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Abstract 

Aluminum is utilized extensively in the domains of aerospace, electronic technology, electric module 

packing, automotive body structure, solar and wind energy management, and so on because of its better 
potential for weight reduction. Strength of aluminum is very less so application is limited where high 

strength is needed. Aluminum alloy which have greater potential for weight reduction as well as high 
strength to weight ratio have ability to overcome these problem. Aluminum alloy have major application 

in aerospace, shipbuilding, and automotive industries, it is able to provide the greater mechanical 
characteristics needed by modern technologies but high wear rate and not able to withstand high 

temperature. So it is very necessary to reinforcement some nanomaterial which improve the overall 
characteristic of material. In this investigation a thorough summary of the recent development of 

nanomaterial and its effect on aluminum alloy is studies through powder metallurgy route. This study 

also contributes to the understanding of material behavior and supports the development of high-
performance aluminum alloys for innovative engineering solutions. 
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INTRODUCTION 

Metal matrix composites that are known as metal nanocomposites, are a type of cutting-edge 

materials which produce lightweight, high-strength composite materials using reinforcing particles [1]. 
Aluminum alloys have excellent strength-to-weight ratios and exceptional mechanical qualities, they 

are often lightweight and used extensively in the automotive, aerospace, aeronautical and electronics 
sectors [2]. Aluminum alloys can be made using additional alloying, heat treatment, thermomechanical 

processing, and extreme plastic deformation, among other methods, to improve their qualities. 
Furthermore, aluminum alloys have some drawbacks is their poor resistance to corrosion and abrasive 

wear [3]. Therefore, in order to reinforce aluminum 
and its alloy, various innovative techniques and 

materials are needed. These Al alloy limitations can 

be effectively addressed by using metal matrix 
composites which are made with aluminum alloy 

and supplemented with ceramic, intermetallic, or 
refractory material. 

 
Aluminum matrix composites are made of pure 

aluminum or an alloy of it, and because of their 
exceptional properties, they are being used more 

and more in industrial applications, applications 
related to mechanics, materials, and tribology. This 

resulted in the creation of Aluminum matrix 
composites that integrate a variety of reinforcement 

elements into a matrix made of every conceivable 
aluminum alloy in order to obtain unique desired 
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qualities. There are nine different kinds of aluminum, and four of them are referred to as heat treatable 

aluminum alloys because they can precipitately strengthen, improving their mechanical properties. [4, 
5].  

 
Copper, zinc, magnesium, and manganese are among the metals that are alloyed with aluminum to 

provide it with increased mechanical strength for specific uses. The aluminum alloys series is 
determined by the alloying components. The series categories that are feasible are 1xxx to 9xxx. There 
are two further categories for aluminum alloys: heat-treatable alloys and non-heat-treatable alloys. 
Alloys that can be heat-treated are those whose strength is increased through precipitation hardening 
[6]. The aluminum series 1xxx (Al), 2xxx (aluminum-copper), 3xxx (Al-Mn), 4xxx (Al-Si), 5xxx (Al-
Mg), 6xxx (aluminum-magnesium-silicon), and 7xxx (aluminum-zinc-magnesium) [7]. 

 
Heat treatable Al-alloys can have a reinforcing phase added to them to increase the overall strength 

of the composite and enhance its mechanical qualities even further. Typically Al-Alloy, metal matrix 
composites (MMC) are man-made materials consisting of two or more distinct phases: a secondary 
reinforcing phase and a continuous metallic component called the matrix. The reinforcement as fibers 
or particles in the secondary phase can be continuous or intermittent. An enhancement of the material's 
mechanical characteristics results from the introduction of this phase into the matrix [8]. In comparison 
to unreinforced alloys, metal matrix composites have better characteristics [9]. 

 
Compared to continuous fiber reinforced MMCs, the qualities of discontinuously reinforced 

aluminum MMCs with particles or short fibers are not as great; unless, these materials are more cost-
effective to produce since they are easier to construct and offer greater manufacturing flexibility [10,11]. 
The most important parameter that influence the metal matrix composites are its type, size, shape, and 
weight fractions. However, it has been observed on a regular basis that the manufacturing routes have 
a major impact on the last products [12]. 

 
Currently, metal matrix nanocomposites employ a broad range of reinforcing agents. With their 

diverse mechanical, chemical, and thermal properties, these nanomaterials which include carbides 
(B4C[13], SiC[14], TiC[15], WC[16]), oxides (TiO2[17], ZrO2[18], Al2O3[19]), and carbon-based 
nanomaterials (Graphene[20], CNT[21]) give unique qualities to their respective composites. 

 
Many review papers are available on fabrication of aluminum with reinforcement of micro and nano 

particles and their effect on mechanical and wear behavior but limited study was done on aluminum 
alloy based metal matrix nano-composites. In this paper we tried to review the fabrication process of 
aluminum alloy based composites with reinforcement of micro and nano particles. 

 
FABRICATION PROCESS 

Metal matric composites can be produced using a variety of manufacturing processes, each with 
unique benefits, drawbacks, and uses. When creating composites, manufacturing techniques are also 
helpful in determining the qualities and attributes that support application selection. Selection of the 
manufacturing method is based on a number of parameters, including component development, desired 
qualities, and material type. Metal matrix composites are typically produced using both liquid and solid 
state techniques. Solid state processing includes low temperature production techniques like as diffusion 
bonding and powder metallurgy. Strong interfacial reactions are avoided, and the undesirable 
counteraction connecting the reinforcement and matrix is managed by the powder metallurgy (PM) 
approach. Nevertheless, the procedure has limitations on scale and is costly. Moreover, certain 
drawbacks such as reinforcements breaking during powder metallurgy processing. 

 
Usually, both liquid and solid state methods are used to create MMCs. Stir casting, squeeze casting, 

spray coating, ultrasonic aided casting, and fragmented melt deposition are examples of liquid casting 

techniques. The process involves combining the reinforcing elements with the molten metal, filling the 
mold cavity with the absorbed solution, and then waiting for it to solidify [22-23]. Because stir casting 

is so affordable, it's always the best choice. Stir casting has several notable advantages. It's a more 
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flexible and straightforward approach than the others. Stir casting process is perfect for near-net form 

components and performs well in large volume production. Large material selection, excellent matrix–
particle bonding, simpler control over matrix structure, cheap processing costs, flexibility in large-scale 

manufacturing, and remarkable productivity for near-net-shaped components are just a few of the many 
noteworthy advantages of the stirring process. A few disadvantages of stir casting aluminum metal 

composites are low wettability and an uneven distribution of reinforcing material. [24]. The schematic 
diagram of stir casting is shown in Figure 1. 

 
Powder metallurgy and diffusion bonding are two examples of low temperature manufacturing 

techniques used in solid state processing. The study of processing metal powders, such as their creation, 
characterization, and transformation into functional engineering components, is known as powder 
metallurgy. It is a versatile manufacturing technique that can produce a large variety of novel materials, 
microstructures, and characteristics. Because powder metallurgy can produce complicated parts with 
close tolerances at a reasonable cost, it is a desirable manufacturing process. Significant interfacial 
reactions are prevented by the powder metallurgy method by regulating the undesirable counteraction 
that connects the reinforcement and matrix. However, the process is expensive and has scalability 
restrictions [25]. The flow chart to convert raw material into finished product is shown in Figure 2. The 
process involve to produced finished product from micro/nano powder are production of powder, 
mixing and blending of powder, compaction of powder and sintering of compacted specimen. Various 
process involved and its method are shown in Figure 3.  

 

 
Figure 1. Schematic diagram of stir casting technique [24]. 

 

 
Figure 2. Flow chart of converting raw materials to finished through powder metallurgy. 
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Figure 3. Process involved in powder metallurgy. 

 

Powder           ’  initial phase involves weighing the mixtures composition and preparing the 

powder that will be used as a component in the subsequent processing stages. For example, metal or 

metal alloy powders need to be blended with reinforcement.  

 

The next step involves compacting blended powders using either cold isostatic pressing or uniaxial 

pressing to create a "green form". Green form or the resulting green body, is around 80% dense. The 

green body is heated to the appropriate processing temperature in an inert atmosphere during the third 

step of sintering to create a sintered body. Generally, the theoretical density of the sintered body is 

100% [26]. Schematic diagram of spark plasma sintering is shown in Figure 4. 

 

REINFORCEMENT MATERIAL AND EFFECT ON MECHANICAL PROPERTIES 

Many fabrication techniques have been used to successfully reinforce different materials in an Al 

matrix, including B4C, TiC, Graphene, SiC, carbon nano-tube (CNT), Al2O3, ZrO2, boron carbide, and 

marble dust. The mechanical, wear, and thermal behavior of the created aluminum alloy composites are 

all greatly impacted by the addition of these additional constituents. Due to these materials advantages 

over other materials, Al2O3, SiC, and B4C are the most commonly utilized materials for reinforcement. 

Table 1 shows the summary of various aluminum alloy with reinforcement material, fabrication 

technique and effect on manufacturing properties. 
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Figure 4. Schematic diagram of spark plasma sintering. 

 

INFLUENCE OF NANOPARTICLE ON WEAR BEHAVIOR AND HIGH TEMPERATURE 

A wide variety of reinforcing agents are used in metal matrix nanocomposites nowadays. These 
particles can significantly enhance mechanical qualities, such as strength and resistance against 
abrasion, erosion, and other wear phenomena. Their composition varies, ranging from carbides to oxides 
to carbon-based compounds, etc. Their chemical and thermal properties give their composites unique 
characteristics. Wear behavior depend on various parameter such a load, velocity, weight reduction, and 
coefficients of friction and wear rate. By incorporating ceramics into aluminum matrix, hybrid 
composites with significantly better wear resistance than conventional aluminum alloys can be 
produced. The increased resistance to wear is critical in situations where mechanical components are 
subjected to rolling, sliding, or collision under high loads and temperatures [44,45]. Al2O3 is a 
commonly utilized ceramic reinforcement due to its exceptional mechanical and tribological 
characteristics. High degrees of hardness, thermal stability, and wear resistance are displayed by the 
material. Alumina can be employed in circumstances where it will be exposed to corrosive 
environments because of its beneficial chemical inertness. [46It provides a good compatibility in terms 
of coefficient of thermal expansion (CTE) with the aluminum matrix, which reduces the magnitude of 
thermal mismatch stresses. Because of its outstanding wear resistance, high hardness, and excellent 
thermal stability [47]. The material's increased melting point and capacity to maintain its mechanical 
properties at high temperatures demonstrate its remarkable resilience to thermal deterioration. SiC 
exhibits advantageous properties like a high heat conductivity and a low coefficient of friction. The 
material showed favorable compatibility with the aluminum matrix and chemical inertness. SiC is 
widely used in applications like brake systems and cutting tools where excellent wear resistance and 
thermal stability are crucial. Because of its unique properties, zirconia (ZrO2) is a ceramic reinforcement 
that is extensively used [48]. The material exhibits high hardness levels, excellent wear resistance, and 
remarkable thermal stability. Because of its remarkable fracture toughness, zirconia can endure cracking 
and breakage better than other materials. The substance is capable of going through a phase change 
from the monoclinic to the tetragonal or cubic phase, which will increase its toughness. Composites 
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based on zirconia have proven useful in many industrial applications, including as cutting tools, seals, 
and bearings. A ceramic substance known as titanium dioxide (TiB2) offers a special blend of 
outstanding hardness, great wear resistance, and noteworthy thermal stability. With a high melting point 
and remarkable thermal stability, the material can withstand high temperatures without losing its 
mechanical integrity. It is well known that TiB2 has favorable chemical inertness. It is widely used as a 
reinforcing agent in hybrid composites for a number of purposes, such as wear-resistant parts and high-
temperature cutting tools. With a high melting point and remarkable thermal stability, the material can 
withstand high temperatures without losing its mechanical integrity. It is well known that TiB2 has 
favorable chemical inertness. It is widely used as a reinforcing agent in hybrid composites for a number 
of purposes, such as wear-resistant parts and high-temperature cutting tools [49]. A ceramic 
reinforcement with remarkable lubricating qualities, low friction coefficients, and heat stability is called 
boron nitride (BN). Solid lubricants are often used in high-temperature tribological applications. It is 
crucial to recognize that the choice of ceramic reinforcement depends on the specific requirements of 
the tribological application, which include variables like temperature range, load conditions, and 
environmental elements [50]. To achieve specific tribological properties for a given application, other 
ceramic materials and their dispersion within the aluminum matrix might be investigated further. 
Ceramic composites like Boron Carbide (B4C) are well known for their remarkable hardness, 
outstanding wear resistance, and superior thermal stability. Compared to other materials, this one 
exhibits low friction coefficient and is renowned for its extraordinary hardness [51]. Since boron carbide 
is chemically inert, it offers significant protection against chemical deterioration in harsh environments. 
The material has a noticeable melting threshold and maintains its mechanical properties at high 
temperatures. In tribological applications involving high temperatures, boron carbide is a material that 
is commonly used. These applications cover, but are not limited to, wear-resistant components exposed 
to hostile environments, abrasive coatings, and cutting instruments. 
 

Table 1. Aluminum alloy, types of reinforcement, fabrication route and effect on manufacturing 

properties. 

Al Alloy Reinforcement Fabrication route Effect on manufacturing properties References 

Al 6061 B4C/BN Powder 

metallurgy 

Al2O3 particles make the top surface 

harder, which reduces erosion rate. It 

was discovered that erosion wear 

decreased as the weight percentage of 

B4C reinforcement increased. 

[27] 

Al 7075 SIC Powder 

metallurgy  

Al Alloy with 15% SiC have superior 

mechanical properties, have better 

hardness, toughness, and flexural 

strength. 

[28] 

Al 7076 Graphene titanium 

diboride particulate  

Pressure-less 

vacuum sintering 

process, Ball 

milling  

Al/10% TiB2/4% GNPs' wear 

resistance and microhardness 

enhanced by 71.3% and 17.6%, 

respectively. 

[29] 

Al 7075 ZrO2 Spark plasma 

sintering (SPS) 

Wear resistance improved, tensile 

strength, density, hardness, elongation, 

and wear rate have risen. Abrasive 

wear change to adhesive wear as the 

wear mechanism. 

[30] 

AA6061  Aluminium nitride 

,Aluminium oxide 

(Al2O3),silicon 

carbide  

Stir-casting 

method 

In comparison to the base alloy, the 

properties of density, hardness, impact 

strength, void content, flexural 

strength, and tensile strength were 

higher. 

[31] 

6005A T6 

Al alloy 

MSS powder with 

the TiC powder  

Circular 

oscillating laser 

TiC enhances wear resistance and the 

substrate's hardness by a  4.5–7.8% 

[32] 

AA6061 Marble dust Stir casting 5w% percent marble dust has good 

mechanical and sliding wear resistance 

qualities as compare to 3 and 7w% . 

[33] 
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AlSi10Mg 

powders  

Carbon nanotubes 

(NC7000) 10nm in 

diameter and 15nm 

in length 

Advanced powder 

processing (Mixed 

Ball-Milling 

technique) 

The mixed ball mill technology allows 

for the customization of the interfacial 

bonding structure despite the 

heterogeneous grain structure. 

[34] 

Al 

powder 

(30 μ ) 

Si size 2-3μ , 

CNT 10–50 μ  

length and 100–

150 nm of 

diameter. 

Powder 

metallurgy  

By adding of Sic  wettability of the 

Al/CNTs interface is increased and 

improved its interface bonding. 

[35] 

AA 5083 Boron carbide with 

particle size of 

3 µm  and titanium 

di boride  particle 

size of 2–3 µ  

both 99 % purity. 

Friction stir 

processing rout 

The composite with 75% TiB2 + 25% 

B4C hybrid reinforcement exhibits the 

highest mechanical performance. 

There is a hybrid reinforcement 

particles which are evenly dispersed 

throughout the stirring zone and free of 

micro flaws. 

[36] 

A356 SiC  (2% 4% and 

6% weight 

fraction) 

Stir casting Increase compressive strength. 6% 

SICp tensile strength increase by 4 % 

It has been noted that as the SiCp 

weight percentage in A356 increases, 

the impact strength and elongation 

property values droop. 

[37] 

Al7075  TIC (3%wt, 

6   %, and 9   %) 

Stir casting Process variables include stirrer time, 

rpm, and compressive strength, which 

was raised to 232 MPa while 

maintaining a 15-minute stirring 

duration and a 600 rpm stirring speed. 

[38] 

 Al6262 Al-0% Bagasse,Al-

2% Bagasse, Al-

5% Bagasse 

Stir casting Bagasse powder enhances the 

mechanical and tribological 

characteristics of the reinforced Al 

alloy because it is uniformly dispersed 

throughout the base metal. 

[39] 

AA7075 AA7075 with 2% 

TiC, AA7075 with 

4% TiC, AA7075 

with 2% TiC  + 2% 

MoS2, AA7075 

with 4% TiC 4% + 

2% MoS2 

Stir casting Enhanced machinability. In AA7075, 

discontinuous chips replace continuous 

sheared chips in terms of shape.  

The hard TiC component of composite 

contributes to their increased surface 

roughness compared to base AA7075. 

[40] 

AA 7075   20–60μ  SIC 

powder was 

obtained by ball 

milling  which are 

made of tungsten 

carbide and 

produce nano size 

particle with size 

of 30–80 nm 

Friction stir 

processing 

Poor mechanical and ductility, which 

are improved by friction stir casting, 

nano composites have greater 

corrosion resistance than micro 

composites due to their superior wear 

resistance, improved hardness, 

uniform SiC particle distribution, 

refined matrix grain size, and 

improved bonding between the 

particles and matrix. 

[41] 

AA5083  AA5083 powder 

(44 – 58 µm), 

µB4C(1-7) 

Powder 

mettalurgy  

Larger B4C particles were shown to 

accelerate abrasive wear, whereas 

AA5083 alloy with ultrafine grains 

was shown to increase hardness by 

56% and resist abrasive wear by 7%. 

[42] 

A6063 TIC Stir casting The maximum impact strength reduced 

by 31% and elongation of composites 

is also reduced to 35% by  increase the 

titanium carbide. Highest values for 

density, hardness, and tensile strength 

were 7.8%, 20%, and 19.55. 

[43] 
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CONCLUSIONS 

This research examines the wear characteristics of metal matrix nanocomposites, namely those that 

have lightweight metal matrices, such as aluminum, reinforced by a range of nanomaterials with a 

variety of reinforcement types, including carbon-based allotropes like carbon nanotubes (CNTs) and 

graphene, as well as oxides, carbides, nitrides. The effect of various reinforcing nano-particles on its 

physical properties of nanocomposites is studied. This paper presents the impact of several 

manufacturing and processing techniques, base material types, reinforcement types, metal matrix 

nanocomposites' sizes, and percentages. The suitability of hybrid composites made of aluminum and 

ceramic reinforcement for high-temperature tribological applications in automobile parts, aircraft 

systems, and manufacturing was examined. In key components such as gas turbines, bearings, seals, 

engine parts, brake systems, and cutting tools, composite materials present prospects for enhanced 

functionality, increased efficiency, and extended service life. 
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