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Abstract 

Advanced light-weight components known as composites from metal matrix are made of an element the 

alloy matrix with a second phase incorporated and dispersed throughout to improve certain properties. 

The composite's property varies according to the remaining phase's size, shape, and quantity. Because 

of its unique combination of ceramic and metallic features, it has better mechanical and physical 

qualities. These materials belong to a new breed of engineered materials that include strong ceramic 

reinforcement mixed into a metal matrix to enhance various qualities like wear resistance, resisting 

corrosion, specific endurance, and elasticity. They are therefore very important from a scientific, 

technological, and business standpoint. This study presents a thorough discussion of the manufacturing 

processes, mechanical characteristics, and industrial uses of various composites made from metal 

matrix materials. 
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INTRODUCTION 

A wide variety of technical applications find metal matrix composites to be appealing materials. 

These are a novel material family that are garnering significant global industrial attention and funding. 
The mechanical properties are greatly influenced by the microstructure of the treated composites. 

Increasing the weight percentage of the reinforcing phase in the matrix structure generally results in 
higher yield strength, tensile strength in the end, and stiffness. Nanoparticles reinforced MMCs have a 

low ductility, which is a fundamental limitation that hinders their use as structural components in certain 
applications [1]. The combination of a metal or alloy matrix can be found in composites called 

composites made of metal matrix. It is more ductile, tougher, resistant to high temperatures, and has a 
larger modulus of flexibility. Increased part processing complexity and density are the limits. Boron 

fibers in an aluminum matrix have been employed for structural tube supports in the space shuttle orbiter 
due to its high required stiffness, lightweight nature, and excellent thermal conductivity. The skin, 

beams, stiffeners, and frames of the under-development hypersonic aircraft are made of MMCs with 
silicon carbide fibers and a titanium matrix. Sports 

items and bicycle frames are two further 
applications. Because of their superior stiffness and 

strength compared to solid material formulations, 

composite elements are steadily replacing 
traditional construction materials [2].  

 

Processing Techniques 

Standard metallurgical manufacturing methods, 

such as powder metallurgy, direct casting, rolling, 

forging, and extrusion, can be used to fabricate 

particulate and inconsistently reinforced metal 

matrix composites based on aluminum. The end 

results can then be shaped, machined, and drilled 

using traditional machining facilities. Excellent 

*Author for Correspondence 

T.R. Vijayaram 

E-mail: vijayaram.mech@bharathuniv.ac.in 

 
1Professor, Department of Mechanical Engineering, School of 

Mechanical Engineering, BIST, BIHER, Bharath University, 

Selaiyur, Chennai 600073, Tamil Nadu, India 
2Associate Professor in Mechanical Engineering, SSN College 

Of Engineering, Chennai, Tamil Nadu, India 

 

Received Date: April 05, 2024 

Accepted Date: April 14, 2024 

Published Date: May 08, 2024 
 

Citation: T.R. Vijayaram, Ananth Padmanabhan. Production 

Methods, Mechanical Characteristics, and Industrial Uses for 
Metal Matrix Composites. Trends in Mechanical Engineering 
& Technology. 2024; 14(1): 1–5p. 

mailto:vijayaram.mech@bharathuniv.ac.in


 

 

Production Methods, Mechanical Characteristics                                                                 Vijayaram Padmanabhan 

 

 

© STM Journals 2024. All Rights Reserved 2  
 

mechanical qualities throughout a broad temperature range are a defining characteristic of composite 

materials. The needs for the properties, the expenditure factor, and the potential for future uses all 

influence the processing technique selection. 

 

Because of their superior range of mechanical properties, composite materials with a metal or alloy 
matrix—which can be produced by casting or powder metallurgy methods—are thought to be viable 

evidence candidates for a wide range of structural applications in the transportation, automotive, and 
sporting goods production industries [3]. When compared to other advanced composites reinforced with 

continuous filaments, conventional secondary production procedures are relatively inexpensive and can 
be employed to generate an extensive number of wood composite product types. Enhanced durability, 

reduced weight, elevated service temperature, enhanced wear resistance, and elevated elastic 
component are some of these.  

 

The flexibility to modify the mechanical and physical characteristics of composites to satisfy 
particular design requirements is by far its greatest advantage. An assortment of oxides have been 

employed as reinforcements in the form of fibers, whiskers, or particles during the manufacturing of 
metal matrix composites. For instance, metallic matrices made of magnesium, aluminum, and other 

materials are reinforced with particles of alumina, zirconium oxide, and thorium oxide. Because quartz 
reacts aggressively with aluminum and aluminum alloys, very few studies have examined its application 

as a secondary phase reinforcing particle in an aluminum or aluminum alloy framework [4]. After 
conducting preliminary investigations, it was determined that the reduction process causing the 

infiltration of liquid metal phase into the ceramic had completely damaged the second phase 
superstructure when molten aluminum came into contact with silica-based ceramic particles. Silica and 

aluminum can react and form a changed layer on the original fiber surface even at a temperature close 
to 400 degrees Celsius. This is because of solid diffusion between the phases and the formation of an 

aluminum-silicon liquid phase. This has been demonstrated in previous studies that used continuous 
silica fibers as reinforcement phases in an aluminum matrix. Selecting an appropriate matrix and 

reinforcing material serves as one of the key topics in the processing of metal matrix nanocomposite. 
The chemical responses that take place at the interface between the reinforcing materials and the matrix 

have occasionally been deemed detrimental to the finished mechanical qualities and are thus typically 

avoided. Because the newly created layer at the interface functions as a strong link between the phases, 
interfacial reactions can occasionally be purposefully generated [5]. 

 

Mechanical Properties In Metal Matrix Composites Are Improved 

Materials whose microscopic structures contain a continuous metallic composite phase into which a 
second phase, or phases, have been artificially added, are classified as metal matrix composite metals. 

In contrast, the microscopic structures of typical alloys are the result of naturally occurring phase 
changes during manufacturing. Because of their metallic mechanical and physical qualities and their 

suitability for traditional metallurgical processing, composites made with metal matrix are differentiated 
from the more widely used resin matrix combinations. Electrical conductivity, thermal conductivity and 

non-inflammability, matrix shear strength, ductility and abrasion resistance, ability to be coated, joined, 
formed and heat treated are some of the properties that differentiate metal matrix composites from resin 

matrix composites. They are a class of advanced materials, which have been developed for weight-
critical applications in the aerospace industry. reinforced composites can be made with properties that 

are isotropic in three dimensions or in a plane [6]. 
 

Automotive And Aerospace Industries: Metal Matrix Composites' Emphasis 

Since a decade ago, MMCs have found widespread use in applications with exceptional performance 
including aircraft engines and, finally, more recently, in the automobile sectors, thanks to their enhanced 

characteristics. An extensive amount of study has been done on the incorporation of silicon carbide and 
oxide of aluminum powders, in the form of filaments and particulates, as replacements in metal-metal 

composites (MMCs). Tribological qualities play a significant role in the automotive and aircraft 
industries, where titanium dioxide and aluminum oxide reinforced metal matrix composites are used in 
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engine pistons and cylinder heads. As a result, there is a lot of focus on developing aluminum matrix 

composites to satisfy the demands of different sectors [7]. 

 

Use In the Aerospace Industry 

 Satellites, rockets, and helicopter structures all use graphite fibers cemented with magnesium and 

aluminum matrices. Storage battery plates are made of graphite-fibered lead matrix composites. 
Electrical contacts and bearings are made with graphite fibers embedded in a copper matrix. Aluminum 

alloys with boron fibers are utilized for support components and blower blades. Antenna structures are 
made from the same magnesium fibers. Fan blades for jet engines are made of nanocomposite of 

titanium and boron fiber [8]. At high temperatures, parts of engines are made of scattered molybdenum 
and tungsten fibers in cobalt-base super alloy matrix. Compared to compo cast materials, the reinforcing 

distribution of squeeze cast MMCs is typically substantially superior. This is due to the fact that a 
stoneware preform with the appropriate weight fraction of reinforcement is utilized, and it is firmly 

affixed to one another to prevent movement [9]. Dendritic partition and clumping are thereby 
eliminated. Additionally, porosity is reduced because the metal is forced into interfiber channels by 

pressure, which displaces the gasses. Heat patterns of circulation can produce variations in grain size 
and shape throughout an infiltrate prototype. Since the lower-freezing solute-rich regions permeate 

toward the fiber ahead within the hardening matrix, additional stages usually form at the fiber-matrix 
interface. The transportation, aviation, and military sectors have been pushing the scientific 

advancement of composite compounds since the past few decades in an effort to obtain good mechanical 
strength/density and stiffness/density ratios. The inexpensive cost of production and desirable 

functional features inherent in contemporary fiber-reinforced or particle reinforced matrix-based 

composite materials as shown in Table-1 [10], make them suitable for a wide range of purposes. 

 

Table 1. Characteristic features and applications of metal matrix composites [10]. 
Metal matrix composite type Industrial Applications Special Features 

Graphite reinforced in aluminium  Bearings Cheaper, lighter, self-lubricating, 

conserves Copper, lead, tin, Zinc 

Graphite reinforced in aluminium, 
Silicon carbide reinforced in aluminium, 

aluminium oxide reinforced in 
aluminium 

Automobile pistons, 
Cylinder liners, Piston 

rings, Connecting rods 

Reduced wear, anti seizing, cold start, 
lighter, conserves fuel, Improved 

efficiency. 

Graphite reinforced in copper Sliding electrical contacts Excellent conductivity and anti seizing 

properties. 

Silicon carbide reinforced in  aluminium Turbocharger impellers High temperature use 

Glass or Carbon bubbles reinforced in 

aluminium 

  Ultra light Material. 

Cast Carbon fibre reinforced magnesium 
fibre composites 

Tubular composites for 
space structures 

Zero thermal expansion, high temperature 
strength, good Specific strength and 

Specific stiffness. 

Zircon reinforced in aluminium-silicon 
alloy, aluminium silicate reinforced in 

aluminium 

Cutting tool, Machine 
Shrouds, Impellers 

Hard, Abrasion- resistant materials. 

 

Some of the properties are high longitudinal and transverse strengths at normal and elevated 
temperatures, near-zero coefficients of thermal expansion, good electrical and thermal conductivities 

and excellent antifriction, anti abrasion, damping and machinability properties. Composite supplies 

have a long history of use in airplane construction, and they have since been utilized in jet engine and 
fuselage manufacture. Application in the automotive industry is expanding quickly, while it is still less 

widespread than in the aviation industry [11]. Owing to its resistance to heat, mechanical stress, and 
electrical interference, their use in the electronics sector is rapidly expanding. Nanocomposite material 

components are used in electronic components because they function more efficiently and at higher 
temperatures than traditional electronic materials. Examples of these components include hardware for 

computers and lasers. 
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Utilities for the Automotive Sector 

The use of composites in a structure, transportation, and automotive sectors depends upon the 
selection of an acceptable cost component. Particulate-reinforced aluminum-metal matrix composites 

are becoming more and more popular among researchers due to their comparatively cheap price and 
isotropic houses, especially in programs where extreme installing or restricted temperature conditions 

are not required, such as automotive components. This is in addition to the new and affordable 
processing techniques that combine quality and ease of operation. Aluminum alloys are present in 

matrix substances because of their relative advantages, which include their low cost and ease of 
handling. The lunar space shuttle's fuselage frame is supported by boron-reinforced aluminum tubes, 

which reduces the space shuttle's mass by almost 145 kg. Because of its decreased thermal conductivity, 
it has also resulted in a reduction of the requirements for thermal insulation [9]. Composites comprised 

of aluminum matrix cemented with carbon are used in the Hubble telescope's mast. The stability of 
dimensions is required for highly accurate components in guidance for missiles systems, and these parts' 

morphologies cannot alter while they are in use. This criterion is met by composites made from metal 
matrix with high micro-yield strengths, such as silicon carbide reinforced aluminum composite. 

Furthermore, a compatible coefficient of thermal expansion with other components of the system 
assembly can be achieved by adjusting the weight fraction of silicon carbide. Automotive turbines now 

use composites of metal matrix components instead of metal component parts since they are lighter. 

Additionally, because of their exceptional strength as well as their light weight, composites with metal 
matrix are the preferred materials manufacturing the engines of gas turbines. Opportunities for metal 

matrix composite materials are numerous and varied. Important applications and uses for metal matrix 
composite sections include the chimneys, housing cells, concrete molds, domes, windows, facade 

panels, partitions, doors, armour, boxes and covers, antennas, radomes, tops of television covers, cable 
observes, wind mills, and insulation materials for electrical construction. Autobody parts, wheels, 

shields, radiator grills, transmission shafts, suspension springs that are chassis, suspension arms, the 
casings, highway tankers, isothermal trucks, trucks, wagons, doors, seats, interior panels, and 

ventilation housings are examples of auto engineering parts. Hovercrafts, rescue vessels, patrol boats, 
trawlers, landing gears, anti-mine ships, racing boats, and canoes are among the items made with it for 

marine transportation. MMCs are utilized in aircraft transportation as leading edges, which are ailerons, 
vertical stabilizers, propellers, transmitting shafts, and aircraft brake discs, helicopter blades have a and 

combined gliders. It is utilized to create rocket boosters, storage tanks, nozzles, and atmospheric re-
entry shields for spacecraft. A few examples of common mechanical uses are as follows: pipes, drafting 

table factors, compressed gas bottles, tubes for offshore platforms, robot arms, fly wheels, housing 
including casings, jack bodies, shifts, and pneumatics for radial framing. Tennis and squash rackets, 

fishing poles, skis, poles for leaping, sails, surfboards, roller skates, bows and arrows, javelins, 

protective helmets in order bicycle frames, golf balls and golf objects, and oars are just a few of the 
recreational and sporting businesses that utilize it extensively [11]. 

 

CONCLUSIONS 

It is concluded that metal matrix composite materials are continuously displacing traditional 
engineering materials because of their advantages of high stiffness and strength over homogeneous 

materials formulations. These specially designed advanced materials offer highly promising features 
designed for a range of industrial uses. Experts in materials have thoroughly examined the mechanisms 

of composite strengthening. Researchers have discovered that in metal matrix composites, the amount 
of weight and size of the elements affect how thermal mismatch causes dislocations to form as well as 

how generated residual and internal stresses affect the process. According to the research' predictions, 
the amount of dislocation is directly related to the weight percentage and the degree of thermal 

mismatch. This means that for finer particles and higher weight fractions, the effect is going to be 
enormous. 
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