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Abstract: This review paper encompasses a classification of composite materials, including 

polymer matrix composites (PMCs), metal matrix composites (MMCs), and ceramic matrix 

composites (CMCs). It discusses the unique properties and fabrication considerations specific to 

each material class. This article attempts to discuss various methods of fabrication of Composite 

materials, types of reinforcement available and properties (Physical, Mechanical, and 

Microstructural) of the composites. The composites with different volume fractions of 

reinforcement are summarized with respect to property changes. The review highlights the 

significance of composite material properties, such as strength, stiffness, thermal, and electrical 

conductivity. It discusses how these properties can be tailored through specific fabrication 

methods and by incorporating various reinforcements, such as fibres, particles, or additives. A 

detailed study of the types of matrices and reinforcement is provided so that the best results can 

be obtained in composite fabrication.  

Keywords: Aluminium Matrix Composite; Composite Fabrication; Mechanical properties; 

Metal Matrix Composites; Physical properties; Reinforcement

1. Introduction 

Composite materials are in demand nowadays because of 

their unmatched set of physical and mechanical properties. 

Composite is another name for fusion or combination, 

representing the mixture of two or more different materials. 

Hybrid is the term used when more than two materials are 

mixed. Although many reviews on aluminium matrix 

composites exist, majority of them have focused on either 

a particular reinforcement, or a single route of manufacture. 

Nevertheless, systematical investigation of the influence of 

combinations of reinforcements, particle size, and 

distribution to the overall AMC performance is still 

lacking. These parameters are critical parameters of 

hardness or wear resistance, or tensile properties but have 

never been synthetically controlled in previous literature. 

This gap is covered by a current review, which assesses the 

synergetic impacts of a series of reinforcements and 

physical properties in the behavior of a composite.The 

primary purpose of the fabrication of composites is to get 

higher stiffness, improved endurance strength, a high 

strength-to-density ratio, and resistance to corrosion and 

wear1). 

Composites according to Matrix or Base material can be 

classified into four categories; these are Metal Matrix 

Composite (MMC), Polymer Matrix Composite (PMC), 

 

Fig. 1: Classification of composites based on Matrix Type 
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Ceramic Matrix Composite (CMC) and Carbon & 

Graphite Matrix Composites as shown in Figure 1. 

A reinforcing material is dispersed into a metal matrix to 

create metal matrix composites. The reinforcing surface 

might be coated to stop a chemical reaction with the matrix. 

Carbon fibres are frequently incorporated into an 

aluminium matrix to create composite materials with a low 

density and excellent strength.  

Composites primarily consist of a matrix material 

reinforced with one or more strengthening phases, which 

work together to improve mechanical and physical 

properties2).  

Matrix: The continuous, monolithic substance embedded 

in the reinforcement is called the matrix. In contrast to two 

materials sandwiched together, there is a channel through 

the matrix to any location in the material. The matrix in 

structural applications often consists of lighter metals, such 

as titanium, magnesium, or aluminium, and it offers 

reinforcement and flexible support. Alloys made of cobalt 

and cobalt-nickel are frequently used in high-temperature 

applications3). 

Reinforcement: A matrix contains the reinforcing material. 

The reinforcement can also be employed to alter physical 

qualities like wear resistance, friction coefficient, or 

thermal conductivity in addition to its primary purpose of 

strengthening the composite. Both continuous and 

discontinuous reinforcement are possible. Discontinuous 

MMCs can be isotropic and processed using extrusion, 

forging, or rolling, which are standard metalworking 

processes. They may also be machined using standard 

methods, but often, polycrystalline diamond tooling would 

be required4). Monofilament wires or fibres, such as silicon 

carbide or carbon fibre, are used for continuous 

reinforcement. An anisotropic structure is produced, in 

which the orientation of the material influences its strength, 

as a result of the fibres being implanted into the matrix in 

a particular direction. Boron filament was employed as 

reinforcement in one of the first MMCs. Short fibres or 

particles called "whiskers" are used in discontinuous 

reinforcement. Alumina and silicon carbide are the most 

prevalent reinforcing materials in this classification.5). 

MMC has wide applications because of its distinctive 

properties. They have applications in automotive parts 

because of their corrosion resistance. Other properties that 

AMC possess includes their sustainability at elevated 

temperature, resistance to fire, higher conductivity for 

electrical and thermal applications, and higher strength in 

terms of stiffness, tensile and compressive strength6). 

Moreover, this review presents a holistic source since it 

uses microstructure analysis methods, bibliometric 

information to illustrate research trends, and monitors the 

application of AMC in different industries, including those 

related to aerospace, automotive sectors, renewable energy, 

and so on. This has made this work very relevant and of 

great resource both to the industrial knowledge and the 

academic world hence making it a reference body to all. 

2. Current Knowledge Base  

Khan et al. fabricated AMC with Al 7075 as a matrix and 

particulates of SiC as reinforcements with the powder 

metallurgy technique. Various microstructure parameters 

and mechanical properties have been studied in the 

experimental study. Due to the presence of particulates of 

reinforcement, hardness, ductility and tensile strength are 

reduced. Fractography studies reveal that the fracture was 

a combination of both brittle and ductile nodes7). 

Baradeswaran et al. prepared a composite of Al 7075 and 

B4C. The stir casting fabrication method was used to 

prepare a composite. Mechanical properties such as 

hardness, flexural, tensile and compressive strength were 

tested. He concluded with the result that with the addition 

of boron carbide to the matrix, hardness and tensile 

strength increase, while the Wear rate and coefficient of 

friction tend to decrease8). Baradeswaran et al., with Elaya 

Perumal, studied the effect of graphite and alumina on Al 

7075 and deduced that wear reduction is achieved. The 

liquid metallurgy route was used for the fabrication of the 

composite. With the addition of the ceramic phase, 

mechanical properties are found to be increased9). 

Hindi et al. performed two-stage stir casting to fabricate Al 

7075/ grey cast iron composite and study the mechanical 

properties. Study reveals that hardness and tensile strength 

increase while ductility decreases10). R. Kumar et al. 

prepared a hybrid composite of Al 7075 with SiC and 

graphite as reinforcements through stir casting. Wear tests 

were performed on the composite and the result is that 

graphite addition improves the wear resistance of the 

composite11). 

Dasgupta et al. studied the mechanical and wear properties 

of AMC fabricated through the liquid metallurgy route, 

taking Al 7075 as the matrix and SiC as the reinforcement. 

An extensive study reveals that T6 tempering of the 

composite improves mechanical properties, and the 

introduction of SiC improves wear resistance12). 

Senthilvelan et al. fabricated Al 7075 composite with 

alumina, SiC and B4C as reinforcements through the stir 

casting technique followed by hot rolling. Various 

microstructural and mechanical studies were conducted, 

including hardness, ductility, UTS and bonding. B4C as 

reinforcement has turned out to be the most potent bonding 

agent and improved mechanical properties13). 

Karthigeyan et al. prepared Al 7075 with short basalt fibre 

using the liquid metallurgy route and studied 

microstructural properties and mechanical properties. 

Study reveals increased tensile and yield strength, slight 

improvement in hardness. Microstructure study shows 

reduced grain size and homogeneous casting14). Altinkok 

et al. fabricated a hybrid Al composite with SiC and 

alumina using the stir casting method. Wear strength is 
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studied and reinforcement results in the decrease in wear 

strength as wt % of reinforcement increases15). Amol Mali 

et al. use fly ash and alumina to reinforce Al 356 and 

prepare a hybrid composite with the stir casting. 

Mechanical properties of the composite are studied, and it 

is found that up to 12 % addition of reinforcement causes 

an increase in hardness and ultimate tensile strength, after 

which it starts decreasing. Compression strength increases, 

but elongation decreases16). 

Krishnan et al. prepared a composite of AA 7075 with TiC 

using in situ stir casting. Through various studies, hardness 

and density were increasing with increasing wt% % of TiC. 

True axial stresses are highest with 8% TiC and minimum 

for 0% TiC17). H. Abdizadeh et al. produced A 356 Al with 

ZrO2 using the stir casting method. Results show 

improved hardness and increased ultimate tensile strength. 

15% reinforced in the matrix causes higher ultimate tensile 

strength casting at 750o C 18). Boopathi et al. fabricated a 

hybrid composite of Al 2024 with SiC and fly ash using 

the stir casting method. Study reveals that density values 

of Al-SiC, Al-fly ash and Al-SiC-Fly ash composites 

decreased linearly. Tensile, hardness and yield strength 

increase by about 57% to the unreinforced Al. Elongation 

decreases with the addition of reinforcement19). 

Patoliya et al. fabricated Al 6061/ ZrO2 composite using 

Stir casting. The study was carried out to explore the 

mechanical properties of the composite and concluded that 

Tensile strength, Hardness and Impact strength increase 

with increases in reinforcement20). Koike et al. studied the 

composite's Microstructure properties prepared through 

hot powder pressing using Al 5052 /Si3N4. The results 

show that the tendency of melting was found to depend on 

the grain boundaries, probably because of the observed 

dependence of segregation on the grain boundary 

structure21). Kumar et al. studied the wear properties of the 

composites containing SiC, which are superior to those of 

the matrix, and UTS, density, and hardness increase with 

the addition of reinforcement. Ductility decreases with an 

increase in reinforcement. Addition of SiC to the matrix Al 

6061 was prepared through the liquid metallurgy route22). 

Baghchesara et al. prepared a hybrid composite of Al-A 

356/ ZrSiO2, TiB2 using Stir casting and studied the 

mechanical properties of the composite. Up to 10% 

addition of reinforcement increases the properties i.e. 

Hardness and tensile strength values, after that it starts 

decreasing23). Kok et al., using the Vortex method, produce 

a composite material of Al 2024/ Al2O3. Various 

mechanical and microstructural characteristics were 

studied, which show that Hardness and tensile strength 

increase with an increase in weight% % and a decrease in 

size. Density measurement shows porosity, and it increases 

with an increase in weight %24). M. Mabuchi et al. 

fabricated Al 5052/ Si3N4p through Powder metallurgy and 

studied that the maximum elongation is 700% when 20 % 

reinforcement is added. The melting point is lower than 

that of a matrix25). Mabuchi et al. again used Powder 

metallurgy to produce composite Al 6061/ Si3N4And 

studied the microstructural characteristics and 

superplasticity. The studies shows that grain refinement 

achieved at 773 K and at a tiny grain size, high-strain-rate 

superplasticity occurs26). 

Madhusudan et al. prepared a composite of AA-7068/ ZrO2 

using the Stir casting technique and found that Hardness, 

Tensile and yield strength increase and Elongation 

decreases with increases in reinforcement27). Sharma et al. 

studied the wear rate of hybrid composite Al 6061/ Si3N4, 

nGr prepared through stir casting and found that with an 

increase in reinforcement percentage, the wear rate 

decreases28). 

Bharath et al. used 3-stage Stir casting to fabricate 

composite Al 6061/ Al2O3 and studied Mechanical and 

wear properties. Results show that Hardness and tensile 

strength increase while ductility decreases. Wear rate is 

less than that of monolithic29). Hariharasakthisudhan et al. 

fabricated hybrid composite Al 6061/ Al2O3, Si3N4 through 

Stir casting and concluded that Dual reinforcement 

performs better tensile strength than single. Compression 

behaviour and hardness are better due to the presence of 

alumina than other reinforcements30). Kumar et al. 

fabricated Al 1100/ B4C, SiC using the Stir casting method 

and studied wear characteristics. The coefficient of friction 

is high for aluminium as compared to the composite. Due 

to the addition of B4C, wear resistance increases31). Zhu et 

al. studied the microstructure, friction coefficient and wear 

characteristics of composite Pure Al/ B, ZrO2, Using 

Powder metallurgy and concluded that the wear rate of the 

composite increases linearly with the increasing load at 

elevated temperatures. With the increases in reinforcement, 

the coefficient of friction decreases. From XRD, it was 

clear that reinforcement phases were Al2O3 and ZrB2
32). 

Kayikci et al. show that the Composite has two distinct 

zones; one having reinforcement has better hardness and 

tensile strength, and the other, depleted, has high ductile 

strength. The sample of composite of Al/ AlB2 was 

fabricated through Centrifugal casting33). Manna et al. 

fabricated a hybrid composite of Al 6070/ Al2O3, Grp using 

stir casting and performed tests to determine mechanical 

properties. Results show that Hardness increase with 

increased volume fraction of reinforcement, and Tensile 

and impact strength decreases with an increase in 

reinforcement volume fraction34). Philip et al. fabricated a 

hybrid AA 6061/ TiB2, Al2O3 composite through the Stir 

casting technique. The authors concluded that the XRD 

pattern confirmed the formation of TiB2 and Al2O3 

particulates without any undesirable compounds. 

Composite experiences brittle fracture at the macroscopic 

level and ductile failure at the microscopic level. Tensile 

strength and micro hardness increased with an increase in 

weight %35). 

Li et al. fabricated a composite of Al as matrix and 
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graphene nanoplatelets as reinforcement using continuous 

casting and cold pressing and concluded that the fibres of 

GNP are distributed uniformly and that the phase interface 

is limited. UTS is 36.8 % higher. Elongation decreases 

from 11 to 4 %. But the resultant composite is 0.7 % less 

conducting than pure Al36). Rajesh et al. prepared a hybrid 

Al 7075/ SiC and alumina composite using the stir casting 

method. The study observed that hardness increases with 

an increase in reinforcement and decreases at 15% 

reinforcement. Wear rate increases with an increase in 

load37). 

Afkham et al. prepare a hybrid composite of Al as matrix 

and TiO2, ZnO, and Pyrex as reinforcement through in situ 

stir casting. Microstructure and mechanical characteristics 

were studied, and the results indicate that Reinforcements 

with low agglomeration were uniformly present in all 

matrices. An increase in reinforcement results in an 

increase in UTS, yield strength, and microhardness, but it 

also decreases ductility38). Chen et al. fabricated a hybrid 

Al/ SiC, TiB2 composite using Powder Metallurgy and 

studied microstructural properties. Microstructure study 

reveals uniform distribution of SiC and TiB2 in the matrix. 

Up to peak value, actual stress increases with true strain39). 

Das et al. perform stir casting to fabricate Al 7075/ SiCp. 

Through microstructural study, uniform dispersion of SiCp 

particles was revealed, and mechanical properties increase 

in density and micro hardness, but porosity decreases40). 

Dasari et al. perform liquid infiltration and powder 

metallurgy on the fabrication of Al with Graphene oxide 

and study various microstructural and mechanical 

properties. An increase of 28.64% in micro hardness was 

observed with 0.2 wt% of GO reinforcement. For more 

improvement in properties, homogeneity is required.41). 

Guoqiang Huang et al. prepared a composite AA 5083/ 

WC with Friction stir processing. In microstructural 

properties, he studied that WC particles were dispersed 

effectively. Results of mechanical tests reveal that YS and 

UTS significantly improved, but ductility reduced42). Md 

Imran et al. prepared a hybrid composite of Al 7075/ 

graphite, bagasse ash with stir casting and observed 

improvement in mechanical properties such as hardness 

and tensile strength compared to the matrix alone43). 

Pandey et al. prepared a composite with a stir casting 

method using Al as matrix and TiC as reinforcement and 

studied various mechanical properties. Through 

experimentation, it was observed that hardness and 

strength increase with an increase in wt% % of TiC. Wear 

rate decreases with increasing weight% of TiC. Corrosion 

resistance increases44). Pitchayyapillai et al. fabricated a 

hybrid composite of Al 6061/ alumina, MoS2 using the Stir 

casting method and observed that tensile strength and 

hardness increase with increasing content of alumina but 

decrease with an increase in MoS2. Wear and friction 

resistance of the hybrid composite is superior to that of the 

alloy45). 

James et al. prepared Al 6061/ SiC, TiB2 hybrid composite 

using Stir casting and observed that the distribution of TiB2 

and SiC is limited to 2.5 and 10 % in the matrix. Hardness 

and tensile strength are affected by the addition of TiB2. 

TiB2 improves wear resistance46). Agnihotri et al. 

fabricated a composite of Al-6061 /SiC using stir casting 

and observed that Hardness and tensile strength improve 

with the addition of SiC, wear rate decreases47). 

Kumar et al. prepared a hybrid composite of Al 2618/ 

Si3N4, AlN, ZrB2 through the stir casting method and 

studied mechanical properties. Results reveal that hardness, 

tensile and compressive strength increase with increased 

reinforcement. Wear rate, coefficient of friction, and 

specific wear rate decrease and wear resistance increases 

with the addition of reinforcement48). 

Dinaharan et al. used friction stir processing to fabricate a 

composite of AA6061/ RHA (rice husk ash) and studied 

the homogeneous dispersion of RHA particles in the 

composite. He concluded that UTS increases with an 

increase in RHA content49). Hariprasad et al. studied the 

wear behaviour of a hybrid composite prepared through the 

stir casting method using Al 5083 as the matrix and B4C, 

Al2O3 as reinforced material. He observed that wear 

resistance is improved by increasing % of reinforcement50). 

Kulkarni et al. prepared a hybrid composite of A356/ fly 

ash, alumina using stir casting and observed that the 

developed composite has low ductility and low density. 

Also, improved compressive strength is noted51). Rebba et 

al. fabricated a composite of Al-2024/ MoS2 through the 

stir casting method and observed that up to 4% addition of 

reinforcement increases hardness and tensile strength, after 

which it starts decreasing52). Vedrtnam et al. prepared a 

hybrid Al/ SiC, Cu composite using the stir casting method. 

Wear behaviour study shows that the highest % of 

reinforcement resulted in minimum wear53). Zabihi et al. 

used the powder metallurgy route to fabricate a composite 

of Al/ alumina and studied the mechanical properties. The 

result shows that shear strength and hardness increased, but 

shear elongation decreased.54). Zhang et al. prepared a 

composite through hot pressing using Al as a matrix and β-

Si3N4 whiskers as reinforcement. Studies reveal that 5% 

whisker content increases UTS and maintains ductility 

after this elongation is reduced55). 

Research articles about Aluminium Matrix Composites 

(AMCs) concentrate mainly on established fabrication 

methods, including powder metallurgy and stir casting. 

Still, minimal information exists about current techniques 

like friction stir processing and squeeze casting, along with 

additive manufacturing. These reviews contribute valuable 

information about AMCs' mechanical behaviours and 

tribological traits. Yet, they fail to deliver a consistent 

analysis of current reinforcement techniques and their 

combination methods, together with their industrial 

adoption cases. An exhaustive study of reinforcement type, 

particle size, and volume fraction and distribution effects 
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on AMCs remains absent in existing reviews focusing 

primarily on different industrial sectors. 

This review fills the existing gaps by delving into current 

developments for AMC production methods in three main 

categories: hybrid reinforcements, nano-reinforced 

composites, and in-situ fabrication processes. This review 

breaks new ground with its focus on reinforcement synergy 

because it examines the combined performance effects of 

different reinforcement materials on strength enhancement, 

thermal properties, and wear reduction abilities. The 

review examines how advanced microstructural evaluation 

methods, which include electron microscopy and X-ray 

diffraction, help understand material changes. This review 

provides a complete resource that utilises bibliometric 

analysis and references vital recent publications to guide 

researchers and industry professionals who need to 

optimise AMC properties for automotive, aerospace, and 

defence applications. The review examines both identified 

knowledge deficiencies and prospective research pathways 

because they support the fundamental necessity for this 

project against present material science developments and 

manufacturing trends. 

3. Manufacturing and forming methods of 

MMC 

MMC fabrication processes depend on matrix and 

reinforcement selection and their geometry. The basic 

category for fabrication is according to the physical state 

of the matrix and reinforcement. 

3.1. MMC manufacturing can be of three types- solid, 

liquid and vapour, as depicted in Figure 2. Sometimes, 

semi-solid powder manufacturing can also be done for 

MMC Manufacturing56). 

3.2. Solid State Method 

3.2.1. Foil diffusion bonding 

Layers of metal foil are sandwiched with long fibres, then 

pressed through to form a matrix. This is a solid-state 

fabrication method with a matrix in the form of foils and 

reinforcement in the form of long fibres. The dispersed 

phase is by the base, and then pressure is applied at an 

elevated temperature57). 

3.2.2. Powder Metallurgy 

Powdered metal and discontinuous reinforcement are 

mixed and bonded through compaction, degassing, and 

thermo-mechanical treatment. Powder metallurgy process 

may be defined as mixing different metal powders, 

including matrix and reinforcement, to form finished 

components after the compression process. The sintering 

process is done thereafter to achieve the desired properties. 

The powder metallurgy process comprises the process of 

powder manufacture, blending of the powder, proper 

compacting, and sintering.58). 

 

Fig. 2: Classification of Metal Matrix Composite (MMC) 
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process's significant disadvantage is the uniform 

distribution of the matrix and reinforcement. To overcome 

this, sometimes other wettability agents or heat treatment 

processes are used62). 

3.3.3. Infiltration 

The Liquid Infiltration process involves pressure 

infiltration, pressureless infiltration and vacuum 

infiltration process according to the composite to be 

manufactured. In pressure filtration, the liquid material is 

pressed at a gas pressure. In vacuum infiltration, the entire 

process is vented in a vacuum. In Pressureless infiltration, 

the reinforcement is made porous and is outgassed to the 

surrounding. Through this method, good finished 

composites can be fabricated63). 

3.3.4. Squeeze casting 

Molten metal is injected into a form with fibres pre-placed 

inside it. This process combines the advantages of die-

casting and conventional forging technology. Squeeze 

casting is another name for liquid metal forging, 

combining casting and forging processes. In this process, 

the melted matrix and the melted reinforcement are poured 

into the already preheated die. During solidification, 

continuous pressure presses the mixture into the die. After 

the solidification, the extrusion process begins, in which 

the mould is preheated and filled with another casting64). 

3.3.5. Spray deposition 

Molten metal is sprayed onto a continuous fibre substrate. 

This method is used to produce metal matrix composites 

with discontinuous reinforcing materials. This deposition 

is of great interest in combining matrix and reinforcement 

when they hold liquid and solid states together. This is 

achieved by virtually atomising the molten matrix metal 

with high velocity inert gas jets and simultaneously 

delivering the reinforcement particulates to the spray zone 

before they reach the deposition substrate65). 

3.3.6. Reactive processing 

A chemical reaction occurs, with one of the reactants 

forming the matrix and the other the reinforcement66). By 

this technique, carbides, borides, or oxides can typically be 

obtained (e.g. TiB2, Al2O3 or Al4C3), depending on the 

precursor system selected (e.g. Al-TiO2, Al-B, Al-C). This 

is normally done by heating the aluminum matrix to 800 to 

1000 oC in which powders or gases emit heat and combine 

exothermically under supervision. This process provides 

high matrix -reinforcement bonding, finer microstructures, 

and does not have the problem of agglomeration as ex-situ 

methods. There are however some challenges, which 

include the control of reaction kinetics, and the prevention 

of brittle structures that are intermetallic such as Al4C3 or 

Al3Zr. Nevertheless, reactive processing has a future due 

to the promise it holds in the manufacture of high-

performance AMCs in aerospace applications, automotive 

applications as well as in thermal applications. 

The fabrication techniques for aluminium matrix 

composites (AMCs) are presented in Figure 3 above and 

are divided into liquid state processing and solid-state 

processing. The most common processes of Liquid State 

Processing include Stir Casting, in which reinforcement 

particles are mechanically stirred into molten aluminium 

before it is poured into a mould and solidified. Although 

this is a cheap and straightforward technique, it is prone to 

porosity, which may impact the final properties of the 

material62,67–74). 

Solid State Processing comprises Friction Stir Processing 

(FSP) and Powder Metallurgy (PM). FSP employs a 

rotating tool that produces severe plastic deformation,

 

Fig. 3: Fabrication Techniques for Aluminium Matrix Composites 
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where reinforcements are incorporated into the metal 

matrix. The primary benefit of FSP is that no melting 

happens, leading to better bonding of the matrix and 

reinforcement. Yet it is confined to surface treatments and 

exceptional use cases. Another Solid-State Processing 

technique here is Powder Metallurgy, which includes 

mixing, compacting, and sintering metal powders to 

achieve the desired structure. Although this technique 

provides a high degree of control over the properties of the 

material and the reinforcement distribution is uniform, the 

manufacturing process is expensive and complex 

compared with other fabrication techniques 72–78). 

3.4. Semi-Solid State Method 

3.4.1. Semi-solid powder processing 

The semi-solid state method enables the fabrication of 

advanced composites through heat treatment of metal-

powder mixtures until they reach temperatures between the 

metal matrix's solid and liquid threshold values. The 

composite enters the next stage when external pressure 

forms its shape while ensuring that the reinforcement 

particles remain evenly distributed throughout the 

matrix79). Fabricating such composites requires aluminium, 

magnesium or titanium as its primary structural material, 

followed by reinforcing through SiC, B4C or Si3N4 for 

improved mechanical properties. A proper mixture of 

metal matrix and reinforcement powders requires a 

complete, homogeneous blend as the first step. Heating the 

mixture ensures a 50-70% solid fraction exists while 

allowing enough flow for shaping but preventing the 

matter from totally melting. Pressures from outside sources 

act through moulds that consolidate the material and create 

stronger inter-particle bonds while removing excess pores. 

The controlled cooling process following shaping leads to 

the composite's solidification while determining the degree 

of grain refinement and final mechanical characteristics. 

Powder mixture is heated to a semi-solid state, and 

pressure is applied to form the composites80). 

3.5. Vapour Deposition 

Vapour deposition is an advanced manufacturing 

technique that adds a thin metal or ceramic layer onto 

substrates, including reinforcing fibers and particles. The 

process improves mechanical strength and wear resistance 

properties, thermal properties and reinforcement-to-matrix 

bonding. Vapour deposition utilises physical and chemical 

vapour deposition as its fundamental deposition 

approaches. The comparison of the Physical and Chemical 

vapour deposition is shown in Table 1. 

3.5.1. Physical Vapour Deposition 

The fibre is passed through a thick cloud of vaporised 

metal, coating it81). Physical Vapour Deposition (PVD) is 

a widely used surface coating technique where the 

reinforcement fibres or particles are exposed to a vaporised 

form of coating material in a high-vacuum environment. 

Common PVD methods include evaporation, where the 

material is thermally heated until it evaporates and 

condenses on the fiber; sputtering, where ions from a 

plasma dislodge atoms from a solid target; and ion plating, 

which combines evaporation and ion bombardment for 

dense coatings. 

PVD processes typically require a high vacuum 

environment (10-5 to 10-7 torr) to minimize contamination 

and operate within a temperature range of 200oC to 500oC, 

making them suitable for temperature-sensitive substrates. 

The mechanism involves line-of-sight deposition, where 

vaporized atoms or molecules travel directly to the fibre or 

particle surface and condense, forming a thin, dense, and 

uniform layer82). 

In the context of AMC manufacturing, PVD is employed 

to coat reinforcement materials such as SiC, B4C, or 

carbon fibres with metals like Al, Ti, or Cr, thereby 

enhancing wettability and interfacial bonding with the 

aluminium matrix during subsequent mixing and casting 

processes. These coatings also improve thermal stability 

and prevent undesirable chemical reactions at the matrix–

reinforcement interface83). 

Thus, PVD not only enables improved mechanical 

performance of the composite but also facilitates 

compatibility between dissimilar materials, making it a 

vital step in producing next-generation AMC materials 

with tailored interfaces. 

3.5.2. Chemical Vapour Deposition 

The fibre is exposed to reactive gas precursors that undergo 

thermal decomposition or chemical reactions, forming a 

solid coating on its surface84). 

Table 1: Comparison of Physical Vapor Deposition (PVD) and 

Chemical Vapor Deposition (CVD) in Composite Fabrication 

Feature Physical Vapour 

Deposition 

(PVD) 

Chemical 

Vapour 

Deposition 

(CVD) 

Principle Involves the 

physical transfer 

of vaporised 

metal atoms onto 

a substrate85). 

Uses chemical 

reactions of 

vapour-phase 

precursors to 

form a coating86). 

Deposition 

Mechanism 

Evaporation, 

sputtering, or ion 

plating create a 

metal vapour 

cloud that 

condenses on the 

fibre surface87). 

Reactive gases 

undergo thermal 

decomposition or 

chemical 

reactions to 

deposit a solid 

film88). 

Temperature 

Range 

Typically 200–

500°C, suitable 

for temperature-

sensitive 

materials89). 

Higher 

temperatures 

(600–1200°C) 

required for 

chemical 
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reactions90). 

Coating Materials Metals (Al, Ti, 

Cr, Cu), nitrides 

(TiN, CrN), and 

carbides (TiC)91). 

Carbides (SiC, 

TiC), nitrides 

(Si3N4, TiN), and 

oxides (Al2O3, 

ZrO2)92). 

Coating 

Thickness 

Thin films (0.1–5 

µm) with high 

purity and 

adhesion93). 

Thicker coatings 

(1–100 µm) with 

excellent 

chemical 

stability94). 

Adhesion 

Strength 

Moderate; may 

require surface 

preparation95). 

Stronger adhesion 

due to chemical 

bonding96). 

Substrate 

Coverage 

Mostly line-of-

sight deposition; 

limited for 

complex 

geometries97). 

Can coat internal 

surfaces and 

complex 

geometries 

effectively98). 

Process 

Environment 

Requires high 

vacuum; minimal 

chemical 

byproducts99). 

Requires 

controlled gas 

flow and 

byproduct 

removal100). 

3.5.3. In-Situ fabrication technique 

Controlled unidirectional solidification of a eutectic alloy 

can result in a two-phase microstructure with one of the 

phases, present in lamellar or fiber form, distributed in the 

matrix101). Figure 4. shows that the methods mentioned 

above for the fabrication of MMC were used in the past. 

New technologies like additive manufacturing and 

advanced in-situ processes have demonstrated the potential 

to process AMCs with strongly controlled reinforcement 

structure and few defects in the past years. These methods 

have many advantages, and they are hardly analyzed in the 

existing reviews. This paper compiles new evidence on 

these unrepresented techniques in order to shed more light 

on the changing fabrication technologies of AMC. 

4. Effect of processing parameters on the 

mechanical behaviour of aluminium matrix 

composites 

The mechanical behaviour of AMCs is affected by various 

processing parameters such as reinforcement type and 

volume fraction, particle size, processing temperature, and 

processing method. 

Type and volume fraction of reinforcement: The type of 

reinforcement used in the AMC affects its mechanical 

properties. For example, ceramic fibres provide high 

stiffness and strength, while metal fibres provide high 

ductility. The volume fraction of reinforcement also affects 

the mechanical properties of the composite. As the volume 

fraction of reinforcement increases, the strength and 

stiffness of the composite increase, but the ductility 

decreases102,103). 

Particle size: The reinforcement particles' size affects the 

composite's mechanical properties. Smaller particle sizes 

can increase the strength of the composite by increasing 

the interfacial area between the matrix and reinforcement. 

Still, it can also decrease ductility by introducing more 

defects into the matrix104,105). 

Processing temperature: The processing temperature of 

AMCs affects the mechanical properties of the composite. 

High temperatures can lead to coarsening of the 

reinforcement particles, which can decrease the strength of 

the composite. However, high temperatures can also 

improve the bonding between the matrix and 

reinforcement, resulting in higher strength and ductility. 

Processing method: The processing method used to 

produce the AMC can also affect its mechanical properties. 

For example, hot pressing can improve the bonding 

between the matrix and reinforcement, resulting in higher 

strength and ductility106–108). However, high-temperature 

processing methods can also introduce defects into the 

matrix, reducing the ductility of the composite109). 

Mechanical behaviour of AMCs is influenced by various 

processing parameters as described in Table 2. Therefore, 

it is essential to optimize the processing conditions to 

achieve the desired mechanical properties of the composite. 

Table 2: Effect of Processing Parameters on Mechanical 

Behavior of Aluminium Matrix Composites 

Processing 

Parameters 

Effect on 

Mechanical 

Properties 

Remarks 

Type of 

Reinforcement 

Ceramic 

reinforcements (e.g., 

SiC, B4C) increase 

hardness and wear 

resistance; metallic 

fibers improve 

ductility. 

Ceramic: 

Increase 

strength, 

decrease 

ductility; 

Metallic: 

Increase 

ductility, 

moderate 

strength110). 

Volume Fraction Higher volume 

fraction of 

reinforcement 

increases strength and 

hardness but reduces 

ductility. 

Typically 

optimized 

between 10 - 

20% for 

balanced 

mechanical 

performance111). 

Particle Size Finer particles 

increase interfacial 

area, enhancing 

strength, but may 

reduce ductility and 

increase porosity. 

Nano-scale: 

increases 

strength, risk of 

agglomeration; 

Micro-scale: 

balanced 

properties112). 

Processing 

Temperature 

Higher temperatures 

improve bonding but 

can lead to grain 

growth or unwanted 

Moderate temp 

(~700°C) helps 

diffusion 

bonding; very 
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phases, reducing 

overall strength. 

high temp 

cause 

brittleness113). 

Processing 

Method 

Methods like hot 

pressing or squeeze 

casting lead to better 

bonding and reduced 

porosity, improving 

mechanical behavior. 

Stir casting is 

economical; 

powder 

metallurgy 

offers fine 

control but 

reduces 

ductility114). 

5. Effect of Reinforcement on Composite 

Table 3 summarizes various studies on the effects of 

reinforcement on the properties of aluminium matrix 

composites. It includes information on the matrix material, 

reinforcement, fabrication process, and parameters tested, 

such as hardness, tensile strength, wear behavior, and 

microstructure. The outcomes highlight the impact of 

different reinforcements (e.g., SiC, Al2O3, B4C, graphite) 

on mechanical properties, with most studies reporting 

increased hardness, tensile strength, and wear resistance 

with reinforcement addition. However, some studies also 

noted trade-offs, such as decreased ductility or elongation. 

The processing methods used include stir casting, powder 

metallurgy, liquid metallurgy, and hot pressing. 

Specific findings include increased tensile strength with 

SiC and Al2O3, improved wear behavior with B4C and TiC, 

and higher hardness with fly ash and alumina. However, 

some trade-offs were observed, such as reduced ductility 

and elongation with increased reinforcement content. The 

grain structure and fracture behavior varied depending on 

the type of reinforcement and processing method, with 

some composites exhibiting improved bonding and 

microstructural homogeneity. Stir casting was the most 

common method, along with powder metallurgy and liquid 

metallurgy for different composites. 

Aluminium Matrix Composites have an advantage over 

single-base metal. According to the application, desired 

properties can be achieved by adding suitable 

reinforcement material. Many reinforcements available are 

Titanium Carbide, Silicon Carbide, Boron Carbide, 

Aluminium Oxide, Graphite, Silicon Nitride, Zirconium 

Oxide, Magnesium Oxide, Titanium Oxide, Natural waste 

material (rice husk, bagasse, coconut shell, bamboo) and 

Industrial waste material (Red mud, Fly ash), Alumina, 

Molybdenum Disulphide, Titanium Diboride, Tungsten 

carbide etc. 

6. Properties of MMC 

MMC has advantages over monolithic materials in terms 

of improvements in thermal, physical, mechanical, and 

tribological properties. Mechanical properties are 

characterized by stress and strain (tension, compression, 

shear, torsion), elastic deformation and plastic deformation 

(yield strength, tensile strength, ductility, toughness, 

hardness. Physical properties include: appearance, texture, 

color, odor, melting point, boiling point, density, solubility, 

polarity, and many others. 

6.1. Physical Properties 

6.1.1. Density Measurement 

Density measurements were made to ascertain the samples' 

levels of porosity. In cast metal matrix composites, 

the %age porosity, size, and distribution are key factors in 

regulating the mechanical properties. To obtain the needed 

high-performance in-service applications, porosity levels 

must be kept to a minimum. In composite materials, 

porosity is primarily caused by air bubbles that enter the 

slurry during the stirring process or that surround the 

reinforcing particles116,117). 

Many others have utilised alternate stirring techniques and 

 

Fig. 4: Overview of Fabrication Processes Utilized in the 

Development of Metal Matrix Composites (MMCs) 
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Table 3: Summary of Literature Reporting the Effects of Different Reinforcements and Processing Techniques on the Mechanical Properties of Aluminium Matrix Composites 

Investigator Matrix/ Reinforcement Process Parameter Outcome 

Ahmed et al.7) Al 7075/ nSiCp Powder metallurgy 

• Grain structure, 

• Ageing kinetics, 

• Tensile properties 

• Fractography 

• Ductility and tensile strength reduced. 

• 30-35% reduced hardness 

• Coarse grain structure 

• Fracture was a combination of both brittle and ductile 

modes. 

Baradeswaran et al.8)  Al 7075/B4C Stir Casting 

• Hardness test 

• Flexural test 

• Tensile test 

• Compression test 

• Wear behaviour 

• Higher hardness as % of B4C increasing in monolithic alloy. 

• Increased flexural strength 

• Increased tensile strength 

• Increased ultimate compressive strength 

• Decreased wear rate with increasing % of B4C 

• Decreased coefficient of friction with% in B4C 

Baradeswaran et al.9) Al 7075/ Al2O3, Graphite Liquid Metallurgy 

• Hardness test 

• Flexural test 

• Tensile test 

• Compression test 

• Wear behaviour 

•  

• Higher hardness as % of Al2O3 increasing in monolithic 

alloy but decreased with increased content of graphite. 

• Increased flexural strength 

• Increased tensile strength 

• Increased ultimate compressive strength 

• Decreased wear rate with increasing % of Al2O3 

• Decreased coefficient of friction due to presence of graphite. 

Zhang et al.55) Al/ β-Si3N4 whisker Hot pressing 
• UTS 

• Shear elongation 

• 5% whisker content increases UTS and maintains ductility 

after this elongation reduces. 

Hindi et al.10) Al 7075/grey cast iron 2 stage stir casting 

• Hardness test 

• Tensile test 

• Ductile test 

• Higher hardness 

• Improved tensile strength 

• Ductility decreases as % of reinforcement increases 

Kumar et al.11) Al 7075/ SiC , Graphite Stir casting • Wear rate 
• Due to incorporation of graphite, wear resistance is 

increased. 

Dasgupta et al.12) Al 7075/ SiC Liquid metallurgy 
• Hardness 

• Wear resistance 

• T6 tempering improves hardness and mechanical properties 

of alloy and composite. 
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Senthilvelan et al.13) 
Al 7075/ 9Al2O3, SiC and 

B4C 

Stir casting followed 

by hot rolling 

 

• Hardness 

• Ductility 

• Ultimate Tensile strength 

• Bonding  

• Al 7075 with B4C is turned up with strongest bonding and 

improved properties than the remaining reinforcements. 

Karthigeyan14) Al 7075/ short basalt fiber Liquid metallurgy 

• Microstructure 

• Hardness 

• Tensile strength 

• Reduced grain size and homogeneous cast 

• Slightly improved hardness 

• Improved tensile and yield strength  

Altinkok et al.15) 
Al2O3/ SiC hybrid Al 

composite 
Stir casting • Wear strength 

• Wear strength decreases with increasing content of 

reinforcement. 

Mali et al.115) Al 356/ fly ash , alumina Stir casting 

• Tensile strength 

• Ultimate tensile strength 

• Compressive strength 

• Ductility 

• Hardness 

• Elongation decreases 

• UTS increase up to 12 % addition of reinforcement, after 

that it starts decreasing. 

• Compression strength increases 

• Hardness increases with increase in weight % of fly ash and 

alumina up to 12 % after that it starts decreasing. 

Anandkrishnan et al.17) AA 7075/ TiC In situ stir casting 

• Hardness 

• Density 

• True axial stresses 

• Hardness and density is found out to be increasing with 

increasing weight % of TiC. 

• True axial stresses are highest with 8% TiC and minimum 

for 0% TiC. 

Abdizadeh et al.18) 
A356 Al/ 

ZrO2 
Stir casting 

• Hardness 

• UTS 

• Fractography 

• Increased hardness than unreinforced alloy 

• Higher ultimate tensile strength is obtained with 15% ZrO2 

and casting at 750oC 

• Failure of composite is same as that of unreinforced alloy. 

Boopathi et al.19) Al 2024/ SiC, flyash Stir casting 

• Density 

• Tensile and yield strength 

• Hardness 

• Elongation 

• Density values of Al-SiC, Al-Flyash and Al-SiC-flyash 

composites decreased linearly. 

• Tensile and yield strength increases about 57% than the 

unreinforced Al. 

• Hardness increases with increases in reinforcement 

• Elongation decreases with addition of reinforcement. 

Patoliya et al.20) Al 6061/ ZrO2 Stir casting 

• Tensile strength 

• Hardness 

• Impact strength 

• Tensile strength increases with increases in reinforcement 

• Hardness increases with increases in reinforcement 

• Impact strength increases with increases in reinforcement 
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Koike et al.21) Al 5052 /Si3N4 
Hot pressing of 

powder 
• Microstructure properties 

• The tendency of melting was found to depend on the grain 

boundaries, probably because of the observed dependence of 

segregation on the grain boundary structure. 

Kumar et al.22) Al 6061/ SiC Liquid Metallurgy 

• Wear strength 

• Tensile strength 

• Ductility 

• Hardness 

• Density 

• Wear properties of the composites containing SiC are 

superior to that of matrix. 

•  UTS increase with addition of reinforcement. 

• Ductility decreases 

• Hardness increases  

• Density increases with increase in reinforcement 

Baghchesara et al.23) Al-A 356/ ZrSiO2, TiB2 Stir casting 
• Hardness 

• Tensile strength 

• Hardness and tensile strength values are more than the 

monolithic material. 

• Up to 10% addition of reinforcement increases the properties 

after that it starts decreasing. 

Kok et al.24) Al 2024/ Al2O3 Vortex method 

• Hardness 

• Tensile strength 

• Density 

• Micro structural 

characteristics 

• Hardness and tensile strength increases with increase in 

weight % and decreasing size. 

• Density measurement shows porosity and it increases with 

increase in weight % 

• Coarse size of particle I more uniform than finer particles. 

Mabuchi et al.25) Al 5052/ Si3N4p Powder metallurgy 
• Elongation  

• Melting point 

• Maximum elongation is 700% when 20 % reinforcement is 

added. 

• Melting point is lower than that of matrix. 

Mabuchi et al.26) Al 6061/ Si3N4 Powder metallurgy 
• Micro structural characteristic 

• super plasticity 

• Grain refinement achieved at 773 K 

• At very small grain size high strain rate super plasticity 

occurs. 

Madhusudan et al.27) AA-7068/ ZrO2 Stir casting 

• Hardness 

• Tensile strength 

• Elongation 

• Tensile and yield strength increases. 

• Hardness increases with increases in reinforcement 

• Elongation decreases with addition of reinforcement. 

Sharma et al.28) Al 6061/ Si3N4, nGr Stir casting  • Wear rate • With increase in reinforcement % wear rate decreases 

V. Bharath et al.29) Al 6061/ Al2O3 3 stage Stir casting 
• Mechanical and wear 

properties 

• Hardness and tensile strength increases while ductility 

decreases. 

• Wear rate is less as compared to monolithic. 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1691 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



P. Hariharasakthisudhan et al.30) Al 6061/ Al2O3, Si3N4 Stir casting 

• Tensile 

• Hardness 

• Compression 

• Dual reinforcement performs better tensile strength than 

single. 

• Compression behavior and hardness is better due to presence 

of alumina than other reinforcements. 

Uthayakumar et al.31) Al 1100/ B4C, SiC Stir casting 
• Wear resistance and 

coefficient of friction 

• Due to addition of B4C, wear resistance increases. 

• Coefficient of friction is high for aluminum s compared to 

composite. 

Zhu et al.32) Pure Al/ B, ZrO2 Powder metallurgy 

• Microstructure 

• Friction coefficient 

• Wear characteristics 

• Wear rate of the composite increases linearly with the 

increasing load at elevated temperatures. 

• With the increases in reinforcement, coefficient of friction 

decreases. 

• From XRD it is clear that reinforcement phases were Al2O3 

and ZrB2 

Kayikci et al.33) Al/ AlB2 Centrifugal casting 
• Hardness 

• Tensile strength 

• Composite is having two distinct zones; one having 

reinforcement is having better hardness and tensile strength 

and other depleted is having high ductile strength. 

Manna et al.34) Al 6070/ Al2O3, Grp Stir casting 

• Hardness 

• Tensile strength 

• Impact strength 

• Hardness increase with increase volume fraction of 

reinforcement. 

• Tensile and impact strength decreases with increase in 

reinforcement volume fraction. 

Philip et al.35) 
AA 6061 / 

TiB2, Al2O3 
Stir casting 

• Mechanical properties 

• XRD analysis 

• Fracture 

• Tensile strength and micro hardness increased with increase 

in weight %. 

• XRD pattern confirmed the formation of TiB2 and Al2O3 

particulates without any undesirable compounds. 

• Composite experienced brittle fracture at macroscopic level 

and ductile failure at microscopic level. 

Li et al.36) 
Al/ Graphene 

nanoplatelets 

Continuous casting 

and cold pressing 

• Microstructure 

• Strength 

• conductivity 

• Fibers of GNP distributed uniformly and phase interface is 

limited. 

• UTS is 36.8 % higher. Elongation decreases from 11 to 4 %. 

• 0.7 % less conducting than pure Al. 

Rajesh et al.37) Al 7075/ SiC and alumina Stir casting 
• Hardness 

• Wear test 

• Hardness increases with increase in reinforcement and 

decreases at 15% reinforcement. 

• Wear rate increases with increase in load. 
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Afkham et al.38) Al/ TiO2, ZnO & pyrex In situ stir casting 

• Microstructure 

• UTS 

• YS 

• Ductility 

• Reinforcements with low agglomeration were uniformly 

present in al matrix. 

• Increase in reinforcement results in increase in UTS, YS and 

micro hardness but decreased ductility. 

Chen et al.39) Al/ SiC,TiB2 Powder Metallurgy 
• Microstructure 

• True stress 

• Microstructure study reveals uniform distribution of SiC and 

TiB2 in matrix. 

• Up to peak value true stress increases with true strain. 

Das et al.40) Al 7075/ SiCp Stir casting 
• Density, porosity and micro 

hardness 

• Uniform dispersion of SiCp particles. 

• Density and micro hardness increased but porosity 

decreases. 

Dasari et al.41) Al/ GO 
Liquid infiltration 

and PM 

• Microstructure 

• Mechanical properties 

• Homogeneous distribution of GO and more homogeneity is 

required. 

• Hardness increases with addition of GO %. High strength 

and ductility. 

Huang et al.42) AA 5083/ WC 
Friction stir 

processing 

• Microstructure 

• Micro hardness and tensile test 

• WC particles were dispersed effectively. 

• YS and UTS significantly improved but ductility reduced. 

Imran et al.43) 
Al 7075/ graphite, 

bagasse ash 
Stir casting 

• Hardness 

• Tensile strength 

• Hardness and tensile strength significantly improved than 

the matrix alone. 

 Pandey et al.44) Al/ TiC Stir casting 

• Wear rate 

• Corrosion resistance 

• Hardness, tensile and 

compressive strength 

• Hardness and strength increases with increase in wt % of 

TiC. 

• Wear rate decreases with increasing weight % of TiC. 

• Corrosion resistance increases. 

Pitchayyapillai et al.45) Al 6061/ alumina, MoS2 Stir casting 
• Wear rate 

• Tensile strength and hardness 

• Tensile strength and hardness increases with increasing 

content of alumina but decreases with increase in MoS2. 

• Wear and friction resistance of hybrid composite is superior 

to the alloy. 

James et al.46) Al 6061/ SiC ,TiB2 Stir casting 

• Microstructure 

• Hardness 

• Tensile strength 

• Wear test 

• Distribution of TiB2 and SiC is limited to 2.5 and 10 % in 

the matrix. 

• Hardness and tensile strength is affected with addition of 

TiB2 

• TiB2 improves wear resistance. 
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Hariprasad et al.50) Al 5083/ B4C, Al2O3 Stir casting • Wear behavior 
• Wear resistance is improved by increasing % of 

reinforcement. 

Kulkarni et al.51) A 356/ fly ash, alumina Stir casting • Mechanical properties 
• Low Ductility and low density.  

• Improved compressive strength. 

Agnihotri et al.47) Al-6061 /SiC Stir Casting 
• Hardness 

• Wear test 

• Hardness and tensile strength improve with addition of SiC 

• Wear rate decreases. 

Rebba et al.52) Al-2024/ MoS2 Stir casting 
• Hardness 

• Tensile strength 

• Up to 4% addition of reinforcement increases hardness and 

tensile strength after that it starts decreasing. 

Vedrtnam et al.53) Al/ SiC, Cu Stir casting • Wear behaviour 
• A wear behaviour study shows that the highest 

reinforcement resulted in minimum wear. 

Kumar et al.48) 
Al 2618/ Si3N4, AlN, 

ZrB2 
Stir casting 

• Wear rate 

• Wear resistance 

• Mechanical properties 

• Hardness, tensile and compressive strength increases with 

increase in reinforcement. 

• Wear rate, coefficient of friction and specific wear rate 

decreasing and wear resistance increases with addition of 

reinforcement. 

Zabihi et al.54) Al/ alumina Powder metallurgy 
• Shear strength 

• Hardness 

• Shear strength and hardness increased. 

• Shear elongation decreased. 

Dinaharan et al.49) AA6061/ RHA FSP 
• Microstructure 

• Tensile behavior 

• Homogeneous dispersion of RHA particles in composite. 

• UTS increases with increase in RHA content. 
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reported porosity values that were between 2 and 4 percent, 

which were considered acceptable levels in cast 

composites. Due to a reduction in the inner-particle 

spacing, it was discovered that porosity increased with 

volume percentage, especially for composites with small 

particle sizes. In other words, combining the longer 

particle addition time with a decrease in particle size is 

necessary to increase the volume percentage of MMCs 

throughout the production stage. Due to the increased 

contact surface area, the porosity level increased. The early 

work also reports it118,119). 

Few also have remarked that Al2024-SiC particle 

reinforced composites have a higher density for the same 

volume fraction than Al2024-SiC whisker reinforced 

composites. The higher density of the ceramic particles can 

be inferred from the foregoing as the cause of the increase 

in density. Additionally, they have said that the theoretical 

and measured densities of these composites are equivalent, 

which increases the volume percentage of these particles 

and increases the density of the composites120). 

The higher density of the ceramic particles might also 

justify the debates above. Additionally, it can be seen from 

the optical micrographs that the specimens' porosity rises 

as the volume percentage of the particle reinforcement 

increases. 

6.2. Mechanical Properties 

6.2.1. Hardness 

Hardness is defined as the resistance to indentation or 

scratching. Brinell, Rockwell, and Vicker hardness testers 

are among the several tools used to measure hardness.  

Theoretically, the rule of mixture for composites of the 

form  

Hc =VrHr +VmHm   (1) 

In equation (1) suffixes "c," "r," and "m," respectively, 

stand for composite, reinforcement, and matrix, while "v," 

and "H," respectively, stand for volume fraction and 

hardness, aids in approximating the hardness values. 

The hardness of fibre reinforced MMC, whisker reinforced 

MMC, and particle dispersed MMC are all different types 

of reinforcements, however low aspect ratio particle 

reinforcements have a substantial impact on the hardness 

of the material in which they are dispersed121). 

The findings of many studies on the hardness of Al6063, 

Al6061, Al7075 and other aluminium alloys reinforced 

with SiC, B4C, graphite, and zirconium particles can be 

summed up as follows: 

It can be seen that the hardness of the Al7075-Al2O3 

composite is higher than that of the composite of Al6061-

SiC, and this is due to the fact that the matrix Al7075 and 

Al2O3 possess higher hardness. Higher filler content 

exhibits higher hardness122). 

Sekhar et al. 2003, explored the hypothesis that the rising 

ceramic phase of the matrix alloy caused the hardness of 

the Al2024-SiC composites to increase more or less 

linearly with the volume percentage of particulates in the 

alloy matrix123). 

Deuis et al. 1996, concluded that the structure of the 

composite and adequate interface bonding, in addition to 

the size of the reinforcement, are also important factors in 

the increase in hardness of composites containing hard 

ceramic particles124). Particulate reinforcements that give 

increased hardness include SiC, B4C, Al2O3, and 

aluminide125,126). Due to the superior hardness and heat 

resistance properties of the particles that are scattered in 

the matrix, these composites also have outstanding heat 

and wear resistances127–129). 

According to research composites incorporating B4C 

powder in the 7075 aluminium alloy matrix have steadily 

greater hardness values, lower flexure strengths, and 

higher fracture toughness than Al7075 alloy that isn't 

reinforced130). 

Al6061-10 wt% SiC and 3 wt% boron carbide are the ideal 

proportions for hybrid composites to achieve high 

hardness and good toughness. It was also noted that 

Al6061-SiC-B4C and Al7075-SiC-B4C had higher 

hardness, and that the hardness of the identified composites 

rose with increased filler content. Compared to 

unreinforced alloy, hybrid composites are determined to be 

75 to 88BHN and 80 to 94BHN, respectively. Superior 

mechanical and tribological characteristics can be seen in 

Al7075-SiC-B4C131). 

6.2.2. Wear characteristics 

Wear is the gradual loss of material due to relative motion 

between an object's surface and the object or objects it is 

in touch with. Microcracks or localised plastic deformation 

are two examples of wear damage. There are four types of 

wear: corrosive wear, surface fatigue wear, and sticky wear. 

Wear is the gradual loss of material from the operational 

surfaces of the mechanically interacting component of a 

tribo system. It can be quantified as a weight loss or 

volume loss. Pin-on-Disc, Pin-on-Flat, Pin-on-Cylinder, 

thrust washers, Pin-into-Bushing, Rectangular Flats on a 

Rotating Cylinder, and similar test apparatus are frequently 

used for measuring sliding friction and wear characteristics 

where sample geometry, applied load, sliding velocity, 

temperature, and humidity can be controlled132). 

The main tribological factors that affect how well-

reinforced Al-MMCs operate in terms of friction and wear 

are the surface finish and the counterpart, applied normal 

load, sliding speed/velocity/distance, and the effect of 

temperature. According to findings, as the applied stress 

was increased, the specific wear rate of aluminium alloy 

dropped. In comparison to composites, which have greater 

strength at higher temperatures, aluminium alloy is more 

susceptible to thermal softening and recrystallisation. 

Higher temperatures (above 700°C) have been shown to 
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promote grain coarsening and interfacial degradation in 

SiC-reinforced AMCs, leading to a 10 -15% reduction in 

tensile strength133). As a result, with larger loads, the wear 

rate of the aluminium alloy dramatically increases. Al-

alloy is kept out of the wear process when loads are 

minimal because particles act as load-bearing 

components134). 

The wear mechanism is greatly influenced by the sliding 

speed, and the wear rate of composites is reduced at low 

sliding speeds. The bonding effect between the reinforced 

particles and the matrix material may be reduced as a result 

of the micro thermal softening of the matrix material that 

can occur at high speeds. All materials have an increase in 

wear rate and total wear loss with an increase in sliding 

speed, velocity, or distance. Above a particular 

temperature that separates the moderate and severe wear 

transition, the wear volume significantly increases. Since 

the transition temperature of the composite is higher than 

that of the unreinforced alloy, the wear volume of the 

composite is smaller. The transition temperature decreases 

as the normal pressure rises. The reinforcement's enhanced 

thermal conductivity helps to increase wear resistance135). 

The composite pin and counter-face often wear out more 

quickly with increased load. The wear rate is affected by 

surface roughness. The rate of wear will increase as the 

roughness increases. The counter material with a lower 

hardness affects the wear resistance due to mutual abrasion 

between the counter material and the wear surface of the 

specimen since the counter-face hardness is inversely 

proportional to the wear rate. The composite's wear 

mechanism influences the counterface's wear. One of the 

appealing characteristics of MMCs is their superior wear 

resistance. In various stress ranges, it has been discovered 

that MMCs reinforced with particulates exhibit wear 

resistance that is roughly ten times greater than that of 

unreinforced materials136). 

The findings of many experiments into the wear rate of Al 

MMC can be summed up as follows: 

The initial sliding distance needed to induce moderate 

wear reduced with increasing volume %, and the rate of 

severe wear likewise fell linearly with volume fraction137). 

The effect of dry sliding friction and wear characteristics 

of B4C particle reinforced Al5083 matrix composites with 

5-10 wt% was examined. Under the same test conditions, 

it was found that the wear rate of composite containing 

10% B4C was around 40% lower than that of composite 

containing only 5% B4C. This experiment unequivocally 

shows that the B4C particles have a considerable impact on 

improving the wear resistance of these composite 

materials138). 

According to (Basavarajappa et al. 2007), the dry sliding 

wear and friction of MMCs are influenced by the 

microstructural properties, applied load, sliding speed, and 

sliding distance. They come to the conclusion that 

significant wear, silicon carbide particle breaking, and 

composite seizure occur during dry sliding at higher 

normal loads (60N). The tribological behaviour of hybrid 

composites with an aluminium base (Al2219) reinforced 

by SiC and graphite has also been examined. They looked 

at the tribological characteristics of hybrid composites 

made with liquid metallurgy and containing 5, 10, and 15% 

SiC and 3% Gr. According to the results of the tribological 

tests, the hybrid composite's wear lowers as SiC content 

rises. Wear rates for composites are rising as sliding speed 

and normal load increase139). 

Kaushik et al. (2016), revealed that heat treatment and the 

creation of composites by adding 15 weight percent SiC 

improved the hardness, mechanical, and sliding wear 

resistance qualities140). According to research by 

Stojanovic et al., hybrid composites made of 

A356/10SiC/1Gr have a wear rate that is 3 to 8 times lower 

than that of the A356 base material. When the typical load 

is reduced and the sliding speed is increased, the wear rate 

drops141). Uvaraja, et al., found that the wear rate and 

coefficient of friction of the hybrid composite sample with 

Al6061-SiC-B4C (5 to 10%Wt) decrease with increasing 

volume percentage142).  

According to Umanath et al., with Al6061 hybrid 

composites, the wear rate decreases up to 25% as the 

volume fraction of SiC and Al2O3 reinforcements increases. 

When compared to the matrix alloy143). The individual 

composites, the hybrid composites' coefficient of friction 

and wear rates are lower144). 

The wear resistance of the Al6061-SiC and Al7075-Al2O3 

composites are higher, according to Veereshkumar G.B et 

al., but the SiC reinforcement greatly improved the wear 

resistance of the Al6061-SiC composites, which display 

excellent mechanical and tribological features145). Gopi et 

al. (2013), noted that the Al6061 hybrid composite's wear 

resistance significantly increased with the inclusion of 

zircon and graphite. At 400 rpm, the resistance to wear 

improved by an average of 35%. At 800 rpm, the resistance 

to wear improved by an average of 28% to 30%146). 

6.2.3. Tensile strength 

The behaviour of a material under tensioned forces is 

determined by its tensile characteristics. A fundamental 

and common engineering test for determining material 

properties like ultimate tensile strength, yield strength, 

percent elongation, percent area of decrease, and Young's 

modulus is the uniaxial tensile test. A conventional tensile 

specimen with defined specifications is subjected to 

longitudinal or axial load at a specific extension rate until 

failure. During the test, the applied tensile load and 

extension are noted for the purpose of calculating stress 

and strain. A common test procedure for stress testing 

metallic materials is ASTM E8147). 

Over monolithic alloys, particle-reinforced Al-MMCs are 

often found to have higher elastic modulus, tensile strength, 

and fatigue strength (Singh et al.)148). The strong interface 
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that distributes and transfers the load from the matrix to the 

reinforcement is the cause of the composites' increased 

elastic modulus and strength (Chen et al.)149). 

The findings of many experiments regarding the tensile 

properties of Al MMC can be summed up as follows: 

Boopathi et al. (2013), noted that an increase in the 

reinforcement's area fraction in the matrix led to an 

improvement in the material's tensile strength, yield 

strength, and hardness. SiC and fly ash are added to 

Al2024 alloy, which greatly reduces the hybrid MMCs' 

percentage rate of elongation19). 

The tensile strength of aluminium matrix and composites 

was shown to be greatly increased by AA6061-B4C 

composites from 185 MPa to 215 MPa (Kalaiselvan et al.). 

This is mostly caused by the reinforcement's load transfer 

strengthening process. By providing greater resistance to 

tensile stresses, the inclusion of B4C particles in the matrix 

causes the matrix alloy to become significantly stronger150). 

According to (Gomes et al.), SiC and Al2O3 are two of the 

most popular ceramic materials because of their 

advantageous ratio of density, hardness, and affordability. 

The material's elastic elasticity, hardness, strength, and 

wear resistance all significantly enhance when these 

reinforcements are coupled with Al-MMCs151). 

Alumina and other oxide particles, such as TiO2, have 

drawn attention as a reinforcing phase with aluminium 

alloy, according to research by Ravichandran et al., as it is 

known to increase hardness, tensile strength, and wear 

resistance152). 

The impact of Al2080 alloy reinforced with silicon carbide 

(SiC) metal matrix composites was investigated by 

(Chawla et al.). The elastic modulus, work hardening rate, 

macroscopic yield, and tensile strengths were found to 

increase with an increase in volume fraction, although this 

was accompanied by a decrease in ductility153). 

Al5210 alloy reinforced with SiC metal matrix composites 

with a high volume percentage (50%) and varied particle 

sizes of 10, 28, 40, and 63 m were examined by (Xiao-dong 

et al.). The results showed that while the fracture toughness 

increased with increasing particle size, the bending 

strength of the SiCp/5210 Al composite with a high 

volume percentage (50%) decreased154). 

SiC particles were found to increase the yield strength and 

elastic modulus of the Al7XXX base alloy while 

decreasing the final compressive strength and ductility155). 

Onoro et al. investigated that the tensile strength of 

aluminium 6061 and 7015 matrix alloys without 

reinforcement decreases with temperature increase during 

age hardening and that the effect of high-temperature 

mechanical properties of Al6061 with boron carbide (B4C) 

improves mechanical behaviour156).  

Increasing the particle size of B4C particles significantly 

improves the Al6061 composite's resistance to tensile 

strength. The particle size of 105 was discovered to have 

the highest tensile strength of AMCs (176.37 MPa). The 

composite's increased hardness is what causes the rise in 

strength157). 

Corbin et al. noted that because the reinforcing phase in 

metal matrix composites is typically significantly stiffer 

than the matrix, it carries a considerable fraction of stress. 

Stress concentrations in the matrix at the poles of the 

reinforcement and/or at sharp corners of the reinforcing 

particles have been suggested as the cause of 

microplasticity in MMCs, which occurs at relatively low 

stress158). 

Swamy et al. discovered that compared to Al6061-Wc 

composites, increasing the graphite concentration in the 

Al6061 matrix results in appreciably higher ductility, UTS, 

compressive strength, and Young's modulus159). 

7. Commercialization and Industrial 

applications of AMCs 

Aluminum matrix composites (AMCs) have been 

extensively researched and developed over the years due 

to their unique properties such as high specific strength and 

stiffness, good wear resistance, and thermal stability. 

These properties make them attractive for various 

commercial and industrial applications. The Figure 5 

depicts the various Industrial applications of the AMCs. 

Automotive industry: AMCs are widely used in the 

automotive industry to reduce the weight of the vehicle, 

improve fuel efficiency, and increase the performance and 

safety of the vehicle. They are used in engine parts, 

suspension systems, brake rotors, and transmission 

components160). 

Aerospace industry: AMCs are also used in the aerospace 

industry for their lightweight and high-strength properties. 

They are used in aircraft structures, engine components, 

and other critical parts161). 

Electronic industry: AMCs are used in the electronic 

industry for their thermal conductivity and electrical 

insulation properties. They are used in electronic 

 

Fig. 5: AMC Applications in the Industries 
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packaging, heat sinks, and circuit boards162). 

Sporting goods: AMCs are used in the manufacturing of 

sporting goods such as golf clubs, tennis rackets, and 

bicycle frames. They provide high strength, stiffness, and 

durability while reducing the weight of the equipment163). 

Military and Defense: AMCs are used in the military and 

defense industry for their high strength and ballistic 

resistance properties. They are used in armor plating, 

bulletproof vests, and other protective equipment164). 

Construction industry: AMCs are used in the construction 

industry for their high strength, stiffness, and corrosion 

resistance properties. They are used in the manufacturing 

of building materials such as concrete reinforcement bars 

and wall panels165). 

Table 4: Commercial and Industrial Applications of AMCs with 

Corresponding Property Requirements and Benefits 

Industry 

Sector 

Application 

Component

s 

Required 

Properties 

from AMCs 

Benefits of 

Using 

AMCs 

Automotive
166–169) 

Engine 

blocks, 

pistons, 

brake rotors, 

suspension 

arms, drive 

shafts 

High strength-

to-weight 

ratio, wear 

resistance, 

thermal 

stability 

Improved 

fuel 

efficiency, 

performanc

e, and 

safety 

Aerospace17

0–174) 

Structural 

panels, wing 

components, 

engine parts 

Lightweight, 

high stiffness, 

fatigue and 

creep 

resistance 

Weight 

reduction, 

fuel 

economy, 

extended 

service life 

Electronics1

75–178) 

Heat sinks, 

substrates, 

circuit 

boards, 

housings 

High thermal 

conductivity, 

electrical 

insulation, 

dimensional 

stability 

Better heat 

manageme

nt, 

miniaturiza

tion 

Defense & 

Military179–

183) 

Armors, 

vehicle 

body panels, 

bulletproof 

inserts, 

protective 

shields 

Ballistic 

resistance, 

toughness, 

energy 

absorption 

Protection 

with 

reduced 

weight 

Sporting 

Goods184–

187) 

Bicycle 

frames, golf 

clubs, 

baseball 

bats, tennis 

rackets 

High stiffness, 

impact 

strength, light 

weight 

Enhanced 

user 

performanc

e, reduced 

fatigue 

Constructio

n188–191) 

Structural 

panels, 

concrete 

reinforceme

nts, 

cladding 

systems 

Corrosion 

resistance, 

stiffness, 

machinability 

Longevity, 

reduced 

maintenanc

e, 

sustainable 

design 

Railway192–

194) 

Brake pads, 

bogie 

frames, 

pantographs 

High strength, 

impact and 

wear 

resistance 

Durability 

under 

dynamic 

loading 

Marine195–

198) 

Hull 

structures, 

brackets, 

engine 

components 

Corrosion 

resistance, 

fatigue 

strength, 

weight 

reduction 

Improved 

fuel use 

and 

corrosion 

life 

Robotics & 

Automation
199–202) 

Lightweight 

frames, 

joints, 

housing 

parts 

Lightweight, 

dimensional 

accuracy, 

wear 

resistance 

Faster 

movement, 

energy 

savings 

Renewable 

Energy203,204

) 

Wind 

turbine 

arms, solar 

panel 

frames 

Corrosion 

resistance, 

low weight, 

mechanical 

strength 

Long 

service life, 

better 

energy 

conversion 

AMCs have a wide range of commercial and industrial 

applications due to their unique properties as depicted in 

Table 4. As research and development continue, new 

applications for AMCs are likely to emerge, making them 

even more versatile and valuable materials. 

8. Conclusion and Recommendations  

Conclusion: The extensive literature review shown above 

reveals that although much work has been reported to 

improve the physical and mechanical properties of various 

aluminium alloys using multiple types of reinforcements, 

a synergism in terms of Al6061, Al6063, and Al7075 alloy 

with Silicon carbide (SiC), Silicon nitride (Si3N4), and 

Boron carbide (B4C) reinforcements of hybrid composites 

to improve the physical and mechanical properties by 

varying weight percentage or particle size has been found. 

Studies on various forms of reinforcements on hybrid 

composites have been done worldwide. However, it seems 

that the combined effect of reinforcement on Al alloy 

utilising various manufacturing methods has still not 

received enough attention. In light of the scientific 

knowledge and practical significance, additional research 

in this area is required, specifically by altering 

reinforcement's weight percentage and particle size using 

low-cost manufacturing stir-casting technology. Another 

broad topic with plenty of room for research is the 

behaviour of hybrid composites subjected to solid particle 

erosion. Studying all the above-mentioned research scopes 

can aid the research community in gaining excellent 

knowledge. The originality of the present review may be 

explained by the combination of bibliometric analysis, the 

knowledge about tools that help microstructural 

assessment, and a thorough mapping of AMC applications 

across various fields of endeavour. This inter- or trans- 

disciplinary synthesis not only closes any technical gaps, 

but it maintains a translation of academic work into and out 
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of industrial innovations. 

Recommendations: The application prospects of 

Aluminium Matrix Composites (AMCs) extend to multiple 

sectors because of their high-performance potential in 

automotive, aerospace components, defence platforms, 

and electronic systems. The research achievement of 

Aluminium Matrix Composites continues toward future 

advancements with multiple possible improvements. 

Normalising fabrication methods that deliver 

homogeneous particle distribution with minimal material 

defects is essential. Producing completely defect-free 

AMCs with improved properties will be possible through 

the future implementation of friction stir processing, 

additive manufacturing, squeeze casting, and advanced 

manufacturing techniques. Integrating artificial 

intelligence into process controls for optimising methods 

would result in consistent, scalable outcomes. 

Additive manufacturing and in-situ fabrication methods 

have unique benefits when applied in microstructure 

control and local reinforcements integration, but they are 

underused. The further research and reviews should also 

focus on these newer techniques in order to increase the 

industrial applicability and optimization of processes. 

Research on nano-reinforced, along with hybrid AMCs, 

exists at a relatively early stage of advancement. These 

multi-component systems provide ductile properties, along 

with durability characteristics and toughness. A 

comprehensive study of these materials' microstructural 

change, fatigue responses and bonding behaviours 

between constituents must happen before industrial 

applications are feasible. 

The industrial adoption of AMCs can be sped up by 

implementing predictive models, digital replicas, and 

monitoring properties as processes happen in real time. 

Lowering manufacturing costs by exploring novel 

reinforcement materials from industrial waste or 

agricultural by-products will lower AMC's production 

prices. 

The application growth of AMC materials beyond 

mechanical systems can occur through development in 

renewable energy domains, biomedical medicine, and 

high-speed railway fields. Fast adoption of this material 

requires regulatory backing, industrial partnerships and 

expertise from multiple scientific fields during material 

development. 

Future research needs to focus on emerging digital 

production methods, material data handling techniques, 

and environmentally friendly innovation approaches to 

fulfil the structural and functional needs of the upcoming 

generation.  

Nomenclature 

Al2O3 aluminium oxide 

B4C boron carbide 

CMC ceramic matrix composite 

MMC metal matrix composite,  

PMC Polymer matrix composite  

Si3N4 silicon nitrate 

SiC silicon carbide 

TiB2 titanium diboride 

TiO2 titanium oxide 

ZrO2 zirconium oxide 

ZrSiO2 zirconium silicate 

References 

1) A. Samanta, and I.L. Medintz, “Nanoparticles and 

dna – a powerful and growing functional 

combination in bionanotechnology,” Nanoscale, 8 

(17) 9037–9095 (2016). doi:10.1039/C5NR08465B. 

2) I. Tajzad, and E. Ghasali, “Production methods of 

cnt-reinforced al matrix composites: a review,” J. 

Compos. Compd., 2 (1) 1–9 (2020). 

doi:10.29252/jcc.2.1.1. 

3) C. González, J.J. Vilatela, J.M. Molina-Aldareguía, 

C.S. Lopes, and J. LLorca, “Structural composites for 

multifunctional applications: current challenges and 

future trends,” Prog. Mater. Sci., 89 194–251 (2017). 

doi:10.1016/j.pmatsci.2017.04.005. 

4) E.F. Sukur, and G. Onal, “Graphene nanoplatelet 

modified basalt/epoxy multi-scale composites with 

improved tribological performance,” Wear, 460–461 

203481 (2020). doi:10.1016/j.wear.2020.203481. 

5) “Macromechanics Analysis of Laminate Properties,” 

in: Composites, ASM International, 2001: pp. 207–

229. doi:10.31399/asm.hb.v21.a0003378. 

6) S.V. Prasad, and R. Asthana, “Aluminum metal–

matrix composites for automotive applications: 

tribological considerations,” Tribol. Lett., 17 (3) 

445–453 (2004). 

doi:10.1023/B:TRIL.0000044492.91991.f3. 

7) Z. Khan, Sabah and Ahmad, “A review paper on 

tribological and mechanical properties of aluminium 

metal matrix composites manufactured by different 

route,” Int. J. Curr. Eng. Sci. Res., 1 (4) (2014). 

https://www.researchgate.net/profile/Zeeshan-

Ahmad-

7/publication/273764103_A_review_paper_on_tribo

logical_and_mechanical_properties_of_Aluminium

_metal_matrix_composites_manufactured_by_differ

ent_route/links/5f436159a6fdcccc43f4e60a/A-

review-paper-on-tribo. 

8) A. Baradeswaran, and A. Elaya Perumal, “Influence 

of b4c on the tribological and mechanical properties 

of al 7075–b4c composites,” Compos. Part B Eng., 

54 146–152 (2013). 

doi:10.1016/j.compositesb.2013.05.012. 

9) A. Baradeswaran, and A. Elaya Perumal, “Study on 

mechanical and wear properties of al 

7075/al2o3/graphite hybrid composites,” Compos. 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1699 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



Part B Eng., 56 464–471 (2014). 

doi:10.1016/j.compositesb.2013.08.013. 

10) J. Hindi, K. Achuta, and M. Amar, “Mechanical 

characterization of precipitation hardened al7075-

grey cast iron powder reinforced metal matrix 

composites,” MATEC Web Conf., 144 02007 (2018). 

doi:10.1051/matecconf/201814402007. 

11) R. Kumar, and S. Chauhan, “Study on surface 

roughness measurement for turning of al 

7075/10/sicp and al 7075 hybrid composites by using 

response surface methodology (rsm) and artificial 

neural networking (ann),” Measurement, 65 166–180 

(2015). doi:10.1016/j.measurement.2015.01.003. 

12) R. Dasgupta, and H. Meenai, “SiC particulate 

dispersed composites of an al–zn–mg–cu alloy: 

property comparison with parent alloy,” Mater. 

Charact., 54 (4–5) 438–445 (2005). 

doi:10.1016/j.matchar.2005.01.012. 

13) T. Senthilvelan, S. Gopalakannan, S. Vishnuvarthan, 

and K. Keerthivaran, “Fabrication and 

characterization of sic, al2o3 and b4c reinforced al-

zn-mg-cu alloy (aa 7075) metal matrix composites: a 

study,” Adv. Mater. Res., 622–623 1295–1299 

(2012). doi:10.4028/www.scientific.net/AMR.622-

623.1295. 

14) S. Karthigeyan, R., Ranganath, G., and 

Sankaranarayanan, “Mechanical properties and 

microstructure studies of aluminium (7075) alloy 

matrix composite reinforced with short basalt fibre,” 

Eur. J. Sci. Res., 68 (4) 606–615 (2012). 

15) F. Altinkok, N., Özsert, I and Findik, “Dry sliding 

wear behavior of al2o3/sic particle reinforced 

aluminium based mmcs fabricated by stir casting 

method,” ACTA Phys. Pol. A, 124 (1) (2013). 

16) B. Pavani Srikavya, P. Srinivasa Rao, and S. 

Kamaluddin, “Lightweight Materials for Engine 

Cylinder Blocks/Liners—A Critical Review,” in: 

2021: pp. 103–116. doi:10.1007/978-981-15-9853-

1_10. 

17) V. Anandakrishnan, S. Baskaran, and S. Sathish, 

“Synthesis and forming behavior of in situ aa 7075 - 

tic composites,” Adv. Mater. Res., 651 251–256 

(2013). 

doi:10.4028/www.scientific.net/AMR.651.251. 

18) H. Abdizadeh, H.R. Baharvandi, and K.S. 

Moghaddam, “Comparing the effect of processing 

temperature on microstructure and mechanical 

behavior of (zrsio4 or tib2)/aluminum composites,” 

Mater. Sci. Eng. A, 498 (1–2) 53–58 (2008). 

doi:10.1016/j.msea.2008.07.009. 

19) Boopathi, “EVALUATION of mechanical properties 

of aluminium alloy 2024 reinforced with silicon 

carbide and fly ash hybrid metal matrix composites,” 

Am. J. Appl. Sci., 10 (3) 219–229 (2013). 

doi:10.3844/ajassp.2013.219.229. 

20) S. Patoliya, Dharmesh M. , and Sharma, “Preparation 

and characterization of zirconium dioxide reinforced 

aluminium metal matrix composites,” Int. J. Innov. 

Res. Sci. Eng. Technol., 4 (5) (2015). 

doi:10.15680/IJIRSET.2015.0405051. 

21) J. Koike, M. Mabuchi, and K. Higashi, “Partial 

melting and segregation behavior in a superplastic si 

3 n 4 /al–mg alloy composite,” J. Mater. Res., 10 (1) 

133–138 (1995). doi:10.1557/JMR.1995.0133. 

22) G.B. Veeresh Kumar, C.S.P. Rao, and N. Selvaraj, 

“Studies on mechanical and dry sliding wear of 

al6061–sic composites,” Compos. Part B Eng., 43 (3) 

1185–1191 (2012). 

doi:10.1016/j.compositesb.2011.08.046. 

23) M.A. Baghchesara, H. Abdizadeh, and H.R. 

Baharvandi, “Effects of mgo nano particles on 

microstructural and mechanical properties of 

aluminum matrix composite prepared via powder 

metallurgy route,” Int. J. Mod. Phys. Conf. Ser., 05 

607–614 (2012). doi:10.1142/S201019451200253X. 

24) M. Kök, “Abrasive wear of al2o3 particle reinforced 

2024 aluminium alloy composites fabricated by 

vortex method,” Compos. Part A Appl. Sci. Manuf., 

37 (3) 457–464 (2006). 

doi:10.1016/j.compositesa.2005.05.038. 

25) M. Mabuchi, K. Higashi, Y. Okada, S. Tanimura, T. 

Imai, and K. Kubo, “Very high strain-rate 

superplasticity in a particulate aluminum composite,” 

Scr. Metall. Mater., 25 (11) 2517–2522 (1991). 

doi:10.1016/0956-716X(91)90060-E. 

26) M. Mabuchi, and K. Higashi, “Thermal stability in a 

superplastic si3n4(p)/al mg composite,” Mater. 

Sci. Eng. A, 179 – 180 625 – 627 (1994). 

doi:10.1016/0921-5093(94)90280-1. 

27) M. Madhusudhan, G.J. Naveen, and K. Mahesha, 

“Mechanical characterization of aa7068-zro 2 

reinforced metal matrix composites,” Mater. Today 

Proc., 4 (2) 3122–3130 (2017). 

doi:10.1016/j.matpr.2017.02.196. 

28) N. Sharma, R. Khanna, G. Singh, and V. Kumar, 

“Fabrication of 6061 aluminum alloy reinforced with 

si 3 n 4 /n-gr and its wear performance optimization 

using integrated rsm-ga,” Part. Sci. Technol., 35 (6) 

731–741 (2017). 

doi:10.1080/02726351.2016.1196276. 

29) V. Bharath, M. Nagaral, V. Auradi, and S.A. Kori, 

“Preparation of 6061al-al 2 o 3 mmc’s by stir casting 

and evaluation of mechanical and wear properties,” 

Procedia Mater. Sci., 6 1658–1667 (2014). 

doi:10.1016/j.mspro.2014.07.151. 

30) P. Hariharasakthisudhan, A. Arul Marcel Moshi, S.R. 

Sundara Bharathi, and K. Logesh, “Regression and 

grey relational analysis on friction and wear behavior 

Research Status and Development of Aluminium Matrix Composite: State of the Art

- 1700 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



of aa6061/al 2 o 3 /si 3 n 4 /graphite hybrid nano 

composites,” Mater. Res. Express, 6 (8) 085017 

(2019). doi:10.1088/2053-1591/ab1cd3. 

31) M. Uthayakumar, S. Aravindan, and K. Rajkumar, 

“Wear performance of al–sic–b4c hybrid composites 

under dry sliding conditions,” Mater. Des., 47 456–

464 (2013). doi:10.1016/j.matdes.2012.11.059. 

32) H. Zhu, C. Jia, J. Li, J. Zhao, J. Song, Y. Yao, and Z. 

Xie, “Microstructure and high temperature wear of 

the aluminum matrix composites fabricated by 

reaction from al–zro2–b elemental powders,” Powder 

Technol., 217 401–408 (2012). 

doi:10.1016/j.powtec.2011.10.056. 

33) R. Kayikci, and Ö. Savaş, “Fabrication and properties 

of functionally graded al/alb 2 composites,” J. 

Compos. Mater., 49 (16) 2029–2037 (2015). 

doi:10.1177/0021998314541490. 

34) A. Manna, H.S. Bains, and P.B. Mahapatra, 

“Experimental study on fabrication of al—al2o3/grp 

metal matrix composites,” J. Compos. Mater., 45 (19) 

2003–2010 (2011). doi:10.1177/0021998310394691. 

35) S.V. Philip, J.D.R. Selvam, R.S. Rai, and P.M. 

Mashinini, “Microstructure characterization of in-

situ formed al2o3-tib2 amcs particles on aa6061 

aluminium matrix composites,” Mater. Today Proc., 

16 574–578 (2019). 

doi:10.1016/j.matpr.2019.05.130. 

36) M. Li, Z. Zhang, H. Gao, Y. Wang, J. Liang, D. Shu, 

J. Wang, and B. Sun, “Formation of multilayer 

interfaces and the load transfer in graphene 

nanoplatelets reinforced al matrix composites,” 

Mater. Charact., 159 110018 (2020). 

doi:10.1016/j.matchar.2019.110018. 

37) R. AM, M. Kaleemulla, S. Doddamani, and B. KN, 

“Material characterization of sic and al 2 o 3 –

reinforced hybrid aluminum metal matrix composites 

on wear behavior,” Adv. Compos. Lett., 28 (2019). 

doi:10.1177/0963693519856356. 

38) Y. Afkham, R.A. Khosroshahi, S. Rahimpour, C. 

Aavani, D. Brabazon, and R.T. Mousavian, 

“Enhanced mechanical properties of in situ 

aluminium matrix composites reinforced by alumina 

nanoparticles,” Arch. Civ. Mech. Eng., 18 (1) 215–

226 (2018). doi:10.1016/j.acme.2017.06.011. 

39) X. Chen, Z. Xu, D. Fu, H. Zhang, J. Teng, and F. 

Jiang, “Comparative hot workability characteristics 

of an al–si/sicp aluminium matrix composite hybrid 

reinforced with various tib2 additions,” Met. Mater. 

Int., 27 (6) 1880–1891 (2021). doi:10.1007/s12540-

019-00585-9. 

40) D.K. Das, P.C. Mishra, A.K. Chaubey, and S. Singh, 

“Fabrication process optimization for improved 

mechanical properties of al 7075/sicp metal matrix 

composites,” Manag. Sci. Lett., 297–308 (2016). 

doi:10.5267/j.msl.2016.1.011. 

41) B.L. Dasari, M. Morshed, J.M. Nouri, D. Brabazon, 

and S. Naher, “Mechanical properties of graphene 

oxide reinforced aluminium matrix composites,” 

Compos. Part B Eng., 145 136–144 (2018). 

doi:10.1016/j.compositesb.2018.03.022. 

42) G. Huang, W. Hou, and Y. Shen, “Evaluation of the 

microstructure and mechanical properties of wc 

particle reinforced aluminum matrix composites 

fabricated by friction stir processing,” Mater. 

Charact., 138 26–37 (2018). 

doi:10.1016/j.matchar.2018.01.053. 

43) M. Imran, and A.R.A. Khan, “Characterization of al-

7075 metal matrix composites: a review,” J. Mater. 

Res. Technol., 8 (3) 3347–3356 (2019). 

doi:10.1016/j.jmrt.2017.10.012. 

44) U. Pandey, R. Purohit, P. Agarwal, and S. Kumar 

Singh, “Study of fabrication, testing and 

characterization of al/tic metal matrix composites 

through different processing techniques,” Mater. 

Today Proc., 5 (2) 4106–4117 (2018). 

doi:10.1016/j.matpr.2017.11.671. 

45) G. Pitchayyapillai, P. Seenikannan, K. Raja, and K. 

Chandrasekaran, “Al6061 hybrid metal matrix 

composite reinforced with alumina and molybdenum 

disulphide,” Adv. Mater. Sci. Eng., 2016 1–9 (2016). 

doi:10.1155/2016/6127624. 

46) S.J. James, K. Venkatesan, P. Kuppan, and R. 

Ramanujam, “Hybrid aluminium metal matrix 

composite reinforced with sic and tib2,” Procedia 

Eng., 97 1018–1026 (2014). 

doi:10.1016/j.proeng.2014.12.379. 

47) R. Agnihotri, “Mechanical properties of al-sic metal 

matrix composites fabricated by stir casting route,” 

Res. Med. Eng. Sci., 2 (5) (2017). 

doi:10.31031/RMES.2017.02.000549. 

48) N.M. Kumar, S.S. Kumaran, and L.A. 

Kumaraswamidhas, “High temperature investigation 

on edm process of al 2618 alloy reinforced with si3n4, 

aln and zrb2 in-situ composites,” J. Alloys Compd., 

663 755–768 (2016). 

doi:10.1016/j.jallcom.2015.12.175. 

49) I. Dinaharan, K. Kalaiselvan, and N. Murugan, 

“Influence of rice husk ash particles on 

microstructure and tensile behavior of aa6061 

aluminum matrix composites produced using friction 

stir processing,” Compos. Commun., 3 42–46 (2017). 

doi:10.1016/j.coco.2017.02.001. 

50) T. Hariprasad, K. Varatharajan, and S. Ravi, “Wear 

characteristics of b4c and al2o3 reinforced with al 

5083 metal matrix based hybrid composite,” 

Procedia Eng., 97 925–929 (2014). 

doi:10.1016/j.proeng.2014.12.368. 

51) S.G. Kulkarni, J.V. Meghnani, and A. Lal, “Effect of 

fly ash hybrid reinforcement on mechanical property 

and density of aluminium 356 alloy,” Procedia Mater. 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1701 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



Sci., 5 746–754 (2014). 

doi:10.1016/j.mspro.2014.07.324. 

52) B. Rebba, and N. Ramanaiah, “Evaluation of 

mechanical properties of aluminium alloy (al-2024) 

reinforced with molybdenum disulphide (mos 2 ) 

metal matrix composites,” Procedia Mater. Sci., 6 

1161–1169 (2014). 

doi:10.1016/j.mspro.2014.07.189. 

53) A. Vedrtnam, and A. Kumar, “Fabrication and wear 

characterization of silicon carbide and copper 

reinforced aluminium matrix composite,” Mater. 

Discov., 9 16–22 (2017). 

doi:10.1016/j.md.2018.01.002. 

54) M. Zabihi, M.R. Toroghinejad, and A. Shafyei, 

“Shear punch test in al/alumina composite strips 

produced by powder metallurgy and accumulative 

roll bonding,” Mater. Sci. Eng. A, 667 383–390 

(2016). doi:10.1016/j.msea.2016.04.097. 

55) C. Zhang, J. Yin, D. Yao, K. Zuo, Y. Xia, H. Liang, 

and Y. Zeng, “Enhanced tensile properties of al 

matrix composites reinforced with β-si3n4 whiskers,” 

Compos. Part A Appl. Sci. Manuf., 102 145–153 

(2017). doi:10.1016/j.compositesa.2017.07.025. 

56) J. Hashim, L. Looney, and M.S.J. Hashmi, “The 

wettability of sic particles by molten aluminium 

alloy,” J. Mater. Process. Technol., 119 (1–3) 324–

328 (2001). doi:10.1016/S0924-0136(01)00975-X. 

57) D.D.L. Chung, “Composite Materials,” Springer 

London, London, 2010. doi:10.1007/978-1-84882-

831-5. 

58) M.K. Surappa, “Aluminium matrix composites: 

challenges and opportunities,” Sadhana, 28 (1–2) 

319–334 (2003). doi:10.1007/BF02717141. 

59) S.S. Adi, and V.R. Malik, “Friction stir processing of 

aluminum machining waste: carbon nanostructure 

reinforcements for enhanced composite performance 

- a comprehensive review,” Mater. Manuf. Process., 

40 (3) 285–334 (2025). 

doi:10.1080/10426914.2024.2425628. 

60) X. Xie, “Manufacturing and characterization of Al 

matrix composites with nano reinforcements via cold 

spraying,” Manufacturing and characterization of Al 

matrix composites with nano reinforcements via cold 

spraying, 2019. https://theses.hal.science/tel-

03149369/. 

61) H. Gül, F. Kılıç, S. Aslan, A. Alp, and H. Akbulut, 

“Characteristics of electro-co-deposited ni–al2o3 

nano-particle reinforced metal matrix composite 

(mmc) coatings,” Wear, 267 (5–8) 976–990 (2009). 

doi:10.1016/j.wear.2008.12.022. 

62) N. Panwar, and A. Chauhan, “Fabrication methods of 

particulate reinforced aluminium metal matrix 

composite-a review,” Mater. Today Proc., 5 (2) 

5933–5939 (2018). doi:10.1016/j.matpr.2017.12.194. 

63) V. Michaud, and A. Mortensen, “Infiltration 

processing of fibre reinforced composites: governing 

phenomena,” Compos. Part A Appl. Sci. Manuf., 32 

(8) 981–996 (2001). doi:10.1016/S1359-

835X(01)00015-X. 

64) M.. Ghomashchi, and A. Vikhrov, “Squeeze casting: 

an overview,” J. Mater. Process. Technol., 101 (1–3) 

1–9 (2000). doi:10.1016/S0924-0136(99)00291-5. 

65) P. Garg, A. Jamwal, D. Kumar, K.K. Sadasivuni, 

C.M. Hussain, and P. Gupta, “Advance research 

progresses in aluminium matrix composites: 

manufacturing &amp; applications,” J. Mater. Res. 

Technol., 8 (5) 4924–4939 (2019). 

doi:10.1016/j.jmrt.2019.06.028. 

66) H. Wang, G. Li, Y. Zhao, and G. Chen, “In situ 

fabrication and microstructure of al2o3 particles 

reinforced aluminum matrix composites,” Mater. Sci. 

Eng. A, 527 (12) 2881–2885 (2010). 

doi:10.1016/j.msea.2010.01.022. 

67) J.M. Mistry, and P.P. Gohil, “Research review of 

diversified reinforcement on aluminum metal matrix 

composites: fabrication processes and mechanical 

characterization,” Sci. Eng. Compos. Mater., 25 (4) 

633–647 (2018). doi:10.1515/secm-2016-0278. 

68) P. Samal, P.R. Vundavilli, A. Meher, and M.M. 

Mahapatra, “Recent progress in aluminum metal 

matrix composites: a review on processing, 

mechanical and wear properties,” J. Manuf. Process., 

59 131–152 (2020). 

doi:10.1016/j.jmapro.2020.09.010. 

69) S. Narhari Tekale, and D.R. Dolas, “Study of 

fabrication methods and various reinforcements with 

aluminium for automotive application – a review,” 

Mater. Today Proc., 62 2768–2773 (2022). 

doi:10.1016/j.matpr.2022.01.343. 

70) A. Kumar, V.P. Singh, R.C. Singh, R. Chaudhary, D. 

Kumar, and A.-H.I. Mourad, “A review of aluminum 

metal matrix composites: fabrication route, 

reinforcements, microstructural, mechanical, and 

corrosion properties,” J. Mater. Sci., 59 (7) 2644–

2711 (2024). doi:10.1007/s10853-024-09398-7. 

71) D.K. Das, P.C. Mishra, S. Singh, and S. Pattanaik, 

“Fabrication and heat treatment of ceramic-

reinforced aluminium matrix composites - a review,” 

Int. J. Mech. Mater. Eng., 9 (1) 6 (2014). 

doi:10.1186/s40712-014-0006-7. 

72) D.K. Sharma, D. Mahant, and G. Upadhyay, 

“Manufacturing of metal matrix composites: a state 

of review,” Mater. Today Proc., 26 506–519 (2020). 

doi:10.1016/j.matpr.2019.12.128. 

73) A.S.A. Tallam, C.P. Mohanty, K.K. Mahato, T.K. 

Hotta, R.K. Shastri, and J.A. Narayanan, 

“Advancements in the fabrication of metal matrix 

composites: a detailed review of manufacturing and 

characterization techniques,” Int. J. Interact. Des. 

Manuf., (2025). doi:10.1007/s12008-025-02263-0. 

Research Status and Development of Aluminium Matrix Composite: State of the Art

- 1702 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



74) V. Chak, H. Chattopadhyay, and T.L. Dora, “A 

review on fabrication methods, reinforcements and 

mechanical properties of aluminum matrix 

composites,” J. Manuf. Process., 56 1059–1074 

(2020). doi:10.1016/j.jmapro.2020.05.042. 

75) Yashpal, Sumankant, C.S. Jawalkar, A.S. Verma, and 

N.M. Suri, “Fabrication of aluminium metal matrix 

composites with particulate reinforcement: a review,” 

Mater. Today Proc., 4 (2) 2927–2936 (2017). 

doi:10.1016/j.matpr.2017.02.174. 

76) S. Mondal, G. Paul, S.C. Mondal, K. Mondol, Z. 

Seikh, and M. Sekh, “Fabrication of graphene 

reinforced aluminium metal matrix composites for 

advanced tool materials,” J. Inst. Eng. Ser. D, (2024). 

doi:10.1007/s40033-024-00847-w. 

77) A. Bhowmik, R. Kumar, N. Beemkumar, A.V. 

Kumar, G. Singh, A. Kulshreshta, V.S. Mann, and 

A.J. Santhosh, “Casting of particle reinforced metal 

matrix composite by liquid state fabrication method: 

a review,” Results Eng., 24 103152 (2024). 

doi:10.1016/j.rineng.2024.103152. 

78) M.S. Ayar, P.M. George, and R.R. Patel, “Advanced 

research progresses in aluminium metal matrix 

composites: An overview,” in: 2021: p. 020026. 

doi:10.1063/5.0036141. 

79) W.C. Harrigan, “Processing of Aluminum Metal-

Matrix Composites,” in: Alum. Sci. Technol., ASM 

International, 2018: pp. 375–386. 

doi:10.31399/asm.hb.v02a.a0006488. 

80) Y. Wu, G.-Y. Kim, I.E. Anderson, and T.A. Lograsso, 

“Fabrication of al6061 composite with high sic 

particle loading by semi-solid powder processing,” 

Acta Mater., 58 (13) 4398–4405 (2010). 

doi:10.1016/j.actamat.2010.04.036. 

81) M. Gagné, and D. Therriault, “Lightning strike 

protection of composites,” Prog. Aerosp. Sci., 64 1–

16 (2014). doi:10.1016/j.paerosci.2013.07.002. 

82) T.I. Awan, S. Afsheen, and S. Kausar, “Thin Film 

Deposition Techniques,” Springer Nature Singapore, 

Singapore, 2025. doi:10.1007/978-981-96-1364-9. 

83) N.M.S. Kumar, T.N. Shashank, N.U. Dheeraj, 

Dhruthi, A. Kordijazi, P.K. Rohatgi, and M. 

Sadashiva, “Coatings on reinforcements in aluminum 

metal matrix composites,” Int. J. Met., 17 (2) 1049–

1064 (2023). doi:10.1007/s40962-022-00831-8. 

84) T. Da Calva Mouillevois, C. Rivière, H. Plaisantin, J. 

Roger, T. Hungria, G. Chollon, and N. Bertrand, 

“Toward controlled fluidized bed – chemical vapor 

deposition of boron nitride: thermochemical analysis 

and microstructural investigations,” Adv. Mater. 

Interfaces, 11 (34) (2024). 

doi:10.1002/admi.202400452. 

85) I.A. Poimenidis, M. Liapakis, A. Klini, M. Farsari, 

S.D. Moustaizis, M. Konsolakis, and P.A. Loukakos, 

“A novel physical vapor deposition setup applying 

high-frequency currents: deposition of cu thin films,” 

Vacuum, 232 113839 (2025). 

doi:10.1016/j.vacuum.2024.113839. 

86) Z. Lyu, Y. Qian, Q. Zhang, Z. Fang, and D.J. Kang, 

“Liquid-phase catalyst pre-seeding for controlled 

growth of layered mos 2 films over a large area via 

chemical vapor deposition,” Nanoscale, 16 (4) 1906–

1914 (2024). doi:10.1039/D3NR02928J. 

87) S.S. Raj, B. Mylsamy, T. Velayutham, K. Aruchamy, 

S.K. Palaniappan, and S. Siengchin, “Coating 

techniques for coating fibers and polymers and their 

stability,” in: Surf. Modif. Coat. Fibers, Polym. 

Compos., Elsevier, 2025: pp. 313–329. 

doi:10.1016/B978-0-443-22029-6.00015-0. 

88) C. Cai, X. Liu, X. Dong, G. Zhang, Z. Geng, and L. 

Shang, “Growth of thick amorphous carbon films on 

alumina for improved tribological properties,” Ceram. 

Int., 50 (21) 41569–41580 (2024). 

doi:10.1016/j.ceramint.2024.08.007. 

89) B. Ke, S. Cheng, C. Zhang, W. Li, J. Zhang, R. Deng, 

J. Lin, Q. Xie, B. Qu, L. Qiao, D. Peng, and X. Wang, 

“Low‐Temperature flexible integration of all‐

solid‐state thin‐film lithium batteries enabled by 

spin‐coating electrode architecture,” Adv. Energy 

Mater., 14 (12) (2024). 

doi:10.1002/aenm.202303757. 

90) Ł. Łach, and D. Svyetlichnyy, “Recent progress in 

heat and mass transfer modeling for chemical vapor 

deposition processes,” Energies, 17 (13) 3267 (2024). 

doi:10.3390/en17133267. 

91) V. R, A. V, R. S, and J.J.B. J, “Optimizing machining 

efficiency: a comprehensive study on pvd cathodic 

arc evaporation coated turning tool inserts with 

tialn/alcrn multilayer coatings,” Mater. Res. Express, 

11 (6) 066505 (2024). doi:10.1088/2053-

1591/ad507e. 

92) H. Zhang, T. Li, W. Yin, M. Gao, S. Liu, and H. Zhao, 

“Interface engineering for high strength and high 

toughness ceramic matrix composites,” Chem. – An 

Asian J., (2025). doi:10.1002/asia.202401805. 

93) A. Jaud, L.M. Palmares, A. Ravaux, A. Sekkat, D. 

Samélor, H. Vergnes, A.-C. Brulez, S. Benayoun, C. 

Vahlas, and B. Caussat, “Comparative analysis of 

structural characteristics and thermal insulation 

properties of zro2 thin films deposited via chemical 

and physical vapor phase processes,” Thin Solid 

Films, 805 140516 (2024). 

doi:10.1016/j.tsf.2024.140516. 

94) M. Ridley, K. Kane, and B. Pint, “Environmental 

barrier coatings on sic without a silicon bond coating: 

oxidation resistance, failure modes, and future 

improvements,” J. Korean Ceram. Soc., 61 (5) 800–

810 (2024). doi:10.1007/s43207-024-00386-w. 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1703 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



95) N.F. Lopes Dias, A.L. Meijer, C.P. Jäckel, A. Frisch, 

D. Biermann, and W. Tillmann, “Arc-enhanced glow 

discharge ion etching of wc-co cemented carbide for 

improved pvd thin film adhesion and asymmetric 

cutting edge preparation of micro milling tools,” Surf. 

Coatings Technol., 491 131166 (2024). 

doi:10.1016/j.surfcoat.2024.131166. 

96) Y. Zhang, G. Chen, J. Sun, X. Shi, N. Li, and H. Li, 

“Atomic simulation and experimental: oxidation 

protective sic coating produced by chemical vapor 

deposition and pack cementation for carbon/carbon 

composites,” Surfaces and Interfaces, 46 104170 

(2024). doi:10.1016/j.surfin.2024.104170. 

97) C. Skjöldebrand, H. Engqvist, C. Persson, and B.J. 

McEntire, “Silicon Nitride Coatings and Biologic 

Applications,” in: Silicon Nitride Bioceram., 

Springer International Publishing, Cham, 2024: pp. 

237–259. doi:10.1007/978-3-031-67047-3_8. 

98) Q. Song, H. Gao, L. Cheng, W.L. Mitchell, M. Zhu, 

and Y. Mao, “Emerging initiated chemical vapor 

deposition nanocoatings for sustainable food and 

agriculture,” J. Agric. Food Chem., 73 (11) 6442–

6455 (2025). doi:10.1021/acs.jafc.5c01820. 

99) S.Y. Baek, J. Park, T. Koh, D. Kim, J. Woo, J. Jung, 

S.J. Park, C. Lee, and C. Choi, “Achievement of 

green and sustainable cvd through process, 

equipment and systematic optimization in 

semiconductor fabrication,” Int. J. Precis. Eng. 

Manuf. Technol., 11 (4) 1295–1316 (2024). 

doi:10.1007/s40684-024-00606-y. 

100) T.I. Awan, S. Afsheen, and S. Kausar, “Chemical 

Vapor Deposition Technique,” in: Thin Film Depos. 

Tech., Springer Nature Singapore, Singapore, 2025: 

pp. 65–96. doi:10.1007/978-981-96-1364-9_3. 

101) R. Kakitani, R. V. Reyes, A. Garcia, J.E. Spinelli, and 

N. Cheung, “Relationship between spacing of 

eutectic colonies and tensile properties of transient 

directionally solidified al-ni eutectic alloy,” J. Alloys 

Compd., 733 59–68 (2018). 

doi:10.1016/j.jallcom.2017.10.288. 

102) H.M. Najm, and S. Ahmad, “The effect of metallic 

and non-metallic fiber on the mechanical properties 

of waste ceramic concrete,” Innov. Infrastruct. Solut., 

6 (4) 204 (2021). doi:10.1007/s41062-021-00571-4. 

103) Z. Zhang, Y. Feng, W. Li, X. Liu, X. Zhang, Y. 

Huang, K. Zhang, and C. Wan, “Stiff and ductile 3d-

architectured metal/ceramic composites,” Compos. 

Part A Appl. Sci. Manuf., 108904 (2025). 

doi:10.1016/j.compositesa.2025.108904. 

104) S. Khelge, V. Kumar, V. Shetty, and Kumaraswamy 

J, “Effect of reinforcement particles on the 

mechanical and wear properties of aluminium alloy 

composites: review,” Mater. Today Proc., 52 571–

576 (2022). doi:10.1016/j.matpr.2021.09.525. 

105) M.S. Kumar, M. Vasumathi, S.R. Begum, S.M. 

Luminita, S. Vlase, and C.I. Pruncu, “Influence of 

b4c and industrial waste fly ash reinforcement 

particles on the micro structural characteristics and 

mechanical behavior of aluminium (al–mg–si-t6) 

hybrid metal matrix composite,” J. Mater. Res. 

Technol., 15 1201–1216 (2021). 

doi:10.1016/j.jmrt.2021.08.149. 

106) H. Chen, G. Mi, P. Li, and C. Cao, “Excellent high-

temperature strength and ductility of graphene oxide 

reinforced high-temperature titanium alloy matrix 

composite fabricated by hot isostatic pressing and 

heat treatment,” Compos. Commun., 30 101077 

(2022). doi:10.1016/j.coco.2022.101077. 

107) F. Luo, X. Jiang, H. Sun, D. Mo, Y. Zhang, R. Shu, 

and L. Xue, “Microstructures, mechanical and 

thermal properties of diamonds and graphene hybrid 

reinforced laminated cu matrix composites by 

vacuum hot pressing,” Vacuum, 207 111610 (2023). 

doi:10.1016/j.vacuum.2022.111610. 

108) M. Zhai, F. Zhang, X. Chen, Y. Lin, M. Zhu, H. Tang, 

and Y. Zhou, “Preparation and characterization of 

nanodiamond reinforced aluminum matrix 

composites by hot-press sintering,” Diam. Relat. 

Mater., 120 108664 (2021). 

doi:10.1016/j.diamond.2021.108664. 

109) G.F. Aynalem, “Processing methods and mechanical 

properties of aluminium matrix composites,” Adv. 

Mater. Sci. Eng., 2020 (1) (2020). 

doi:10.1155/2020/3765791. 

110) Z. Liu, Z. Luo, Y. Feng, X. Zhang, J. Yang, and T. 

Huang, “Comparative study on microstructure 

evolution, mechanical properties, and wear behavior 

of tic and b4c single-reinforced and hybrid-

reinforced al–mg–si alloys by vacuum hot-press 

sintering,” J. Mater. Res. Technol., 31 2063–2076 

(2024). doi:10.1016/j.jmrt.2024.06.225. 

111) L. Nisar, A. Maqbool, N.Z. Khan, A. Gull, and A.N. 

Siddiquee, “Enhancing ductility, strength, and 

hardness of we43 mg alloy-based metal matrix 

composite fabricated via friction stir processing: 

effect of hybrid reinforcement and volume 

percentage,” Mater. Chem. Phys., 323 129620 (2024). 

doi:10.1016/j.matchemphys.2024.129620. 

112) Z.J. Wang, Z. Zheng, and M.W. Fu, “Aluminum 

matrix composites: structural design and 

microstructure evolution in the deformation process,” 

J. Mater. Res. Technol., 30 3724–3754 (2024). 

doi:10.1016/j.jmrt.2024.03.237. 

113) X. Yang, Y. Pan, Z. Fan, S. Xie, J. Zhang, Y. Du, F. 

Luo, and L. Huang, “Effects of bonding temperature 

on mechanical properties and interfacial morphology 

of yg8/40cr joints fabricated using sps diffusion 

bonding,” Int. J. Refract. Met. Hard Mater., 119 

106546 (2024). doi:10.1016/j.ijrmhm.2023.106546. 

114) A.U. Patwari, S.A. Bhuiyan, K. Noman, and W. Ul 

Research Status and Development of Aluminium Matrix Composite: State of the Art

- 1704 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



Navid, “Defects and remedies in casting processes: a 

combinatorial approach between manual and digital 

optimization technique for enhanced quality casting,” 

Discov. Mech. Eng., 3 (1) 39 (2024). 

doi:10.1007/s44245-024-00067-2. 

115) S.A. Mali, Amol, Sonawane, and S. Dombale, 

“Effect of hybrid reinforcement on mechanical 

behavior of aluminium matrix composite,” Int. J. Eng. 

Res. Technol., 4 (1) 130–133 (2015). 

116) N. Ahmad, M. Verma, M. Nagaral, and S. Kachhap, 

“Microstructural characteristics and wear properties 

of si3n4/ zro2 reinforced al7055 alloy t6 heat treated 

metal matrix composites,” Interactions, 245 (1) 310 

(2024). doi:10.1007/s10751-024-02138-y. 

117) J. Zhang, X. Zhang, M. Qian, and L. Geng, “Nacre-

like hybrid aluminum-matrix composite with 

simultaneously enhanced strength and toughness,” 

Compos. Part A Appl. Sci. Manuf., 187 108480 

(2024). doi:10.1016/j.compositesa.2024.108480. 

118) M. Müller, L. Schneider, N. Bohn, J.R. Binder, and 

W. Bauer, “Effect of nanostructured and open-porous 

particle morphology on electrode processing and 

electrochemical performance of li-ion batteries,” 

ACS Appl. Energy Mater., 4 (2) 1993–2003 (2021). 

doi:10.1021/acsaem.0c03187. 

119) A. Canakci, F. Arslan, and T. Varol, “Effect of 

volume fraction and size of b 4 c particles on 

production and microstructure properties of b 4 c 

reinforced aluminium alloy composites,” Mater. Sci. 

Technol., 29 (8) 954–960 (2013). 

doi:10.1179/1743284713Y.0000000232. 

120) J. Singh, and A. Chauhan, “Overview of wear 

performance of aluminium matrix composites 

reinforced with ceramic materials under the influence 

of controllable variables,” Ceram. Int., 42 (1) 56–81 

(2016). doi:10.1016/j.ceramint.2015.08.150. 

121) A. Thirumoorthy, T.V. Arjunan, and K.L. Senthil 

Kumar, “Latest research development in aluminum 

matrix with particulate reinforcement composites – a 

review,” Mater. Today Proc., 5 (1) 1657–1665 (2018). 

doi:10.1016/j.matpr.2017.11.260. 

122) G.B.V. Kumar, C.S.P. Rao, N. Selvaraj, and M.S. 

Bhagyashekar, “Studies on al6061-sic and al7075-

al&amp;lt;sub&amp;gt;2&amp;lt;/sub&amp;gt;o&a

mp;lt;sub&amp;gt;3&amp;lt;/sub&amp;gt; metal 

matrix composites,” J. Miner. Mater. Charact. Eng., 

09 (01) 43–55 (2010). 

doi:10.4236/jmmce.2010.91004. 

123) R. Sekhar, and T.P. Singh, “Mechanisms in turning 

of metal matrix composites: a review,” J. Mater. Res. 

Technol., 4 (2) 197–207 (2015). 

doi:10.1016/j.jmrt.2014.10.013. 

124) R.L. Deuis, C. Subramanian, and J.M. Yellup, “Dry 

sliding wear of aluminium composites—a review,” 

Compos. Sci. Technol., 57 (4) 415–435 (1997). 

doi:10.1016/S0266-3538(96)00167-4. 

125) F.M. Hosking, F.F. Portillo, R. Wunderlin, and R. 

Mehrabian, “Composites of aluminium alloys: 

fabrication and wear behaviour,” J. Mater. Sci., 17 (2) 

477–498 (1982). doi:10.1007/BF00591483. 

126) D. Roy, B. Basu, and A. Basu Mallick, “Tribological 

properties of ti-aluminide reinforced al-based in situ 

metal matrix composite,” Intermetallics, 13 (7) 733–

740 (2005). doi:10.1016/j.intermet.2004.11.005. 

127) A.T. Alpas, and J. Zhang, “Effect of sic particulate 

reinforcement on the dry sliding wear of aluminium-

silicon alloys (a356),” Wear, 155 (1) 83–104 (1992). 

doi:10.1016/0043-1648(92)90111-K. 

128) M.D. Kulkarni, P.S. Robi, R.C. Prasad, and P. 

Ramakrishnan, “Deformation and fracture behavior 

of cast and extruded 7075al-sicp composites at room 

and elevated temperatures,” Mater. Trans. JIM, 37 (3) 

223–229 (1996). doi:10.2320/matertrans1989.37.223. 

129) X.W. Yin, L.F. Cheng, L.T. Zhang, N. Travitzky, and 

P. Greil, “Fibre-reinforced multifunctional sic matrix 

composite materials,” Int. Mater. Rev., 62 (3) 117–

172 (2017). doi:10.1080/09506608.2016.1213939. 

130) O. Yücel, and A. Tekin, “The fabrication of boron 

carbide-aluminium composites by explosive 

consolidation,” Ceram. Int., 23 (2) 149–152 (1997). 

doi:10.1016/S0272-8842(96)00014-4. 

131) G.S. M.C, J.P. Ka, R. Shettya, A. Kinia, and and S. 

S., “Individual and combined effect of 

reinforcements on stir cast aluminium metal matrix 

composites-a review,” Int. J. Curr. Eng. Technol., 3 

(3) 922–934 (2013). 

132) D.K. Dwivedi, “Adhesive wear behaviour of cast 

aluminium–silicon alloys: overview,” Mater. Des., 

31 (5) 2517–2531 (2010). 

doi:10.1016/j.matdes.2009.11.038. 

133) Y. Wang, and T. Monetta, “Systematic study of 

preparation technology, microstructure 

characteristics and mechanical behaviors for sic 

particle-reinforced metal matrix composites,” J. 

Mater. Res. Technol., 25 7470–7497 (2023). 

doi:10.1016/j.jmrt.2023.07.145. 

134) T. Dursun, and C. Soutis, “Recent developments in 

advanced aircraft aluminium alloys,” Mater. Des., 56 

862–871 (2014). doi:10.1016/j.matdes.2013.12.002. 

135) K.R. Kumar, K.M. Mohanasundaram, G. 

Arumaikkannu, R. Subramanian, and B. Anandavel, 

“Influence of particle size on dry sliding friction and 

wear behavior of fly ash particle - reinforced a 380 al 

matrix composites,” Eur. J. Sci. Res., 60 (3) 428–438 

(2011). 

136) B. Zahmatkesh, and M.H. Enayati, “A novel 

approach for development of surface nanocomposite 

by friction stir processing,” Mater. Sci. Eng. A, 527 

(24–25) 6734–6740 (2010). 

doi:10.1016/j.msea.2010.07.024. 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1705 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



137) M. Parchovianský, J. Balko, P. Švančárek, J. 

Sedláček, J. Dusza, F. Lofaj, and D. Galusek, 

“Mechanical properties and sliding wear behaviour 

of al2o3-sic nanocomposites with 3–20 vol% sic,” J. 

Eur. Ceram. Soc., 37 (14) 4297–4306 (2017). 

doi:10.1016/j.jeurceramsoc.2017.04.051. 

138) F. Tang, X. Wu, S. Ge, J. Ye, H. Zhu, M. Hagiwara, 

and J.M. Schoenung, “Dry sliding friction and wear 

properties of b4c particulate-reinforced al-5083 

matrix composites,” Wear, 264 (7–8) 555–561 

(2008). doi:10.1016/j.wear.2007.04.006. 

139) S. Basavarajappa, G. Chandramohan, and J. Paulo 

Davim, “Application of taguchi techniques to study 

dry sliding wear behaviour of metal matrix 

composites,” Mater. Des., 28 (4) 1393–1398 (2007). 

doi:10.1016/j.matdes.2006.01.006. 

140) N.C. Kaushik, and R.N. Rao, “The effect of wear 

parameters and heat treatment on two body abrasive 

wear of al–sic–gr hybrid composites,” Tribol. Int., 96 

184–190 (2016). doi:10.1016/j.triboint.2015.12.045. 

141) S. Bla`a, B. Miroslav, N. Miloradovic, and S. 

Mitrovic, “TRIBOLOGICAL behaviour of 

a356/10sic/3gr hybridcomposite in dry-sliding 

conditions,” Mater. Technol., 49 (1) 117–121 (2015). 

142) V.C. Uvaraja, and N. Natarajan, “Tribological 

characterization of stir-cast hybrid composite 

aluminium 6061 reinforced with sic and b4c 

particulates,” Eur. J. Sci. Res., 76 (4) 539–552 (2012). 

143) K. Umanath, S.T. Selvamani, K. Palanikumar, and R. 

Sabarikreeshwaran, “Dry sliding wear behaviour of 

aa6061-t6 reinforced sic and al2o3 particulate hybrid 

composites,” Procedia Eng., 97 694–702 (2014). 

doi:10.1016/j.proeng.2014.12.299. 

144) R. Dasgupta, “Aluminium alloy-based metal matrix 

composites: a potential material for wear resistant 

applications,” ISRN Metall., 2012 1–14 (2012). 

doi:10.5402/2012/594573. 

145) G.B.V. Kumar, C.S.P. Rao, and N. Selvaraj, 

“Mechanical and tribological behavior of particulate 

reinforced aluminum metal matrix composites – a 

review,” Sci. J., 10 (1) 60–91 (2011). 

146) K.R. Gopi, K.N. Mohandas, H.N. Reddappa, and 

M.R. Ramesh, “Characterization of as cast and heat 

treated aluminum 6061/zircon sand/graphite 

particulate hybrid composites,” Int. J. Eng. Adv. 

Technol., 2 (5) 340–344 (2013). 

147) M.N. Ali, J.J.C. Busfield, and I.U. Rehman, “Auxetic 

oesophageal stents: structure and mechanical 

properties,” J. Mater. Sci. Mater. Med., 25 (2) 527–

553 (2014). doi:10.1007/s10856-013-5067-2. 

148) P.M. Singh, and J.J. Lewandowski, “Effects of heat 

treatment and reinforcement size on reinforcement 

fracture during tension testing of a sicp 

discontinuously reinforced aluminum alloy,” Metall. 

Trans. A, 24 (11) 2531–2543 (1993). 

doi:10.1007/BF02646532. 

149) R. Chen, A. Iwabuchi, T. Shimizu, H.S. Shin, and H. 

Mifune, “The sliding wear resistance behavior of nial 

and sic particles reinforced aluminium alloy matrix 

composites,” Wear, 213 (1–2) 175–184 (1997). 

doi:10.1016/S0043-1648(97)00123-3. 

150) K. KALAISELVAN, and N. MURUGAN, “Role of 

friction stir welding parameters on tensile strength of 

aa6061–b4c composite joints,” Trans. Nonferrous 

Met. Soc. China, 23 (3) 616–624 (2013). 

doi:10.1016/S1003-6326(13)62507-8. 

151) J.R. Gomes, A. Ramalho, M.C. Gaspar, and S.F. 

Carvalho, “Reciprocating wear tests of al–si/sicp 

composites: a study of the effect of stroke length,” 

Wear, 259 (1–6) 545–552 (2005). 

doi:10.1016/j.wear.2005.02.088. 

152) M. V. Ravichandran, K.R. Prasad, and Dwarakadasa, 

E. S., “Fracture toughness evaluation of aluminium 

4% $ m_g-ai_20_3 $ liquid-metallurgy particle 

composite,” J. Mater. Sci. Lett., 11 (8) 452–456 

(1992). 

153) N. Chawla, and Y.-L. Shen, “Mechanical behavior of 

particle reinforced metal matrix composites,” Adv. 

Eng. Mater., 3 (6) 357–370 (2001). 

doi:10.1002/1527-2648(200106)3:6<357::AID-

ADEM357>3.0.CO;2-I. 

154) Y. Xiao-dong, W.Y.- Wei, and W. Fu-chi, “Effect of 

particle size on mechanical properties of sicp/5210 al 

metal matrix composite,” Tranformation Nonferrous 

Mater. Soc. China, 17 276–279 (2007). 

155) Z. Gnjidić, D. Boz̆ić, and M. Mitkov, “The influence 

of sic particles on the compressive properties of metal 

matrix composites,” Mater. Charact., 47 (2) 129–138 

(2001). doi:10.1016/S1044-5803(01)00161-9. 

156) J. Oñoro, M.D. Salvador, and L.E.G. Cambronero, 

“High-temperature mechanical properties of 

aluminium alloys reinforced with boron carbide 

particles,” Mater. Sci. Eng. A, 499 (1–2) 421–426 

(2009). doi:10.1016/j.msea.2008.09.013. 

157) G.K. U., S.R.K. V., and V. B., “EFFECT of boron 

carbide reinforcement on aluminium 

matrixcomposites,” Int. J. Metall. Mater. Eng., 3 (1) 

41–48 (2013). 

158) S.F. Corbin, and D.S. Wilkinson, “The influence of 

particle distribution on the mechanical response of a 

particulate metal matrix composite,” Acta Metall. 

Mater., 42 (4) 1311–1318 (1994). doi:10.1016/0956-

7151(94)90147-3. 

159) A.R.K. Swamy, R. A., G.B.V. Kumar, and J.N. 

Prakash, “Effect of particulate reinforcements on the 

mechanical properties of al6061-wc and al6061-gr 

mmcs,” J. Miner. Mater. Charact. Eng., 10 (12) 

1141–1152 (2011). 

160) S. Veličković, B. Stojanović, L. Ivanović, S. 

Miladinović, and S. Milojević, “APPLICATION of 

Research Status and Development of Aluminium Matrix Composite: State of the Art

- 1706 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



nanocomposites in the automotive industry,” Mobil. 

Veh. Mech., 45 (3) 51–64 (2019). 

doi:10.24874/mvm.2019.45.03.05. 

161) S.T. Mavhungu, E.T. Akinlabi, M.A. Onitiri, and 

F.M. Varachia, “Aluminum matrix composites for 

industrial use: advances and trends,” Procedia 

Manuf., 7 178–182 (2017). 

doi:10.1016/j.promfg.2016.12.045. 

162) A. Miranda, N. Barekar, and B.J. McKay, 

“MWCNTs and their use in al-mmcs for ultra-high 

thermal conductivity applications: a review,” J. 

Alloys Compd., 774 820–840 (2019). 

doi:10.1016/j.jallcom.2018.09.202. 

163) G. Sumithra, R.N. Reddy, G. Dheeraj Kumar, S. Ojha, 

G. Jayachandra, and G. Raghavendra, “Review on 

composite classification, manufacturing, and 

applications,” Mater. Today Proc., (2023). 

doi:10.1016/j.matpr.2023.04.637. 

164) N. V. David, X.-L. Gao, and J.Q. Zheng, “Ballistic 

resistant body armor: contemporary and prospective 

materials and related protection mechanisms,” Appl. 

Mech. Rev., 62 (5) (2009). doi:10.1115/1.3124644. 

165) W.J. Hawkins, M. Herrmann, T.J. Ibell, B. Kromoser, 

A. Michaelski, J.J. Orr, R. Pedreschi, A. Pronk, H.R. 

Schipper, P. Shepherd, D. Veenendaal, R. 

Wansdronk, and M. West, “Flexible formwork 

technologies – a state of the art review,” Struct. 

Concr., 17 (6) 911–935 (2016). 

doi:10.1002/suco.201600117. 

166) P. Dev Srivyas, and M.S. Charoo, “Application of 

hybrid aluminum matrix composite in automotive 

industry,” Mater. Today Proc., 18 3189–3200 (2019). 

doi:10.1016/j.matpr.2019.07.195. 

167) C.K. Arvinda Pandian, N. Balaji, K. Seeniappan, L. 

Natrayan, R. Maranan, and D. Ravi, “Advancements 

in Lightweight Composite Materials for Enhancing 

the Structural Integrity of Automotive Component,” 

in: 2025. doi:10.4271/2025-01-5005. 

168) K. Lee, J. Flinn, T.J. Giuli, B. Noble, and C. Peplin, 

“AMC,” in: Proceeding 11th Annu. Int. Conf. Mob. 

Syst. Appl. Serv., ACM, New York, NY, USA, 2013: 

pp. 1–12. doi:10.1145/2462456.2464459. 

169) D.S.S.P. Kumar, and R. Sankaranarayanan, 

“Reinforcements and processing of aluminium 

matrix composites for automotive and aerospace 

applications,” in: 2024: p. 030013. 

doi:10.1063/5.0225630. 

170) S. Simões, “Aluminum Matrix Composites in the 

Aerospace Sector,” in: Alum. Technol. Aerosp. Appl., 

Springer Nature Switzerland, Cham, 2025: pp. 15–44. 

doi:10.1007/978-3-031-82447-0_2. 

171) S.K. Sharma, S. Gajević, L.K. Sharma, R. Pradhan, 

Y. Sharma, I. Miletić, and B. Stojanović, “Progress 

in aluminum-based composites prepared by stir 

casting: mechanical and tribological properties for 

automotive, aerospace, and military applications,” 

Lubricants, 12 (12) 421 (2024). 

doi:10.3390/lubricants12120421. 

172) X. Yan, X. Zhong, H.-C. Wu, P. Yang, Q. Wang, and 

Y. Chen, “Automatic composite-modulation 

classification using cyclic-paw-print features for 

cognitive aerospace communications,” IEEE Trans. 

Commun., 72 (9) 5486–5502 (2024). 

doi:10.1109/TCOMM.2024.3388509. 

173) S. Nambiar S., K. B. M., S. Sharma, G. Anne, P. 

Agarwal, T. Agrawal, S. Adiga, and V. Chickkannan, 

“Mechanical and microstructural analysis of cobalt 

coated cnt/al2024 reinforced aluminum based 

composites for aerospace and automotive 

applications,” Cogent Eng., 11 (1) (2024). 

doi:10.1080/23311916.2024.2436642. 

174) C. Mundayadan Chandroth, J. Vishnu, B. Saleh, K.R. 

Ananthakrishnan, D. Narayan A, A.R. Kurup, S. S, 

and K. V. Shankar, “Microstructural modification, 

mechanical properties, and wear behaviour of aged 

al–si–mg/si3n4 composites for aerospace 

applications,” Int. J. Light. Mater. Manuf., 8 (1) 38–

52 (2025). doi:10.1016/j.ijlmm.2024.07.005. 

175) V. Singh, M. Khodadadi, M. Khalily, R. Tafazolli, 

and A.A. Kishk, “AMC-based miniaturized 

waveguide with reconfigurable pass-bands below 

cut-off frequency and quasi-tem mode,” IEEE Open 

J. Antennas Propag., 6 (2) 393–404 (2025). 

doi:10.1109/OJAP.2024.3506921. 

176) K. Godbole, B. Bhushan, S.V.S. Narayana Murty, 

and K. Mondal, “Al-si controlled expansion alloys 

for electronic packaging applications,” Prog. Mater. 

Sci., 144 101268 (2024). 

doi:10.1016/j.pmatsci.2024.101268. 

177) S. Patel, and A. Arora, “Friction stir channeling in 

heat sink applications: innovative manufacturing 

approaches and performance evaluation,” Machines, 

12 (7) 494 (2024). doi:10.3390/machines12070494. 

178) T. Yu, “Flexible Electronic Encapsulation,” in: Flex. 

Electron. Packag. Encapsulation Technol., Wiley, 

2024: pp. 157–178. doi:10.1002/9783527845729.ch5. 

179) E.C. Tsirogiannis, E. Daskalakis, C. Vogiatzis, F. 

Psarommatis, and P. Bartolo, “Advanced composite 

armor protection systems for military vehicles: 

design methodology, ballistic testing, and 

comparison,” Compos. Sci. Technol., 251 110486 

(2024). doi:10.1016/j.compscitech.2024.110486. 

180) M.S. Selim, S.A. El-Safty, M.A. Shenashen, and A. 

Elmarakbi, “Advances in polymer/inorganic 

nanocomposite fabrics for lightweight and high-

strength armor and ballistic-proof materials,” Chem. 

Eng. J., 493 152422 (2024). 

doi:10.1016/j.cej.2024.152422. 

181) D.S. Bag, A. Kumar, J.K. Bansiwal, G. Lal, D.N. 

Tripathi, and E.P. Namburi, “Polymer Matrix 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1707 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



Composites (PMCs) for Defence Applications,” in: 

2024: pp. 1–37. doi:10.1007/978-981-99-9795-4_1. 

182) A.A. Materials, “This electronic thesis or dissertation 

has been downloaded from the university of bristol 

research developing functionally graded ceramic / 

polymer and ceramic / metal composites for 

advanced armour materials,” (n.d.). 

183) D.H. Elgohary, “Technological aspects of body 

armour textiles for ballistic protection application,” J. 

Text. Inst., 116 (4) 535–549 (2025). 

doi:10.1080/00405000.2024.2343162. 

184) M. Rajanish, B.G. Avilasha, P.P. Katti, M. V. 

Ashwini, T.A. Sudarshan, T.C. Anantha 

Padmanabham, G. Veeresha, P. Nagaraj, T. Hemanth 

Raju, and S. Udayashankar, “Microstructure, 

hardness and wear study of al7075-b4c metal matrix 

composites,” J. Inst. Eng. Ser. D, (2024). 

doi:10.1007/s40033-024-00793-7. 

185) S. Chen, “Advancements in surface treatments for 

aluminum alloys in sports equipment,” Rev. Adv. 

Mater. Sci., 63 (1) (2024). doi:10.1515/rams-2024-

0065. 

186) K.N. Bharath, A.G. Joshi, A. Taj, P.S.S. Gouda, and 

M. Nagamadhu, “Evolution and recent advancements 

of composite materials in sports applications,” in: 

Appl. Compos. Mater. Eng., Elsevier, 2025: pp. 219–

228. doi:10.1016/B978-0-443-13989-5.00009-7. 

187) M. Dahiya, V. Khanna, and N. Gupta, “Review—

computational studies of graphene reinforced 

nanocomposites: techniques, parameters, and future 

perspectives,” ECS J. Solid State Sci. Technol., 13 

(6) 061005 (2024). doi:10.1149/2162-8777/ad537a. 

188) P. Shadan, P. Sharafi, and N. Saeed, “Blast response 

and protection level of concrete composite wall 

panels made with recycled tyre fibres in a cement 

matrix,” Constr. Build. Mater., 451 138866 (2024). 

doi:10.1016/j.conbuildmat.2024.138866. 

189) E. Şimşir, “Study of impact behavior of glass-fiber-

reinforced aluminum composite sandwich panels at 

constant energy levels,” Coatings, 15 (3) 299 (2025). 

doi:10.3390/coatings15030299. 

190) T.-H. Cuong, J. Kim, J. Shin, D.H. Lee, S. Kim, and 

K. Lee, “Effects of fatigue behavior on the 

performance of composite uhpc panel under high and 

low-cycle wind loads,” Constr. Build. Mater., 456 

139188 (2024). 

doi:10.1016/j.conbuildmat.2024.139188. 

191) P. Giussani, A. D’Occhio, E.S. Mazzucchelli, and P. 

Rigone, “Innovative Building Envelopes with Fibre-

Reinforced Composite Materials: State of Art and 

Possible Integrations into Ventilated Façade 

Systems,” in: 2025: pp. 358–374. doi:10.1007/978-3-

031-71863-2_23. 

192) M. Ilunga, and A. Agarwal, “A finite-element-

analysis-based feasibility study for optimizing 

pantograph performance using aluminum metal 

matrix composites,” Processes, 12 (3) 445 (2024). 

doi:10.3390/pr12030445. 

193) A. Ulbricht, F. Zeidler, F. Bilkenroth, and S. 

Soltysiak, “Structural lightweight components for 

energy-efficient rail vehicles using high performance 

composite materials,” Transp. Res. Procedia, 72 

1685–1692 (2023). doi:10.1016/j.trpro.2023.11.641. 

194) X. Wang, Z. Liu, Y. Song, W. Jin, Z. Xu, J. Xiong, 

and S. Zhou, “Dynamic characteristics of electric 

shoegear and conductor rail system considering the 

track irregularities,” IEEE Trans. Instrum. Meas., 72 

1–13 (2023). doi:10.1109/TIM.2023.3293560. 

195) A. Hassan, K. Woloszyk, and P. Krata, “FRP-based 

reinforcement coatings of steel with application 

prospects in ships and offshore structures: a review,” 

Ships Offshore Struct., 1–15 (2024). 

doi:10.1080/17445302.2024.2356458. 

196) A. Kumar, and V. Rajagopalan, “Influence of 

geometric variations and stacking sequencing of a 

composite marine propeller,” Ocean Eng., 312 

119106 (2024). 

doi:10.1016/j.oceaneng.2024.119106. 

197) S. Baloda, and H. Kumar, “Tailoring Thermal and 

Mechanical Properties,” in: 2024: pp. 135–158. 

doi:10.4018/979-8-3693-3993-0.ch008. 

198) D.P. Singh, S. Saini, S. Avikal, and B. Prasad, “An 

mcdm-based approach for the selection of natural 

fiber for marine applications,” Prabha Mater. Sci. 

Lett., 4 (1) 96–106 (2024). 

doi:10.33889/PMSL.2025.4.1.009. 

199) L. Siriwardena, T. Stark, S. Lut, H.J. Wagner, M. 

Maierhofer, S. Bechert, J. Knippers, and A. Menges, 

“Joint Effort - A Material-Robot System for Fibrous 

Joints of Lightweight Timber Construction,” in: Proc. 

9th ACM Symp. Comput. Fabr., ACM, New York, 

NY, USA, 2024: pp. 1–20. 

doi:10.1145/3639473.3665791. 

200) F. Hussain, “Development of a lightweight and high 

strength underactuated lower limb robot exoskeleton 

for gait rehabilitation,” (October) (2023). 

201) K. Bingham, C. Zakrevski, and T. Deemyad, 

“Material, Torque, and Structural Study of a Foldable 

Robotic Arm for Aerial Drones,” in: Vol. 10 Mech. 

Solids, Struct. Fluids; Micro- Nano-Systems Eng. 

Packag., American Society of Mechanical Engineers, 

2024. doi:10.1115/IMECE2024-144816. 

202) M. Alshihabi, M. Ozkahraman, and M.Y. Kayacan, 

“Enhancing the reliability of a robotic arm through 

lightweighting and vibration control with modal 

analysis and topology optimization,” Mech. Based 

Des. Struct. Mach., 53 (3) 1950–1974 (2025). 

doi:10.1080/15397734.2024.2400207. 

203) T.S. Kumar, S. Shalini, J. Petrů, M.K. Mishra, N. 

Jeyaprakash, and K. Kalita, “Machine learning-

Research Status and Development of Aluminium Matrix Composite: State of the Art

- 1708 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.



driven analysis of erosion resistance in zrsio4/al2o3 

reinforced a356 hybrid composites: integration of 

cart algorithm with taguchi optimization,” J. Mater. 

Res. Technol., 36 157–172 (2025). 

doi:10.1016/j.jmrt.2025.03.107. 

204) A. Agarwal, and L. Mthembu, “Comparative analysis 

of boron-al metal matix composite and aluminum 

alloy in enhancing dynamic performance of vertical-

axis wind turbine,” Processes, 12 (10) 2288 (2024). 

doi:10.3390/pr12102288. 

 

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 03, pp. 1680-1709, September, 2025

- 1709 -

Cite: M. Deshwal, P. Kumar, "Research Status and Development of Aluminium Matrix
Composite: State of the Art". Evergreen, 12 (03) 1680-1709 (2025). https://doi.org/10.5109/7388858.


