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Abstract— Nano particulates reinforced metal matrix 

composites are very promising materials compared to micro 

sized particulate composites, which possess superior strength, 

ductility and wear resistance. Nano composites are very 

useful in many automobile and aerospace applications. The 

metal matrix composites are filled with Nano particles will 

vary the mechanical and physical properties of the material 

compared to those of the matrix. The Nano particles can 

improve the properties of base material in terms of 

mechanical strength, wear resistance, toughness, fatigue life 

and damping properties. Predominantly different kinds of 

metals like Al, Mg, Ti, Zn and Cu are employed for the 

production of composites with the reinforcement of Nano 

particles such as graphite, Al2O3, SiC, B4C, TiC, Si3N4 as 

well as carbon nano-tubes. The main drawback for the 

synthesis of these metal matrix composites is that the low 

wettability of the reinforcement phase by the molten metal, it 

is not possible synthesis by conventional casting techniques. 

In literature several other techniques for the production of 

Nano-composites are available. The present work is aimed at 

reviewing the synthesis of bulk metal matrix Nano 

composites, the important techniques in manufacturing and a 

review of improvement of Nano-reinforced metal matrix 

composites mechanical properties and the applications. 
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I. INTRODUCTION 

Metal matrix composites (MMCs) with the matrix material as 

base metal possess the improvements in mechanical and 

physical properties such as high specific modulus; thermal 

stability and strength have been documented extensively. 

MMCs combine both the metallic (base material) properties 

(ductility and toughness) with ceramic (reinforcement 

material) properties (high strength and high modulus), 

leading to improved strength in compression and shear and 

higher service temperature capabilities [1,2]. Applications of 

MMCs for aerospace, automotive and in structural field have 

rapidly increased from last few years. Since the reinforcement 

is relatively inexpensive, and in the development new 

techniques provides a way to reproduce the identical 

microstructure and properties. Mainly in aviation 

applications the reduction in structural weight can be 

achieved by low density and high modulus alloy. The reduced 

100kg weight in flight will approximately save 4kg of the fuel 

consumption i.e., approximately 4%. For example, a 50% 

increase in modulus, achieved by silicon carbide reinforced 

aluminium alloy by substituting discontinuous fibres with an 

unreinforced wrought counterpart, resulted in a 10% 

reduction in weight. Reinforcement materials include nitrides 

(e.g., A1N, Si3N4), carbides (e.g., SiC, B4C), oxides (e.g., 

A12O3, SiO2), as well as elemental materials (e.g., Si, C).The 

reinforcements in the form of continuous fibres, particulates, 

platelets, whiskers and chopped fibres in the matrix materials. 

SiC, for example, is being used in magnesium and aluminium 

MMCs is widely used in aerospace industries and carbon and 

silicon fibres are being used in magnesium, aluminum and 

copper-matrix composites [3].  

The early studies on MMCs provide the information 

about the development and behaviour of continuous fibre 

reinforced high performance hybrid materials, based on 

titanium, magnesium and aluminium matrices. 

Unfortunately, because of the high manufacturing costs 

associated with continues reinforcement fibres 

manufacturing, despite encouraging results, extensive 

industrial application of these composites has been hindered 

(i.e., $ 660 K g- 1 for boron fibres) and highly labour 

intensive manufacturing processes. Due to these difficulties 

the use of these materials has been limited, exclusively, to 

highly specialized and military applications.  

The family of discontinuously reinforced MMCs 

include both short whiskers or fibres and particulates. 

Recently, this class of MMCs has attracted considerable 

attention as a result of: Availability of various types of 

reinforcement at competitive costs (i.e., $4.85 K g- 1 for SiC 

particulates). The successful development of manufacturing 

processes to produce MMCs with reproducible structures and 

properties.  

Moreover, the problems associated with fabrication 

of continuously reinforced MMCs, such as: Fibre damage, 

microstructural no uniformity, fibre to fibre contact, 

extensive interracial reactions can be avoided with 

discontinuous reinforcements [4,5]. 

In the areas where not requiring extreme loading or 

thermal conditions, such as in automotive components, 

MMCs with discontinued reinforced have been used to get 

the desired mechanical and physical and isotropic properties 

compared to non-reinforced materials. But whisker 

reinforced MMCs have a very good thermal stability and 

strength compared to those of particulate reinforced materials 

[6]. 

Commercialization of MMCs with whisker 

reinforced has been slow as a result of: The high costs 

associated with currently available whiskers. Irregular 

surface which may contain particulate contamination as 

observed in SiC whiskers. Observed faulted internal structure 

of whiskers. The asbestos-like health hazards associated with 

high aspect ratio particulates.  

The family of particulate reinforced metal matrix 

composites include dispersion strengthened (DS) alloys and 

cermets’. These alloys consist of metal matrices with 

additions of hard insoluble particle constituents with sizes of 

the order of a nano-meter and in small proportions, typically 

below 5 vol %. The volume fraction of the metal matrix may 

be up to 30%.  

In the present review an attempt has been made to 

review the different types of matrices and reinforcements 
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used to prepare the nano composites. Further, different 

fabrication techniques and applications of nano composites 

were highlighted. 

II. MATRIX MATERIALS AND REINFORCEMENTS 

Several metals are used as matrix material for the preparation 

of MMC’s. Al, Mg, Ti, Cu and their alloys are used widely in 

the industries for the preparation of MMC’s. In particular 

most of the researches are going on pure aluminum and its 

alloys. Since Al-based composites are more suitable for 

structural application. Different kinds of Nano-sized oxides 

(Al2O3, Y2O3), carbides (TiC, SiC), hydrates (TiH2), nitrides 

(Si3N4, AIN) and borides (TiB2) are using widely. Especially, 

alumina and carborundum are very common ceramic 

reinforcements for MMC’s [7]. The most used particles are 

CNTs since they possess very high mechanical properties to 

the metal matrix and, also they will increase electrical 

conductivity, and makes the MMC’s suitable for electrical 

applications. Both single and multi-wall carbon nanotubes 

(SWCNT/MWCNT) are used for MMC’s production. In this 

regard, for example bronze-0.1 wt. % SWCNT showed a 20% 

improved electrical conductivity and copper-0.1 wt. % 

MWCNT composites revealed a 47% increase in hardness. 

Finally, inter-metallic compounds (NiAl, Al3Ti) have also 

been successfully used as reinforcement phase in MMC’s. 

Al–Al3Ti nano-composite revealed good mechanical 

behaviour at high temperature, while TiAl–NiAl MMC’s 

showed low fracture toughness and high hardness. 

Several metals and their alloys are used as matrix 

materials. Below describe briefly the important 

characteristics of some of the more common ones. 

A. Aluminum Alloys: 

Aluminum alloys, because of their low density and excellent 

resistance to corrosion, toughness and strength used widely 

in the aerospace field, Al–Zn–Mg–Cu and Al–Cu–Mg alloys 

have found significant in aerospace field. When lithium is 

added to aluminum alloy as a primary agent it possess a 

unique character of increasing elastic modulus and decreasing 

the density of the alloy and it is one of the important 

precipitation-harden able aluminum alloys. The aerospace 

industry has been developing the Al–Li alloys are 

precipitations harden able, much like the Al–Zn–Mg–Cu and 

Al–Cu–Mg alloys. The precipitation hardening sequence in 

Al–Li alloys is very complex when compared to the 

conventional precipitation-harden able aluminum alloys. 

Generally, these alloys contain, besides lithium, some 

zirconium, copper and magnesium. 

B. Titanium Alloys: 

Titanium material is having young’s modulus of 115 GPa and 

density of 4.5 g/cm3 which is used as one of the important 

aerospace materials. These will have high strength/weight 

and modulus/weight ratios and for the alloys the modulus will 

be in the range of 80-130 GPa and density can vary between 

4.3 and 5.1 g/cm3. Titanium and its alloys are having high 

melting point 1672o C and retain strength to high 

temperatures with good corrosion and oxidation resistance. 

With all these factors make it an ideal material for aerospace 

applications. It is, however, an expensive material. Because 

of the high temperature in supersonic speeds titanium alloys 

are most suitable when compared to aluminum alloys. Speeds 

greater than Mach 2 Titanium aluminides are one of the 

candidate materials in this case. Titanium has a great affinity 

for nitrogen, oxygen and hydrogen. Parts per million of such 

interstitials in titanium can change mechanical properties 

drastically; particularly embrittlement can set in. That is why 

welding of titanium by any technique requires protection 

from the atmosphere. Electron beam techniques, in a vacuum, 

are frequently used. 

C. Magnesium Alloys: 

Magnesium is the lightest metal having density of 1.74 g/cm3. 

Magnesium and its alloys are from the group of very light 

materials. Because of its density it is used in especially 

castings, which are used in electronic equipment aircraft 

gearbox housings, chain saw housings etc. Magnesium, being 

a hexagonal close-packed metal makes it difficult for cold 

work. 

D. Copper: 

Copper has a FCC structure. It is having a very good thermal 

conductivity and it is a very good electrical conductor and it 

can be cast and work very easily. Niobium-based 

superconductors are one of the major applications of copper 

MMC’s. 

Some of the important characteristics of 

reinforcement material more commonly used are listed 

below. 

E. Nano Aluminum Oxide  (Al2o3):  

Al2O3 alpha nano-particles water dispersion is having high 

hardness and good dimensional and phase stability. It is 

widely used in MMC’s, rubber, refractory products, plastics, 

and ceramics. In particular, it can improve ceramics density, 

thermal fatigue resistance, smoothness, fracture toughness, 

polymer products wear resistance and creep resistance. 

F. Nano Silicon Carbide (Sic): 

Silicon carbide (SiC) nano-particles of density 3.22 g/cm3 

having characteristics like high stability, high thermal 

conductivity, small thermal expansion co-efficient, high 

purity and good wear resistance. These particles are also 

resistant to oxidation at high temperatures. Mainly used to 

increase the strength of the alloys, used as a special material 

for polishing abrasive, high frequency ceramics and as a high 

grade refractory material. 

G. Nano Graphite: 

Natural graphite is mostly consumed for steel making, 

expanded graphite, refractory’s, brake linings, foundry 

facings and lubricants; Natural graphite has found uses as the 

marking material in pencils, in electric motor brushes, in zinc-

carbon batteries and various specialized applications. 

Aluminum/graphite composites for pistons, bearings and 

liners in engines, carbon adsorbents for gas chromatography, 

Cupper/graphite and silver/graphite nano-composites for 

electrical brushes and contact strips, Inorganic filler, Support 

materials for precision metal powder catalysts 

Graphite/polymer nano-composites for enhanced electrical 

conductivity, Metal matrix composites for reduced friction 

and wear [8]. 

http://www.us-nano.com/inc/sdetail/623
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H. Nano B4C Particles: 

The Nano-boron carbide powder possesses narrow range 

particle size distribution, high purity and larger specific 

surface area. This has a melting point of 2350° C and boiling 

point higher than 3500° C, hardness up to 9.3, flexural 

strength ≥ 400Mpa. The product does not react with acid and 

alkali solution. It has high chemical potential and is one of the 

most stable materials to acid. Also, it has anti-oxidation, high 

temperature resistant, high strength, high grinding efficiency, 

high hardness, high elastic modulus and high wear-resistant 

and good self-lubrication characteristics. Nano-boron carbide 

has a larger thermal neutron capture cross section, with 

excellent neutrons absorption property and good anti-

radiation performance. 

III. PROCESSING METHODS 

In industrial level Manufacturing of MMCs are classified into 

two major groups. Liquid state processes, Solid state 

processes. Powder blending followed by consolidation (PM 

processing), vapour deposition techniques and diffusion 

bonding are solid state processing classifications. Compo 

casting or Stir casting, in situ (reactive) processing, Spray 

casting and Liquid state processes, spray casting and 

infiltration are liquid state processing [9,10].  

The selection of base metal is depends on many 

factors like the degree of microstructural integrity desired 

type and level of reinforcement loading. That very often that 

it is possible to manufacture MMCs of specific formulation 

(With same matrix and reinforcement combination) by more 

than one route. 

A. Solid State Processing: 

1) Powder blending and consolidation (PM processing) 

Base metal alloy powder with reinforcement 

fibre/whisker particle blending is well known technique for 

the production of MMC’s (fig. 1). Blending can be carried out 

in liquid or dry liquid suspension. Blending is usually 

followed by cold compaction, canning, degassing and high 

temperature consolidation stage such as hot iso-static 

pressing (HIP) or extrusion. PM processed MMC’s, contain 

oxide particles of few tens of nm thick and in volume 

fractions from 0·05 to 0·5 depending on processing 

conditions and powder history. The fine oxide particle tends 

to act as a strengthening-dispersion agent and often has strong 

influence on the matrix properties particularly during heat 

treatment. 

 
Fig. 1: Powder processing, hot pressing and extrusion 

process for fabricating particulate or short fibre reinforced 

MMCs. 

2) Diffusion Bonding: 

Diffusion bonding (foil-fibre-foil) route are generally used to 

produce Mono filament-reinforced MMC’s.  By foil-fibre-

foil diffusion technique Aluminum-boron fibre composites 

have been produced. However, for Ti based fibre reinforced 

composites used the diffusion process. In this process the 

fibre volume and homogeneous fibre distribution is difficult 

to achieve. And it is not recommended for producing complex 

shapes and components. 

3) Physical Vapour Deposition: 

Between the partial high pressured metal regions a 

continuous fibre is passing on with the metal to be deposited 

and in mean time condensation takes place so as to produce a 

relatively thick coating on the fibre. The vapour is produced 

by directing a high power electron beam onto the end of a 

solid bar feed stock. In this process 5–10 µm per minute 

deposition rate can be achieved very easily. By assembling 

these coated fibres together and by hot pressing method the 

Composite fabrication takes place. In this process 80% 

uniform distribution of fibre and volume fraction can be 

produced. 

B. Liquid State Processing: 

1) Stir Casting: 

 
Fig. 2: A schematic setup of stir casting 

In this process the base metal will be in molten state 

in which the reinforcement particulates are introduced and 

mixed and then allowing the mixture to solidify. Here, the 

important thing is to create very good wetting between the 

reinforcement and the molten state base alloy. The simplest 

and most commercially used technique is known as stir-

casting technique or vortex technique (fig.2). The vortex 

technique involves the introduction of pre-treated 

reinforcement particles into the vortex of molten alloy created 

by the rotating impeller. Presently several aluminium 

companies refined the process to produce variety of MMC’s 

on commercial scale. Microstructural in homogeneities can 

be caused by accumulation of particle in the bottom of the 

melt and subsequently during solidification. In-homogeneity 

in the distribution of reinforcement in composites could also 

be a problem as a result of interaction between suspended 

reinforcement particles during solidification. Usually 30% of 

reinforcement material can be added to molten alloys. The 

alloy–reinforcement particle slurry can be transferred directly 

to a shaped mould or it may be allowed to solidify in billet or 

rod shape. Then it can be machined as per our requirement. 

Another variant of stir casting process is compo-casting. 

Here, ceramic particles are incorporated into the alloy in the 

semi-solid state [11]. 
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2) Infiltration Process: 

Fig. 3 shows the pressure infiltration process set up used to 

prepare the nano composites. In this method MMC’s are 

produced by injecting the liquid base alloy into the porous 

pre-forms of continuous fiber/short fiber or particle or 

whisker. Based on the nature of reinforcement volume 

fraction pre-form can be infiltrated, with or without the 

application of pressure or vacuum. In this technique MMC’s 

with volume fraction from 10% to 70% reinforcement can be 

achieved using a variety of infiltration techniques. Using 

silica alumina based binder or mixture is used to retain its 

integrity and shape. The MMC’s produced in this technique 

shows some level of porosity and local variations in the 

volume fractions of the reinforcement.  

 
Fig. 3: Squeeze casting or pressure infiltration process 

3) Spray Deposition: 

Depending whether the stream droplet produced from molten 

bath or by feeding continuous cold metal into a zone of rapid 

heat injection it is classified into to two distinct process 

Osprey process or thermal spray process. Injecting the 

reinforcement in the form particle/whisker/short fibre has 

been extensively explored for the production of MMC’s by 

spray process. The composites produced by this process often 

shows inhomogeneous distribution of reinforcement 

particles. Porosity in the as sprayed state is typically about 5–

10%. By subsequent process the depositions are typically 

consolidated to full density. This process allows to produce 

the continuous fibre reinforced MMC’s. The cost of 

production of MMC’s by this process will be comparatively 

less.  

4) In-Situ Processing: 

There are several various processes will fall under this 

category including liquid-liquid, liquid-gas, liquid-solid, and 

mixed salt reactions. In these processes refractory 

reinforcement are created in the alloy matrix. Directional 

oxidations of aluminium also known as DIMOX process and 

Martin–Marietta’s exothermic dispersion process or the 

XDTm process are in-situ technique for composite 

processing. A major limitation of in-situ technique (fig. 4) is 

kinetic restrictions on volume fraction, size and shape of the 

reinforcement achieved through chemical reaction and 

thermodynamic restrictions on the nature of the 

reinforcement phase and composition that can form in a given 

system. 

 
Fig. 4: Schematic of directional solidification process to 

obtain in situ composites 

IV. APPLICATIONS 

Nano particulate reinforced materials are used in myriad 

applications due to very high strength to weight ration and 

improved thermal and mechanical properties compared to the 

raw material. MMC’s are used several areas like aircraft 

structures due to high stiffness and strength and low density, 

missile since convention aluminum doesn’t have enough 

strength and temperature resistance, space structures, 

automotive parts driving shaft, piston, connecting rod, 

cylinder block liners, rail road breaks. Aluminum and to a 

lesser degree of copper matrix MMC’s are mainly used in 

electronic packaging and thermal management. Particulate 

metal matrix composites, especially with light metal-matrix 

composites such as aluminum and magnesium, also find 

applications in recreational products and sporting goods. 

V. CONCLUSIONS 

Now a day’s nano particulate reinforced metal matrix 

composites are widely used in military and aerospace 

applications. Several matrix materials are available as a 

matrix. Among all the matrix materials aluminium, 

magnesium and zinc are the most popular materials. Nano 

particulates like Al2O3, graphite; B4C, TiC, TiO2 and WC can 

be used as the reinforcements. In processing of Nano 

composites, several techniques like solid and liquid state 

methods are used. Among all the fabrication techniques liquid 

stir casting process is the more simpler and economical one. 
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