield stretch, UTS), when contrasted with the 

matrix alone, show that malleability diminishes. Auradi 

et al [131] investigated the mechanical properties of B4C 

particulate-reinforced Al6061 metal matrix composites. 

The authors observed that the hardness increased 

dramatically as a result of the expansion of B4C 

particulates, and a change of 17% and 38.4% in extreme 

rigidity was achieved over Al6061 amalgam after 

expansion of 7 and 9 wt% of B4C particulates, 

respectively. Pradeep et al. [132] focused their testing on 

the mechanical conduct, display, and advancement of 

wear characteristics of B4C and graphite-strengthened 

aluminum half and half composites. Creators discovered 

that the AA 7075 half-and-half composite had a higher 

hardness and greater elongation percentage than the AA 

6061 compound and its mixing composite. Vettivel et al. 

[133] investigated the abrasive wear behavior of boron 

carbide (B4C) particle-enhanced Al2024 MMCs and 

discovered that increasing the element volume portion 

and decreasing the particle size reduces composite 

thickness while increasing permeability and hardness. 

Canakci et al [134] used Al 6061 combination and 

fortified it with SiC from 5 to 15 wt.% % utilizing a blend 

throwing system. The elasticity of the metal matrix 

composite increased when graphite was added to Al/SiC, 

when contrasted with the SiC option in the Al matrix, as 

shown in Figure 5, due to the scattering of SiC and 

graphite (Gr) in Al 6061.  

 

Fig. 5 Variation of tensile strength with composition 

of SiC/Graphite  (Vamsi krishna et al [135]) 

Al2O3, SiC, and graphite serve as reinforcing 

agents for the AA 2900 compound. Ashwath et al [136] 

discovered that the hardness values resulted from 

alumina and SiC increments as fixation increments, as 

shown in Figure 6. It has also been demonstrated that SiC 

particles have a higher hardness value than alumina 

particles. Because graphite expansion exceeded 10 wt.%, 

the sinter could not be shaped because the number of 

graphite particles exceeded the quantity of metal matrix 

particles.  

 

Fig. 6 Variation of hardness value with composition 

of Al2O3 and SiC (Ashwath et al [136]) 
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5. Tribological Properties 

Aluminum matrix composites have received 

much attention and recognition due to their high specific 

strength and widespread wear resistance. A few scientists 

have investigated the tribological properties of aluminum 

metal matrix composites due to their use as bearing 

materials, brushes, contact strips, and so on. Examining 

the high temperature dry sliding wear conduct of 

Al(A356)/SiC, Al(A356)/(SiC+ Graphite), and 

Al(6061)/Al2O3 composites, the authors discovered that 

the expansion of artistic particles improves the 

composite's seizure resistance at higher temperatures 

compared to immaculate amalgam, with SiC being more 

powerful than Al2O3. Compared to the other two 

composites at higher temperatures, the cross-breed 

composite would be indicated to be resistant to 

substantial wear. Wilson et al, [137].  Load and TiC 

content significantly impacted the dry sliding wear 

conduct of Al-4Cu/TiC, Al (A356)/TiC, and Al 

(unadulterated)/TiC composite. The creators concluded 

that the composite had lower wear rates than pure 

compounds, with Al (A356) - 10% TiC displaying the 

most significant resistance. Shipway et al. [138] 

investigated the dry sliding wear behavior of in situ Al-

Tib and Al-4.5% Cu-Tib2 composites formed by the mix 

tossing technique. The designer discovered that wear 

problems of both composites decreased with an increase 

in volume division of Tib2. Figure 7c shows that as the 

sliding separation increases, wear misery also increases, 

albeit at a much slower rate than with pure compound. 

Similarly, the wear resistance of the Al-Tib2 composite 

was superior to the Al-4.5% Cu-Tib2 composite (Tee et 

al [139]). 

 

 

Fig. 7(a) Variation of wear rate (Tee et al [139]) 

 

 

Fig. 7(b) Variation of wear rate (Tee et al [139]) 

 

 

Fig. 7 (c) Variation of volume loss (Tee et al [139]) 

The creators observed that wear rate increased 

with increasing connected load, sliding separation, and 

grating size for SiC emery paper, but decreased with 

sliding separation for Al2O3 paper. Sahin et al. [140] 

investigated the wear behavior of Al (2024)/Al2O3p 

composites and evaluated the effects of sliding 

separation, Al2O3p content, strengthening size, and 

grating coarseness on rough wear parameters. The 

creators discovered that the pure compound had a 

substantially higher volume loss than the composite 

material. Wear problems increased with coarseness 

measurement and sliding separation. Similarly, the 

volumetric wear misfortunes decreased as the particle 

size and weight fraction of Al2O3 particles increased. 

Kok et al. [141] investigated the wear behavior of 2024 

Al/Al2O3 composites and observed a decrease in wear 

rate with an increase in the volume percentage of Al2O3 

particles at a constant particle size.  
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Fig. 8 Variation of wear rate (Sanjeev Das et al 

[145]) 

Hosking et al. [142] investigated the dry slide 

erosion conduct of half-and-half aluminum matrix 

composites fortified with consolidated SiC and graphite 

particles. The designers concluded that heap was the most 

important variable determining the grating coefficient of 

the cross-breed composite, followed by sliding rate. The 

coefficient of contact increased with increasing load and 

sliding separation. The developer also discovered that the 

half-and-half composite has a very low average grinding 

coefficient when compared to the unadulterated 

compound. Suresha et al. [143] investigated the dry 

sliding wear conduct of A356-Al-SiCp composites and 

discovered that the wear resistance of the composite 

increases when the weight rate of SiC particle increases 

from 15 to 25. Pramila Bai et al [144] conducted a similar 

review on the harsh wear conduct of an aluminum 

mixture-based composite reinforced with alumina and 

zircon sand, finding an increase in wear resistance for 

both composites with a decrease in particle size of the 

support. The creator also discovered that the wear 

resistance of the zircon sand reinforced composite was 

superior to that of the Al2O3 enhanced composite. 

Sanjeev Das et al [145] investigated the wear 

characteristics of the as-cast Al (6063)/TiB2 in-situ 

composite. Figure 8 shows that the wear rate remains 

constant when sliding separation increases. The authors 

observed that the rough wear rate of the composite 

decreased with increasing weight percent of TiB2 

particles, whereas wear resistance decreased with 

increasing load. The author also discovered that when the 

weight percent of TiB2 particles increases, the volume 

losses decrease, but the volume losses increase as the gap 

between the particles increases.  

Sivaprasad et al. [146] focused on the grating 

and wear conductivity of an Al-Mg-Cu composite 

fortified with SiC particles. The designers reasoned that 

the wear resistance of the composite was improved when 

compared to the pristine Aluminium compound. The 

wear misfortunes grew steadily with the sliding 

separation for the composite and pristine compound. 

However, the composite had a smaller rate of volume 

misfortune than the matrix. Adel Mahamood Hassan et 

al. [147] combined rice husk ash (RHA) and alumina 

particles into an Al-Mg-Si amalgam matrix, 

concentrating on its consumption and wear behavior. The 

designers reasoned that the cross-breed composite's 

corrosion resistance and wear rate increased with an 

increase in the wt% of RHA in the amalgam matrix. 

Ramachandra et al. [148] investigated the tribological 

properties of a doubly reinforced aluminum-based metal 

matrix composite cemented with zircon sand and silicon 

carbide. The developer observed that the double fortified 

composite had a stronger wear resistance than the single 

strengthened composite and the immaculate amalgam at 

low and high loads. Suresh Kumar et al [149] accurately 

concentrated on the dry response wear conduct of Al-Si-

SiCp composite and observed that composites with high 

silicon content exhibited lower wear losses when 

compared to composites with lower silicon content. 

Sliding separation is the principle that determines the 

wear behavior of the composite, followed by load, 

response speed, and weight rate of silicon. The 

interaction between load and sliding separation 

significantly impacts wear behavior. If a contact conduct 

load occurs, the regulating element is followed by the 

weight rate of silicon. Rajeev et al. [150] investigated the 

dry sliding wear behavior of an Al-Si-Fe compound 

matrix composite reinforced with varying weights of 

coconut shell ash debris particles. The designer observed 

that the composite's wear rate decreased when the weight 

rate of coconut shell slag increased and the linked load 

decreased.  

 
 

Fig. 9 (a) Variation of specific wear rate with various 

compositions of fly ash at different rpm 

(Vineykumar et al [155]) 
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Fig. 9 (b) Variation of specific wear rate with various 

compositions of fly ash with 4 wt.% graphite mixed 

at different rpm (Vineykumar et al [155]) 

 

Apasi et al. [151] developed an Al (A356.2) 

compound composite reinforced with rice husk ash 

residues (RHA) and investigated its tribology. The author 

discovered that when the weight rate of the RHA particles 

in the amalgam matrix increases, so does the wear rate 

and grating coefficient of the composite. Harun Mindivan 

et al. [152] investigated the corresponding dry sliding 

wear conducted by Boron carbide (B4C) strengthened 

Aluminium compound matrix composites. The creator 

directed that COF and wear rates expanded as volume 

part and separation expanded, COF and wear rates 

decreased as speed expanded, and COF diminished. Wear 

rates expanded as load expanded, and he reasoned that 

the volume portion is the most vital variable for COF, 

while load is the most vital. Toptan et al. [153] 

investigated the tribological behavior of an 

aluminum/B4C composite under dry sliding action. They 

watched that in tribological aftereffects of LM14 

Aluminium amalgam matrix fortified with 5% of B4C 

particles manufactured through blend throwing course 

wear rate and coefficient of erosion has an immediate 

connection with the heap, though inversely with the 

sliding pace and separation. Furthermore, load was the 

major point (47.4%) in determining the wear rate, 

followed by separation and sliding speed, albeit 

removing influences the coefficient of friction to a great 

extent (44.1%), trailed by load and sliding speed. 

Siddhartha Prabhakar et al. [154] established that the 

abrasive wear conduct of Boron carbide (B4C) element 

encouraged Al2024 Metal Matrix Composites (MMCs) 

and observed that the rough wear properties of the Al 

2024 mixture remained significantly enhanced by the 

expansion of B4C particles. The composites' grating wear 

resistance was significantly higher than that of the 

unreinforced Al2024 composite. The tougher Boron 

carbide components provide significant confidence for 

rough wear resistance. The rough wear resistance of 

composites increases with the growth of the (B4C) 

element substance and size. Vineykumar et al [155] 

discovered that the optimal concentration for optimum 

wear resistance is 4 wt.% graphite (Gr) and 15 wt.% fly 

ash, as shown in Figure 9 (a-b). Faiz Ahmad et al [156] 

created a metal matrix composite reinforcement 

Aluminium combination 242 with 30 vol.% alumina 

particles, and destruct tests were carried out at a constant 

rpm of 250 to inhibit the composite's tribological 

behavior. The results assumed that when the load 

increased, the weight reduction of the composite 

expanded, as seen in Figure 10. 

 

Fig. 10 Variation of weight loss of the 

composite with increasing load ( Faiz Ahmad et al 

[156]) 

6. Conclusion 

The preceding review of stir-cast Aluminum 

metal matrix composites leads to the following 

conclusions: The stir-casting method produces metal 

matrix composites (MMC) with desired characteristics. 

i. i. Combining aluminum or its compounds with hard 

inventive particles, such as B4C, TiB2, and SiC, 

improves metal matrix composites' mechanical and 

tribological performance due to the strong 

interfacial connection between reinforcement and 

Al matrix. 

ii. Adding alumina nanoparticles to aluminum mixes 

improves elasticity, hardness, and strength.  
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iii. Adding TiB2 or SiC to an Al matrix improves tensile 

and hardness properties up to a certain wt.%. 

However, rigidity and hardness decrease after 

accumulating hard clay particles in the matrix, 

leading to porosity.   

iv. Various collection methods, such as mix casting, 

press throwing, and powder metallurgy, are used to 

create Al metal matrix composites. However, the 

blend throwing strategy is widely available and 

more cost-effective than other methods. 

v. Using graphite as a support has also resulted in a 

significant increase in rigidity. However, studies 

have shown that as the coefficient of grating 

decreases, the wear rate increases, improving 

machining qualities. Excessive graphite expansion 

may necessitate the removal of the liquid softener in 

the Al matrix. 

vi. The composition of natural strengthening with 

aluminum or its combination has not been 

thoroughly examined, and only extremely 

controlled research has been conducted in this area. 

However, certain results showed a significant 

increase in mechanical and tribological behavior. 

Along these lines, additional research is needed in 

this field to advance the development of AMMCs. 

vii. Improve wettability and control the composite's 

interfacial structure. Similarly, carbon and pricey 

stone metal composite locations have received less 

attention, despite their potential for improving the 

mechanical and tribological behavior of AMMCs. 

viii. Hybrid ceramic reinforcement has improved 

mechanical characteristics far greater than 

tribological properties. 

ix. The mould can be preheated to 220◦C to 350◦C to 

reduce the composites' porosity, which increases the 

composites' density. Agglomeration of 

reinforcement may take place if the reinforcement 

is added above 20% in the matrix, which reduces the 

mechanical and tribological properties of the 

composites. 
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