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specific strength, specific stiffness, and wear resistance. 
Powder metallurgy (P/M) has emerged as a promising 
technique for fabricating MMCs, providing enhanced 
control over the material’s microstructure and properties. 
However, there are still several areas that warrant further 
research to fully exploit the potential of MMCs using 
P/M, such as optimising the dispersion of reinforcement 
particles within the matrix, improving wettability, and 
hence enhanced interfacial bonding between the matrix 
and reinforcement, and exploring novel reinforcement 
materials. Additionally, exploring the effects of processing 
parameters, such as sintering temperature and pressure on 
the final properties of MMCs, can open up new avenues for 
developing tailored composites with enhanced mechanical 
and thermal properties. The dispersion of reinforcement 
particles is a critical factor in determining the overall 
performance of MMCs, as it directly influences the 
transfer of load between the matrix and reinforcement. By 
optimising the dispersion, researchers can ensure a more 
uniform distribution of reinforcement particles, leading to 
improved mechanical properties and enhanced resistance 
to deformation. Moreover, improving the interfacial 
bonding between the matrix and reinforcement can further 
enhance the load transfer and prevent the occurrence of 
delamination or debonding at the interface. This can be 
achieved through various techniques, such as surface 
modification of reinforcement particles. One potentially 
practical, efficient as well as economically feasible way to 
manufacture both simple and complicated parts, is powder 
metallurgy (P/M). It has been demonstrated in recent times 
that the P/M technique, when used in place of traditional 
casting procedures, yields MMCs with ceramic particles 
serving as reinforcement [1–3]. MMCs based on powder 
metallurgy processing are now being selected and utilized 
for the progress of components in a range of industries 

Abstract Metal matrix composites (MMCs) synthesised 
through powder metallurgy (P/M) route have been 
extensively selected and utilized for the aerospace, 
automotive, petrochemical ordnance, and petroleum 
industries. P/M is an excellent process for creating parts 
with strong, hard, wear-resistant, and other desirable 
mechanical and tribological qualities. In comparison with 
other conventional processing techniques, P/M provides an 
ordered microstructure with better mechanical, tribological, 
and physical characteristics. Such desirable characteristics 
validate the adoption of the powder metallurgy as a 
favourable and economical process compared to other 
methods in a various industry, including automotive, 
aerospace, and even electronic components. It is well 
known and documented that engineered MMCs provide a 
superior strength-to-weight (σ/ρ) ratio. The present detailed 
review summarised an overview the processing of metal 
matrix composites using powder metallurgical route and 
opportunities for further research.
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Introduction

In recent times, MMCs, have generated a lot of interest due 
to their unique combination of properties, including high 
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like aerospace, automotive, and electronics [4]. Recently, 
additive manufacturing utilized P/M techniques [5]. In 
comparison with stir casting-based composites, powder 
metallurgy (P/M)-based composites exhibit a noticeable 
decrease in density and an increase in hardness together 
with a greater reduction in porosity. In contrast to traditional 
stir casting procedures, the P/M approach ensures that the 
reinforcements are evenly dispersed throughout the metal 
matrix [6]. In other words, the traditional casting method 
does not regulate a nearly uniform distribution of the 
reinforcing particles in the metal matrix, which frequently 
leads to inhomogeneous physical and mechanical properties 
of the selected composite material.

Bulk materials can be processed from metal or composite 
powders, which are made of both and metallic and non-
metallic constituents, by the process of powder metallurgy 
[7]. Currently, powder metallurgy finds extensive use in the 
domains of information, biology, new energy resources, 
electronics, aircraft, weapons, machinery, transportation, 
and the nuclear sector. The benefits of powder metallurgy 
include excellent stability, high precision, minimal energy 
and material consumption, and superior precision [8]. P/M 
is a type of near net forming technology that combines 
part forming with powder preparation to provide high-
performance products with minimal or no cutting [9]. P/M 
has been extensively utilized in the domains of mechanical 
production, the car industry, etc., because of its benefits, 
which include small energy consumption, include little (or 
negligible) pollution, excellent product performance, great 
precision, and stability, as well as close net forming [10, 
11]. The density of products is one of the key indicators 
used to assess P/M performance, so one of the primary 
areas of research in powder metallurgy is how to efficiently 
raise the density and produce high performing, reasonably 
priced parts. The following innovative powder metallurgy 
techniques and technologies are all available: high velocity 
compaction, spray deposition, injection moulding, warm 
compaction, dynamic magnetic compaction, mould wall 
lubrication technology, etc., that are available in recent years 
[12–18]. The issues with high performance, composite, and 
precision powder metallurgy materials have been partially 
resolved by the development of these technologies. It 
significantly broadens the application scope in the field. 
Using the powder metallurgy procedure, the matrix and 
reinforcement are combined to compact the material, which 
is then sintered to gain strength. The process of mechanical 
alloying forms reinforcement through component reactions. 
Stir casting is the most common and economical way 
to make MMC  composites [19–27].  P/M technique is 
considered to be more economical with involvement 
of minimum temperature during fabrication. This P/M 
approach makes it simple to produce many common 
geometrical pieces, resulting in cheaper mass production 

[28–30]. The P/M technique enhances the mechanical 
characteristics of the manufactured material because the 
reinforcement particles are well-mixed inside the matrix. 
It has been determined that the qualities of the composites 
processed by P/M technique are correlated with the quantity, 
kind, size, and surface type of reinforcement in nanoparticle 
form. Although MMCs are generally difficult to fabricate at 
the nanoscale, their properties are good in when processed 
by P/M [31, 32]. One effective way to prevent issues such 
as the wetting of the reinforcements in the matrix and the 
improper dispersion of the reinforcement in the matrix 
alloy is to use  the mechanical milling technique (MM) 
which produces very tiny particle sizes and a homogeneous 
distribution of reinforcing particles by preparing powder 
particles through ball impacts [33]. The P/M technique 
was used for producing the composite of pure aluminium 
(Al) reinforced with rice husk ash (RHA), and it was found 
that the effect of  P/M process parameters (compaction 
pressure, sintering time, and also sintering time) had an 
significant impact on the developed composite’s density, 
hardness, and volume loss [34]. In another investigation, 
cutting speed was used as a response parameter to study the 
cutting quality of Al-RHA Metal matrix Composite [35]. 
An efficient way to recycle materials based on aluminium 
is through powder metallurgy, which may also be used 
to make aluminium foam [36]. In P/M, as the material is 
subjected below the melting point there is limited loss due to 
oxidation and moreover the porosity level is easy to control. 
As product made through P/M route is of almost final 
form, there is minimal requirement for further secondary 
processing viz., machining [37, 38].

Considering all of this, the present report addresses the 
overview of MMCs fabrications using powder metallurgy 
processes, which is groundbreaking in both industrial and 
research fields.

Application of MMCs Made Through Powder 
Metallurgy

Benefits of P/M may be found in manufacturing of structural 
parts, tribological parts viz., heat and wear resistance parts, 
high contact pressure bearings, magnetic components. 
MMCs especially aluminium-based MMCs have lots of 
applications in automotive industry as well as variety of 
other industries [39]. MMCs based on magnesium are better 
suited for use in biomedical [40] industry. Through the 
process of powder metallurgy, composites based on metals, 
non-metals, and refractory metals can be processed. As 
products made from porous materials, such oil-impregnated 
bearing P/M may be manufactured by pressing powders into 
moulds, and these materials have good economic efficiency.
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Structural Parts: P/M products help advance green 
technology, facilitate the switch to hybrid electric vehicles, 
and reduce production costs by enabling parts to be made 
lighter whilst retaining strength and accuracy. Vehicle 
components like pulleys, valves, drivetrains, valve control 
systems designed with such materials enable to improve 
fuel efficiency.

Tribological Parts: The parts that are strongly subjected 
to abrasion and lubrication may be processed by P/M 
technique which are resistant to wear and tear and can 
withstand oil and high temperatures with ease. Utilising 
these goods lowers the expense of car maintenance. 
Innovations in recent times have made it possible for 
turbo-chargers to handle high temperatures and pressures 
whilst also being smaller and lighter.

Vehicle-related parts: A tried-and-tested method for 
producing high-strength gears is powder metallurgy. These 
gears are less expensive, there is too little waste material, 
and less energy is used in their production. Not much 
machine finishing is needed for them. These are lighter and 
produce less noise when operating. These gears may self-
lubricate by being impregnated with oil. But these parts 
have a negative effect too. The metal powder wears down 
quickly and is not as robust as steel. To be economical, 
these should be produced in big quantities.

Biomedical industries: MMCs made through powder 
metallurgy can be used to create bioimplants and other 
beneficial medical components. Through the right 
blending of reinforcing components, the various MMC 
manufacturing techniques also significantly improve 
its characteristics and made it ideal for a variety of 
applications.

Manufacturing or Fabrication Technique 
for MMCs Productions

Production of MMC can be done using a variety of 
fabrication processes. Fabrication methods for MMCs are 
liquid-state fabrication, solid-state and in-situ fabrication 
approaches. A number of fabrication techniques, such as 
spray co-deposition, infiltration, squeeze casting, and stir 
casting are available. During the solid-state processing, 
the reinforcement material is injected and fully mixed 
into the matrix. Solid-state powder metallurgy, spark 
plasma sintering, and friction stir processing (FSP) are 
some related fabrication techniques. Conventional casting 
and powder metallurgy approaches were widely adopted 
by most of the industries as well as for various research 
outcomes. Table  1 lists the various MMC production 
processes along with their benefits and drawbacks.

Factors Influencing Composite Fabrication 
Through Casting Process

Casting is considered as the fundamental and popular 
technique for processing of composites. It entails pouring 
a liquid substance typically molten plastic or metal into a 
mould, letting it solidify and take on the shape of the Mould. 
This method is renowned for its adaptability and capacity 
to produce intricate structures and forms. It is frequently 
utilized to manufacture different products and components 
in industries like construction, automotive, and aerospace. 
To obtain the desired casting, the reinforcement and molten 
metal are combined, then poured into a mould cavity and 
allowed to solidify. Numerous vehicle parts, including 
the engine block, brake rotors, piston, connecting rods, 
etc., are subject to this procedure. It was observed that 
several parameters, including temperature, stirring and 
holding times, along with the types, sizes and shapes of the 
reinforcements were vital to the creation and characteristics 
of MMCs [58]. Figure 1 displays the factors that impact 
casting quality.

Since the liquid-state method is simpler and less 
expensive, several businesses use it to manufacture MMCs. 
Typically, the casting procedure involves mixing molten 
metal directly with reinforced particles. However, casting 
techniques for composite fabrications have some drawbacks. 
These restrictions may have an impact on the viability 
and quality of composite parts manufactured by casting 
technique. Some drawbacks of casting process for MMCs 
fabrications are stated in Fig. 2.

Merits of Powder Metallurgy Route Over Casting 
for Fabrications of MMCs

Fabricating parts and components, including composites, can 
be done using two distinct manufacturing processes: casting 
and powder metallurgy. Every process has pros and cons, 
and the decision between them is based on the particular 
needs of the application. For composite fabrications, powder 
metallurgy has the following benefits over casting:

 1. Accurate composition control: By combining powders 
with various compositions in the right ratios, powder 
metallurgy enables accurate composition control over 
the material. This is especially helpful when creating 
composite materials using specialised material 
combinations to get the desired results.

 2. Homogeneous reinforcement distribution: In powder 
metallurgy, it is simpler to accomplish a homogeneous 
reinforcement material distribution in the matrix, such 
as fibres or particles. More consistent and predictable 
material qualities are the outcome of this.
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 3. Better mechanical properties: Hot isostatic pressing 
(HIP) and sintering are two powder metallurgy 
techniques that can give rise to better mechanical 
properties of composite materials, providing them with 
more strength, hardness, and resistance to wear.

 4. Near-net shape manufacturing: Powder metallurgy 
makes it possible to produce complicated composite 
products with tight tolerances at a lower cost by 
reducing the amount of machining and material waste.

 5. Customization and design f lexibility: Powder 
metallurgy is a viable option for specialised composite 
components that are suitable for certain applications 
since it allows for the design and manufacturing of 
intricate shapes and structures.

 6. Increased corrosion resistance: Powder metallurgy-
produced composite materials can be designed to have 

Table 1  Various MMC production processes along with their merits and demerits

Fabrication process Benefits Adverse benefits Uses References

Stirs casting Easy to use and appropriate for 
large quantities

Better properties must be 
induced by a secondary 
process and appropriate stir 
parameter control

Pump housing and cylinder 
heads

[41, 42]

Compo casting enhanced wettability and even 
dispersion

Porosity and parameter 
management are essential

Production of gears [43]

Rheo casting Porosity-free, complex part 
casting, well-finished surface, 
and strong wear resistance

Pricier Use of tribology in practise [44]

Squeeze casting Homogeneity is improved by 
less porosity and casting 
imperfections

Higher production costs as 
a result of more setup, 
restrictions on complicated 
shapes,

Fuel pipe, pump casing, engine 
block, connecting rod, and 
piston

[45]

Centrifugal casting Better mechanical strength, 
less porosity, as well as a 
denser grain structure over 
stir casting

Internal components could 
have certain flaws

Nozzles, braking rotors, and 
piston

[46]

Processing by friction stir outstanding strength, super 
plasticity, reduced porosity, 
and superior wear resistance 
in a fine-grain microstructure

The mechanics of the 
procedure are still unknown

transportation systems and 
aerospace

[47, 48]

Spark plasma sintering Compaction stage is also paired 
with uniform sintering

Suitable for basic symmetrical 
shapes

Costly procedure Transmission, arsenal and 
nozzle

[49, 50]

Vacuum sintering High productivity and uniform 
microstructure

Costly procedure since it 
requires suction chamber

Tiny drills and cutter tools [51]

Microwave sintering Low sintering temperature, 
quick heating rate, and low 
energy consumption

Only advantageous for 
materials possessing 
dielectric qualities

Biomedical [52–54]

Ultrasonic-assisted casting 
(UAC)

Due to its low wettability 
and strong propensity for 
nanoparticle clustering, the 
UAC method is effective at 
breaking up agglomeration 
formation

Flexible and economical for 
mass production

Nano composite [55–57]

Fig. 1  Factors influencing the stir casting method’s ability to create 
MMCs [59]
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increased corrosion resistance, which qualifies them 
for use in severe environments.

 7. Decreased porosity: When compared to some casting 
techniques, powder metallurgy processes can produce 
composites with reduced porosity, which improves 
their mechanical and physical qualities.

 8. Improved thermal and electrical properties Powder 
metallurgy is appropriate for applications where these 
features are crucial because it enables the introduction 
of materials with improved thermal or electrical 
conductivity into the composites.

 9. Production of small batches and prototypes: Powder 
metallurgy is a great method for producing small 
batches and prototypes, which makes it perfect for 
applications requiring a small number of composite 
components or for research and development.

 10. Environmental benefits: Because powder metallurgy 
uses recycled or scrap materials and generally produces 
less waste than some casting procedures, it can be more 
environmentally friendly. Usually, the temperature 
used is also not very high with limited emission of 
harmful gases.

Although powder metallurgy presents a number of 
benefits for composite fabrications, it is imperative to 
take into account the particular demands of the application 
as well as the trade-offs inherent in each process. For 
some composite fabrications, casting might still be the 
better option depending on the part geometry, cost, and 
availability of materials.

Demerits of Powder Metallurgy Route Over 
Casting for Fabrications MMCs

Every approach has benefits and drawbacks. Powder 
metallurgy has the following drawbacks over casting in 
composite fabrications:

1. Processing of bulk components: When it comes to 
crafting elaborate and complex designs, casting is more 
adaptable. Sintering and pressing are the usual processes 
used in powder metallurgy, which may limit the ability 
to process and manufacture bulk components.

2. Selection of materials: A greater variety of materials 
such as metals and alloys can be cast. There are 
fewer material possibilities available because powder 
metallurgy is mostly employed for metal and ceramic 
composites.

3. Size restrictions: Large or oversized components are 
typically less well suited for powder metallurgy since 
the pressing and sintering process can be difficult and 
can result in problems like uneven density or cracking.

4. Porousness: Because there are spaces between the 
powder particles, porosity is a common problem in 
powder metallurgy. This may have a detrimental effect 
on the composite’s mechanical qualities.

5. Price: Compared to casting, powder metallurgy is less 
economical for small production runs or simple items 
because of the high cost of the equipment and tools 
needed.

6. High gloss finish: Compared to powder metallurgy 
components, which could need extra finishing 
procedures like machining or grinding, cast parts 
frequently have a better surface finish.

7. Variability in density: It can be difficult to achieve equal 
density across a powder metallurgy composite, which 
can lead to differences in its mechanical properties.

8. Accuracy in dimensions and tolerance: In some 
applications, precise tolerances and dimensional 
accuracy can be crucial, but powder metallurgy might 
not be able to maintain them.

9. Restricted non-metallic additions: Powder metallurgy 
usually concentrates on metal and ceramic composites, 
which restricts the incorporation of non-metallic 
reinforcements. In contrast, casting permits the inclusion 
of non-metallic elements such as reinforcing fibres.

To sum up, casting is not as limited as powder 
metallurgy when it comes to composite fabrications. When 
deciding between these two approaches, one must take into 
account the project’s particular requirements, the materials 
needed, the part’s complexity, and the intended properties 
of the end products.

Fig. 2  Restrictions of casting process for fabrication of MMCs [60]
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Opportunities for Further Research

Nowadays, material scientists are focussed on creating 
inexpensive, high-performing engineering components. 
Powder metallurgy can be used to minimise all the 
shortcomings of MMC fabrications that result from 
the casting process. Powder metallurgy reduces pores, 
improper wetting in composites which ultimately lead to 
better mechanical properties of the components. Compared 
to composites made using traditional methods, it is readily 
available and reasonably priced. Composites with enhanced 
and much improved mechanical properties were fabricated 
using powder metallurgical route. By adoption of powder 
metallurgical route, the fabrication of so-called MMCs can 
yield more uniform distribution of reinforcements with much 
improved quality of the same as compared to the traditional 
methods. Therefore, the creation of metal matrix composites 
using powder metallurgy processes is groundbreaking for 
both industry and research fields.

Summary

In the present detailed review study, casting and powder 
metallurgy as effective manufacturing processes are 
compared, each with advantages and disadvantages. Various 
considerations such as material selection, part complexity, 
size, precision requirements, manufacturing volume, and 
budget limits influence the distinction between them. 
Choosing the best manufacturing technique for a given 
project generally requires careful consideration of these 
variables and a comprehensive cost–benefit analysis. To 
get the best outcomes, it is frequently possible to combine 
the two methods. Since each has pros and cons of its own, 
it is impossible to say which is clearly superior when 
comparing casting and powder metallurgy. The particular 
needs of a project and the desired qualities of the finished 
product determine which of these two production processes 
better suited for MMCs fabrications. In comparison with 
composites made using traditional methods, better strength 
and hardness can be achieved using powder metallurgy due 
to improved distribution of reinforcements in the matrix 
and easy control over process parameters. Thus, powder 
metallurgy techniques for the manufacture of metal matrix 
composites are innovative in both industrial and research 
domains.
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