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1. INTRODUCTION 
Composites consist of two or more physically and/or 

chemically distinct materials. There are three 

components of a composite: matrix, reinforcement, and 

the interface between matrix and reinforcement. A 

matrix is a continuous phase of composites and serves to 

hold the reinforcements in predetermined orientation. A 

reinforcement is a stronger material distributed within 

the matrix. Matrix and reinforcements are chemically 

bonded or mechanically locked together. Matrix, 

reinforcements, and the interface determine the 

characteristics of a composite. While the characteristics 

of a matrix material are changed in the composite 

making process, those of reinforcing materials remain 

the same except in rare instances of processing at very 

high temperature. 

 

Composites are classified based on the types of matrix 

and reinforcements. Composites are classified as 

polymer matrix composites (PMCs), metal matrix 

composites (MMCs), and ceramics matrix composites 

(CMCs) based on the type of matrix. 

 

Important properties of composites are density, heat 

capacity, elastic moduli, strength, aging kinetics, and 

toughness. Rules of mixtures (ROM) calculations are 

used to estimate the final properties of a composite from 

its matrix and reinforcements. However, the behavior of 

composites does not always follow the ROM calculations 

and ROM calculations are generally valid only for 

continuous fiber reinforcements. 

 

2. MATERIALS, METHODS AND LIMITATIONS: 

With the goal of testing the ability of chemist to evaluate 

research importance in mind, we choose four article. The 

articles in wide variety of material science sub 

disciplines and topics from four different journal. We 

realize that there are number of journal from which we 

could have choose but we choose these four articles 

because we like their title. 

The survey consisted of four articles including 

demographic information. 

 

Limitation 

Our survey design and execution contain three main 

limitation. One, the participants in survey were self-

selected. The second limitation is the design if survey 

itself namely, that the four articles were not ordered 

randomized. A third limitation is manner in which the 

sub discipline for each article were assigned through an 

evaluation by author of this paper. 

 

OBJECTIVES 

- To obtain understanding of the state of the art of 

aluminum matrix composite material. 

- To understand the properties of aluminum matrix 

composite materials as a basis for materials 

selection. 

- To understand the limits of useful applications. 
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ABSTRACT 

Aluminum alloys are used in advanced applications because their combination of high strength, low density, 

durability, machinability, availability and cost is very attractive compared to competing materials. However, the 

scope of these properties can be extended by using aluminum matrix composites materials. The study was 

conducted to investigate the general properties and application methods of metal matrix composites in comparison 

with polymer matrix composites and ceramic matrix composites. In addition, the properties of the most widely 

used metal matrix composites (aluminum and magnesium) were also studied. The information was collected from 

published online articles and journals on metal matrix composites. While metal matrix composites have been 

widely used in the aerospace and automobile industry, their properties are still being researched for further 

development and applications. 
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- To understand the various types of aluminum matrix 

composite. 

 

Target group 

Students: Graduate education in metallurgy, material 

science, materials engineering. 

We stress to reader that this survey and study are design 

to serve as preliminary analysis designed to illustrate 

MMC, Aluminum metal matrix- introduction and 

properties in new and interesting way. 

 

Current Status of Metal Matrix Composites and 

Future 

As „green‟ technologies draw significant attention 

around the world, manufacturing companies have 

utilized MMCs to produce lighter and efficient materials 

for fuel-efficiency automobiles and aircrafts. The new 

developments in hybrid and electric vehicles as well as 

power transmission cables have increasingly used 

aluminum MMCs for its high weight and high strength. 

 

Even though discontinuously reinforced MMCs are the 

most widely used, the difficulty in fabrication has 

restrained its commercialization. Therefore, more 

processing methods with less impact on the 

microstructural integrity of these materials are being 

researched. In addition, many studies on aluminum 

MMCs have been conducted recently: improving damage 

tolerance, manufacturing high-quality reinforcements 

from industrial wastes and byproducts, or developing 

aluminum MMCs based on non-standard aluminum 

alloys. It is estimated that in the next 15 years, new 

developments of MMCs in the automobile industry will 

be applied to connecting rods, rocker arms, brake 

components, and pistons. 

 

In addition, robot components, propeller shafts, 

electronic packaging, computer equipment, and even 

sporting goods have been fabricated using MMCs. 

However, the high cost of manufacturing has hindered 

the wide applications and commercialization of MMCs 

and narrowed its applications to mostly the production of 

mechanical components. Recently, 3M has developed 

continuously reinforced aluminum MMCs for use in 

overhead power transmission conductors. This newly 

developed product can be utilized as high tension wires 

and will significantly raise the demand for aluminum 

MMCs in the future. Even though titanium is heavier, 

more expensive, and more difficult to machine than 

aluminum, it retains properties at high temperature and 

thus its alloys are widely used in devices or machines 

that require high temperature properties. 

 

Another rapid development in MMCs is demonstrated in 

the use of metallic glasses have high strength but low 

ductility in the bulk form. However, when metallic 

glasses are used as reinforcements for metal matrix, they 

provide stronger composites with significantly improved 

fracture properties. Recent investigations have been 

conducted to utilized metallic glasses in MMCs with 

higher volume fraction to provide stronger and tougher 

materials. 

 

Role of Interfaces in Aluminum Matrix Composites 

The success of aluminum matrix composites is highly 

dominated by the control and the enhancement 

(“management”) of the interfaces between the aluminum 

matrix and the reinforcement phase. The three main 

items are: 

- a good wetting is necessary to facilitate the 

fabrication, especially when using liquid state 

technique with low pressure; 

- Interfacial reactions between matrix and 

reinforcement should be very limited, in order to 

avoid the degradation of the reinforcement and the 

formation of new brittle phases. 

- A correct bonding (resp. weak or strong) is required 

to deliver the intended property resp. high fracture 

toughness or good transverse properties. 

 

For aluminum alloys as matrix, wetting may be improved 

by a chemical reaction with the reinforce which lowers 

the interfacial energy. Also the disruption oxide skin 

covering the liquid aluminum may improve the wetting 

behavior. The parameters that are further influencing the 

wetting of ceramics (=reinforcement) by liquid 

aluminum alloys are the temperature (higher temperature 

gives a better wettability), the contact time (wetting is 

improved by longer contact times), the pressure of the 

surrounding atmosphere (in vacuum, adsorbed gasses are 

removed and ameliorate the wetting behavior). There 

exists chemical or mechanical means of enhancing the 

generally poor wetting. They can be classified into four 

categories, namely (a) reinforcement pretreatment; (b) 

matrix alloy modifications; (c) reinforcement coating; (d) 

mechanical means. 

 

As a general statement, there is no given set of rules that 

dictates the chemical engineering of the interface for 

optimized properties. Contradictory demands have 

mostly to be fulfilled in a compromise and that an 

acceptable cost. 

 

Principles and Properties 
Composite materials technologies offer a unique 

opportunity to tailor the properties of aluminum. This 

could include increased strength, decreased weight, 

higher service temperature, improved wear resistance, 

higher elastic modulus, controlled coefficient of thermal 

expansion, improved fatigue properties, etc. 

 

It is of utmost importance to have rules or models in 

order to predict or to calculate the expected properties of 

the composite. As a first estimation, the rule of mixture 

can be helpful. That is. 

Pc = PmVm + Pr Vr 

With P = property 

V = volume fraction 

And subscript c, m and r indicate resp. composite 

material, matrix and reinforcement. 
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Density (example) 

 

The density c can accurately be predicted by the rule of 

mixtures: 

c = mVm + r Vr 

Thermal Properties: 

 

The coefficient of thermal expansion (CTE or c) can be 

approximated by the following modified rule of 

mixtures: 

rrmm

rrrmmm
c

KVKV

KVKV







  

With K = thermal conductivity. 

 

Stiffness 

Young‟s modulus (E) is an elastic property which is well 

bracketed by two models. Figure 1402.01.05 illustrates 

the evolution of the Young‟s modulus of an A1-SiC 

composite as a function of the volume fraction of SiC. 

The linear upper bound (see full line in Figure 

1402.01.05) is defined by the simple rule of mixtures. 

Ec = EmVm + Er Vr 

 

Aluminum metal matrix composites (AMMC) are the 

composites in which aluminum is used as the matrix and 

several reinforced materials are embedded into the 

matrix. Some of the reinforced materials are silicon 

carbide, graphite, fly ash, particulate alumina, red mud, 

cow dung, rich husk etc. AMMC are in demand due to 

their properties like low density, high specific strength, 

high damping capacity, high thermal conductivity, high 

specific modulus, and high abrasion and wear resistance, 

low density, good mechanical properties, low thermal 

coefficient of expansion, better corrosion resistance,  

high strength to weight ratio and high temperature 

resistance etc. Aluminum metal matrix metal matrix 

composite provides lesser wear resistance when 

compared to steel and hence it is widely used as a matrix 

metal. 

 

The AMMC can be manufactured by various 

manufacturing techniques such as stir casting, powder 

metallurgy, pressure infiltration, squeeze casting, 

chemical vapor deposition etc. Amongst all the 

processes, stir casting is the most common method used 

by the researchers. 

 

Composite systems and developments 

Composites with polymer matrices 

Polymer-matrix composites (PMCs) have matrices of 

thermoplastic or thermosetting polymers traditionally 

glass fiber available in the form of roving‟s or woven 

material embedded in polyester. These materials are 

utilized at temperature of not more that 200
o
C in 

commercial, industrial, and transportation applications, 

including chemically resistant piping, valves, pressure 

vessels, and reactors. The large numbers of resin 

formulations, curing agents, and fillers provide an 

extensive range of possible properties. Because they are 

superior to polyesters in resisting moisture and offer 

superior mechanical properties, epoxies have been the 

commonest thermosetting matrix material for more 

demanding applications. Bismaleimide resins (BMIs), on 

the other hand, possess many of the same desirable 

properties as epoxies, such as hand ability, relative ease 

of processing, and good mechanical properties, and have 

service temperature of up to 250
o
C compared with 180

o
C 

for epoxies. Thermosets are constantly being upgraded to 

tougher grades of higher heat resistance. Newly 

developed polyamide (PI) resins, for instance, can 

withstand exposure to temperatures of more than 300
o
C. 

However, when these polymers cure, volatile matter is 

released, which produces undesirable voids in the final 

product. Although this problems has been solved. 

 

Composites with metal matrices 

Metal-matrix composites are currently the focus of 

intense world-wide research and development. These 

materials are fabricated by liquid-infiltration techniques, 

such as high pressure infiltration casting, squeeze 

casting, vacuum in filtration casting, compo casting, and 

pressure less metal infiltration. Other methods of 

fabrication include powder metallurgical techniques, 

plasma spraying of matrix material over properly laid 

fibers, physical vapor deposition, hot pressing, and self-

propagating high temperature synthesis or reactive 

synthesis. In addition to improved strength, stiffness, and 

abrasion resistance, and reduced density, MMCs are 

capable of providing increased oxidation resistance at 

high temperature operating limits. Fiber reinforcements 

in metal matrix materials of particular interest include 

carbon graphite (continuous fiber)/copper, graphite 

(continuous fiber)/aluminum, SiC (carbon-coated 

discontinuous fiber, whisker and particulate)/ aluminum, 

SiC (whisker and particulate)/magnesium, and Sic 

(particulate)/magnesium. Although not precisely termed 

MMCs, reinforced ordered intermetallic composites, 

such as titanium and nickel aluminides, are becoming 

important because the aluminides exhibit the unusual 

characteristic of increased yield strength with 

temperature. Other systems include the use of graphite 

added to aluminum and zinc alloys to improve wear 

resistance by the formation of a lubricating film on the 

surface of the material. 

 

3. MECHANICAL PROPERTIES 

The aluminum metal matrix composites have various 

effects on the mechanical properties that impart many 

modern-day applications. Investigation on mechanical 

properties tends to make the study of composites in 

depth. The various mechanical properties that are 

considered in the present study are as follows. 

 

Hardness 

The maximum hardness was obtained at a weight 

fraction of 25% with the values of 45.5 BHN. Had 

experimented the indentation hardness on Aluminum-

Silicon carbide with p-bond composite. The particle size 

of 74 microns of silicon carbide corresponding to 200 
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mesh had been taken. It was found from the results that 

with the increase in silicon carbide when compared to 

that of the pure form of aluminum had found during the 

synthesis and characterization of A1 356 with silicon 

carbide that the BHN increased with increase in wt. % of 

silicon carbide. 

 

Tensile Strength 

The study showed that the 20% weight fraction of silicon 

carbide in the aluminum matrix has the maximum tensile 

strength. The reason for the increase in the tensile 

strength is due to the tensile load transfer to the strongly 

bonded silicon carbide reinforcement which increases the 

dislocation density and thus resulting in the grain 

refining effect. The results of the tensile test on A16061 

reinforcement with silicon carbide and particulates of 

graphite showed that A16061- graphite was having 

higher tensile strength that A16061- silicon carbide. This 

is due to the high strength possess by the filler graphite. 

Interestingly, at 12% weight fraction, the tensile strength 

remained same due to poor wetting of graphite. 

 

Compressive strength 

The addition of graphite and fly ash with Aluminum 

alloy of LM 25 as the base metal with varying 

percentage of silicon carbide (2%, 4% and 6%) displayed 

the best combination that can withstand the compressive 

force. The property of fly ash particles hardens the base 

alloy and as a result, the compressive strength increased 

with the increase in the size of the fly ash particles. 

Hence, Fly ash is the most compatible reinforcement for 

compressive strength and it is economical too. The 

experiment on aluminum (Alsi10Mg) with rice husk ash 

as the reinforcing material. Rice husk was added at 9 and 

12 wt. %. Considering different weights of microns. 

After analyzing its properties, it was observed that the 

compressive strength increased in this aspect. However, 

all the properties tend to decrease with increase in the 

size of particles. 

 

Impact Strength 

The examined parameters of Aluminum 7075 with 

reinforcements such as silicon carbide, fly ash and red 

mud. The results of Chirpy impact test showed that the 

impact strength increased with increase in the percentage 

of silicon carbide but decreased with increase in the 

percentage of fly ash and red mud. When red mud and 

fly ash were compared, the former showed more impact 

strength. The composite of aluminum alloy with silicon 

carbide as the reinforced material showed that as the 

content of silicon carbide increased, the impact energy 

decreased and the reason behind this was the brittle 

nature of the material. 

 

4. RESULT AND DISCUSSION 

The purpose of this literature review is to have a broader 

perspective about the different grades of aluminum and 

choosing the best combination of the individual 

parameters considered. 

1. Hardness shows the best results when the silicon 

carbide is employed at 25% weight percent. 

2. Hardness increases with the increases in silicon 

carbide but decrease with increase in graphite. 

Hence to obtain an optimum hardness of the desired 

number, both the reinforced material can be used in 

proper proportions. 

3. Several reinforced materials such as graphite, fly 

ash, red mud and alumina has shown better results 

pertaining to tensile strength when compared to 

Silicon carbide. 

4. For the improvement of compressive strength, fly 

ash particles are the most appropriate ones as it 

indurates the base alloy. 

5. Ductility is one such property which tends to 

decrease with the addition of reinforced material. It 

decreases constantly when silicon carbide is 

reinforced whereas in the case of fly ash, it 

decreases drastically up to the addition of 10% and 

then gradually. 

6. Reinforcing the matrix with silicon carbide and 

graphite results in no pores if the mixing is done 

well. 

7. Various organic reinforced material such as rice 

husk ash and cow dung also plays a significant role 

in the improvement of properties and are in recent 

trends due to its economic value. 

8. The addition of silicon carbide consistently shows 

prominent results in increasing the wear resistance. 

9. Various mathematical models and analysis prove a 

useful technique in determining the optimum 

machining parameters. 

10. Uniform distribution is apparently more evident in 

Aluminum-Graphite composite rather than 

aluminum-silicon carbide. 

11. The addition of graphite results in the decrease in 

the thermal expansion of the composite. 

 

5. CONCLUSION 

Metal matrix composites usually consists of light-weight 

metals like aluminum, magnesium, or titanium, and the 

reinforcements are usually ceramic particulates, 

whiskers, or fibers. The reinforcements are an important 

factor in determining the properties, performance, or 

fabrication of the MMCs. Since there is a wide variety of 

types of reinforcements and fabrication methods, the data 

for properties of different MMCs are usually 

inconsistent. Generally, aluminum MMCs and 

magnesium MMCs have many similarities in mechanical 

properties and are most widely used for light-weight 

components in the automobile and aerospace industries. 

Titanium MMCs are used specifically for applications 

that require high temperature properties. More research 

investigations and development studies are being 

conducted to further enhance the properties and 

fabrication technologies, promoting the application and 

commercialization of MMCs in the future. 
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