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Abstract— Several processing techniques like ultrasonic 

assisted casting, , powder metallurgy, high energy ball 

milling, friction stir casting are recently being used for the 

production of Aluminum matrix nano composites. During 

these processing techniques, grain growth takes place due to 

agglomeration of the reinforcing particles, which changes 

the microstructures. To control the grain size and 

agglomeration of nano particles during the processing and 

retaining the improved microstructure is a challenging task.  

This paper presents the properties of ACM ( Aluminium 

Composite Materials) from the literature.                                                
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I. INTRODUCTION 

From the nature and morphology of the composites, their 

behavior and properties can be predicted and the factors 

such as intrinsic properties, structural arrangement and the 

interaction between the constituents are of much 

importance. The intrinsic properties of constituents 

determine the general order of properties that the composite 

will display. The shape and size of the individual 

constituents, their structural arrangement and distribution 

and the relative amount of each contribute to the overall 

performance of the composite. The factors that determine 

properties of composites are volume fraction, 

microstructure, homogeneity and isotropy of the system [1] 

and these are strongly influenced by proportions and 

properties of the matrix and the reinforcement. The 

properties such as the Young’s modulus, shear modulus, 

Poisson’s ratio, coefficient of friction and coefficient of 

thermal expansion are predicted in terms of the properties 

and concentration and the most commonly used approach is 

based on the assumption that each phase component is 

Subjected to either Iso-stress or iso-strain condition.  

II. PROPERTIES AFFECTING THE ACM ( ALUMINIUM 

COMPOSITE MATERIALS) 

There are several properties which affacts  the Aluminium 

composite Materials such as physical properties, as follows: 

A. Physical Properties:  

Density is the physical property that reflects the 

characteristics of composites. In a composite, the 

proportions of the matrix and reinforcement are expressed 

either as the weight fraction (w), which is relevant to 

fabrication, or the volume fraction (v), which is commonly 

used in property calculations. Further, Miyajima et.al. [2] 

reported that the density of Al2024-SiC particle composites 

is greater than that of Al2024-SiC whisker reinforced 

composites for the same amount of volume fraction. 

B. Mechanical Properties of Al Composites:  

Mechanical properties of metal matrix composites (MMCs) 

are essentially functions of the manufacturing processes. 

Surface state and roughness conditions as well as the type of 

matrix reinforcement and heat treatment influence the 

mechanical behaviour of the MMCs in service conditions 

The factors such as the porosity of the matrix, volume 

fraction of the reinforcement and their distribution, 

agglomeration or sedimentation of particles and particle 

size, dross and porosities influence the behaviour of the 

MMC Improving such mechanical properties as tensile 

strength, hardness, Young’s modulus, creep resistance, and 

fatigue resistance, is usually the major attraction of 

composite materials. 

1) Hardness:  

The resistance to indentation or scratch is termed as 

hardness. Among various instruments for measurement of 

hardness, Brinell’s, Rockwell’s and Vicker’s hardness 

testers are significant. The contributions of several 

researchers regarding the effect of reinforcement on 

hardness of the composites are summarized as follows; The 

particulate reinforcements such as SiC, Al2O3 and 

aluminide [2] are generally preferred to impart higher 

hardness. The coating of reinforcements with Ni [3] and Cu 

, also leads to good quality interface characteristics and 

hence contribute in improving hardness. TiC when dispersed 

in Al matrix, increases the hardness to weight ratio. 

Moreover, it imparts thermodynamic stability to the 

composites [4].  

Deuis [5] attributed this increase in hardness to the 

decreased particle size and increased specific surface of the 

reinforcement for a given volume fraction.  Kima et.al. [6] 

reasoned the increase in hardness of the composites to the 

increased strain energy at the periphery of particles 

dispersed in the matrix. Deuis et.al.[7]  concluded that the 

increase in the hardness of the composites containing hard 

ceramic particles not only depends on the size of 

reinforcement but also on the structure of the composite and 

good interface bonding . Moreover, these composites exhibit 

excellent heat and wear resistances due to the superior 

hardness and heat resistance characteristics of the particles 

that are dispersed in the matrix [8].  

Subramanian [9] incorporated Silicon in Al alloy sand 

concluded that the higher wt.% of Si improves the hardness 

of the composites and increased particle size improves the 

load carrying capability of the composites . The heat treated 

alloy and composite exhibits better hardness , however, the 

over-aged condition may tend to reduce the hardness. 

2) Tensile Strength:  

In general, the Al-MMCs are found to have higher elastic 

modulus, tensile and fatigue strength over monolithic alloys 

[10]. In case of heat treatable Al-alloys and their 
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composites, the yield strength of composites increase after 

heat treatment  by reducing the cracking tendency  and 

improving the precipitation hardening . The composites, 

before fabrication process, are heat treated to an under aged 

condition as the materials can be shaped more easily and 

after fabrication, these materials are heat treated to the peak 

aged condition so as to provide improved mechanical 

properties . Among many ceramic materials, SiC and Al2O3 

are widely in use, due to their favorable combination of 

density, hardness and cost effectiveness. When these 

reinforcements are combined with Al-MMCs, the resulting 

material exhibits significant increase in its elastic modulus, 

hardness strength and wear resistance .   

3) Fracture Toughness:  

The fracture toughness of a material is assessed in terms of 

crack tip parameter at the initiation of crack growth. The 

fracture toughness of the composite decreases with increase 

in the reinforcement content and size. In the study of 

fracture toughness characteristics of discontinuously 

reinforced Aluminium. 

Mortenson [11] reported that fracture will occur 

when the crack tip strain et exceeds over some 

microstructurally significant characteristic. Klimowicz and 

Vecchio (12) in Al2O3 reinforced 6061 and 2014 alloys, 

found that the fracture toughness decreased with aging time, 

and hence increasing strength, and also continued to 

decrease even in the overaged condition where the strength 

was decreasing.  

4) Creep:  

Creep is defined as the progressive deformation of a 

material under the action of a constant applied load. Creep 

does not become significant until temperatures of the order 

of 0.3 Tm for metals and 0.4 Tm for alloys is reached. Creep 

behavior in particulate reinforced MMCs is characterized by 

a progressively increasing creep rate over most of the creep 

life. Kondo et al (13) have investigated the creep behavior of 

the continuous fiber reinforced unidirectional composites 

due to the visco elasticity of the resin matrix assuming that 

the constituent matrix obeys the nonlinear creep law and the 

fiber is the linear elastic materials. They have utilized a 

quasi three-dimensional finite element method, the 

macroscopic creep behavior of the composites with regular 

fiber packing is obtained, giving the orthotropic creep law 

for the composites.  

Clauer & Henson (14) have reported the 

enhancement of creep resistance in dispersion-strengthened 

materials, due to precipitation hardening. In these systems, 

the enhanced strength is due to the effective blocking of 

dislocation movement by insoluble particles on the slip 

plane, rather then the particles actually carrying any 

proportion of the load. Hence power-law creep rates are 

significantly curtailed, even at low volume fractions (1%).  

Barai & Wang (15) have developed a composite 

model to examine the creep resistance of nanocrystalline 

solids. This model divides the material into two regions, one 

the plastically harder grain interior and the other the 

plastically softer grain-boundary affected zone . The creep 

rate of each phase is described by a unified constitutive 

equation that can account for the effect of stress, strain-

hardening, and temperature. The increase of creep resistance 

is attributed to the decrease of grain size through the Hall–

Petch effect, but a continuous decrease of grain size would 

increase the presence of the softer grain boundary affected 

zone and this in turn could result in the softening effect for 

the nanocrystalline solid.  

5) Fatigue:  

The fatigue behaviour of MMCs is very important for many 

engineering applications involving cyclic or dynamic 

loading. When the composite materials are subjected to 

cyclic stress amplitude, the resulting strain amplitude may 

change with continued cycling. Cyclic strain produces a 

number of damaging process which affect the microstructure 

and the resulting cyclic strain resistance and low-cycle 

fatigue. The cyclic strain amplitude reversals to the failure 

can be viewed as an indication of the resistance of the 

composites microstructure to microscopic crack formation, 

potential propagation and coalescence of the cracks 

culminating in fracture. The strains are much lower in the 

composite materials than they would be in the unreinforced 

material. This is because of the higher elastic modulus and 

higher proportional limit of the composite material.  

Many researchers  have reported the presence of 

particulate reinforcements results in the development of 

localised stresses from constraints in matrix deformation 

around the reinforcing particles. The highly localised 

stresses contribute to the observed work-hardening 

behaviour of the composites. The concentration of the 

localised stresses results from constraints in matrix 

deformation that occur because of the significant difference 

in elastic modulus of the constituents of the composite, i.e. 

the discontinuous particulate-reinforcement and continuous 

phases and the continuous Aluminium alloy metal matrix.  

It has been shown (16) that the improvement in  fatigue life 

evident in stress life data is eliminated when compared on a 

strain life basis. Under constant strain amplitude conditions, 

the MMC is inferior in the low cycle regimes where plastic 

strains dominate, and in the high cycle regimes, the 

composite is superior to the unreinforced material. The 

improvement observed in constant stress amplitude tests 

reflects the fact that the strains in the composite are lower 

than those in the unreinforced material at the same stress 

level.  

6) Elongation: 

Ductility is one of the important aspects in the mechanical 

properties of composites. The tensile elongation decreases 

rapidly (17) with the addition of reinforcing particles and 

with increased aging time in the heat treatable alloys. Matrix 

deformation between closely spaced elastic particles would 

be highly constrained, resulting in local stress levels  (18). 

Lee et al (19) have examined the tensile properties and 

microstructures of AA6061/SiCp composites fabricated by 

the pressure less infiltration method under a nitrogen 

atmosphere. They reported that reaction products (Al4C3) 

which were formed at the interface between SiCp and Al 

alloy matrix as a result of the in situ reaction has significant 

effect on the ductility rather than strength.  

III. CONCLUSION  

In this research paper the different views of sresearchers are 

studied from the literature survey and concluding remarks is 

that the  optimized combination of surface and bulk 

mechanical properties may be achieved, if Al-MMCs are 

processed with a controlled gradient of reinforcing particles 

and also by adopting a better method of manufacturing . 
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However processing of aluminum nano composites with   

high volume friction of reinforcement with hard particles is 

really challenging task. There is no clear relation between 

mechanical properties of the composites, volume fraction, 

type of reinforcement and surface nature of reinforcements, 

the reduced size of the reinforcement particles is believed to 

be effective in improving the strength of the composites 
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