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ABSTRACT
In recent years, there has been a great deal of interest in particulate – reinforced MMCs and, in particular,

those based on existing copper alloys. These are highly potential alloys which exhibit good wear resistance, good
machinability, cold workability, fatigue resistance, corrosion resistance etc and can operate in very severe condition and
up to temperatures of around 450°C. The manufacturing process will determine the property/cost reduction, Powder
Metallurgy can produce Metal Matrix Composites (MMCs) in the whole range of matrix reinforcement composites
without the segregation phenomena typical of the casting process.

Copper (Cu) Metal Matrix Composites (MMCs) have been attracting researchers interest in recent years, since
it can provide many advantageous characteristics. In this paper, copper metal matrix reinforced with different weight
percentage of alumina particulates were prepared by the powder metallurgy route. Porosity, Microstructure, hardness,
compression strength of the composites was evaluated.

Keywords Copper (Cu) Metal Matrix Composites, MMC, mechanical properties and Powder metallurgy

1. INTRODUCTION:
Recently new materials have taken the important position in engineering field. Those materials fullfil the
demand of almost all engineering applications maintaining tremendous mechanical and physical properties. In
present situation, various scientists and researchers have developed the unavoidable compatible new
engineering materials. Various materials have been combined with each other and give intended properties in
each and every part of the world i.e. the development of new materials give another unique property and are
different from their base materials. From the ancient age, this idea has been effective for mankind. Composite
materials make this concept true and reinforcement in a matrix of this material contributes enhancement
properties. But, neither matrix nor reinforcement alone but only composite material can be able to fulfill the
requirement. Composites are exciting materials which find increasing applications in aerospace, defence,
transportation, communication, power, electronics, recreation, sporting, and numerous other commercial and
consumer products. Rapid advancement in the science of the fibres, matrix materials, processing interface
structure, bonding and their characteristics on the final properties of the composite have taken place in the
recent years. Composites are hybrids of two or more materials such as reinforced plastics, metals or ceramics.
Then the properties of a composite are superior to those of its individual constituents. In a typical glass fibre
reinforced plastic composite, the strength and stiffness are provided by the glass fibres while the temperature
capabilities of the composite are governed by plastic matrix. They were also used in car bodies, appliances,
boats etc. because of their light weight and ease of production. Complex composite parts are made by
injection moulding. Advanced composites are manufactured by using these polymers with reinforcements of
stronger fibres such as carbon and Aramid. These composite have applications in aircraft, automotive
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industry. The limitations of the polymer matrix composites at elevated temperature can be recovered by using
metal matrix composites.

Copper is mostly used industrial and functional metal for thermal and electronic packaging,
electrical contacts and resistance welding electrodes as it has very good electrical and thermal conductivity.
During the operation of a large class of electrical machinery one is faced with the problem of transferring
electric current from a stationary conductor to another conductor moving relative to it. The chief method of
current transfer used today is that in which one conductor slides on the other, the current being transferred
across the sliding interface. This form of contact at once imposes a conflict of requirements; on the one hand a
large contact force is desirable to maintain effective current transfer, whilst on other hand it is advisable to
have as small a contact force as possible in order to reduce the wear of the sliding components. certain metals,
metal oxides and non-metallic materials have desirable characteristics for contact applications, such as erosion
and welding resistance, but are of low conductivity. Combination of these with copper, to give acceptable
conductivity, should therefore produce a material with optimum properties. Unfortunately the metals
concerned are of high melting point and do not alloy with copper, consequently it is not possible to produce
them by conventional melting techniques. This also applies to the metal oxide and  non-metal combinations
with copper. The only viable manufacturing procedure at room temperature to produce such combinations is
powder metallurgy.

2. LITERATURE REVIEW:
Bhaskar Chandra Kandpal, et al [1] this paper discuss the Metal matrix composites, production technologies
related to MMCs. In this the recent progress in production technologies of metal matrix composites is
reviewed. Composite materials are often shortened to composites  are engineered or naturally occurring
materials made from two or more constituent materials with significantly different physical or chemical
properties which remain separate and distinct at the macroscopic or microscopic scale within the finished
structure Metal Matrix Composites (MMCs) are made of a continuous metallic matrix and one or more
discontinuous reinforcing phases.

Much attention has been focused on Cu matrix composites with ceramic reinforcements, because of their
excellent combination of thermal and electrical conductivities, micro structural stability and strength retention
at elevated temperatures [2]

Aluminium metal matrix composites(AMMCs) have considerable applications in aerospace, automotive and
military industries due to their high strength to wear ratio, stiffness, light weight, good wear resistance and
improved thermal and electrical properties [3-4].

Composites materials have been utilized to solve technological problems for a long time but only in the 1960
did these materials start capturing the attention of industries with the introduction of polymeric based, metal
matrix based composites. A composite material is made by combining two or more materials to give a unique
combination of properties [5]

N. Sata investigated in detail the combustion reaction behavior in the Cu-Ti-B System [8]

2.1   COMPOSITES
Composite materials are structured material composed of two or more materials by (reinforcing element, filler
and composite matrix binders) differing in the form of composition on a macro scale. The constituents retain
their identities and they don’t dissolve and merge completely into one another. The matrix combined with
reinforcement improves different properties like physical, mechanical and wear properties etc. The combined
material exhibits better strength than the individual one. The demands on material performance are so great
and diverse. These materials offer the advantage of flexible design that can be tailored to the design
requirement. In principle, composites can be fabricated out of any combination of two or more materials—
metallic, organic or inorganic; but the constituent forms are more restricted. Composite materials are said to
have two phases. The reinforcing phase is the fibres, sheets, or particles that are embedded in the matrix
phase. The reinforcing material and the matrix material can be metal, ceramic or polymer and these materials
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are strong with low densities while the matrix is usually a ductile or tough material. The combination of
matrix and reinforcement also depends upon strengthening mechanism. If the composite is designed and
fabricated correctly, it combines the strength of the reinforcement with the toughness of the matrix to achieve
a combination of desirable properties not available in any single conventional material. Some composites also
give the advantage of being tailorable, so that properties such as strength and stiffness can easily be changed
by changing amount or orientation of the reinforcement material.  To obtain desirable properties in a
composite, the applied load should be effectively transferred from the matrix to the reinforcement via the
interface. Composites may be dispersion strengthened; fibre reinforced and particulate reinforced depending
upon strengthening mechanism. For a composite to be isotropic in a specific property, such as CTE or
Young’s modulus, all reinforcing elements, whether fibers or particles have to be randomly oriented. This is
not easily achieved for discontinuous fibers, since most processing methods tend to impart a certain
orientation to the fibers. Composites differ by their matrix type, reinforcement type, size and form,
composition, temper state, etc. There are three broadly classified groups of composites:

 Polymer matrix composite (PMC)

 Ceramic matrix composite (CMC)

 Metal matrix composite (MMC)

Fig 2.1   Group of composites

 Polymer matrix composites (PMC’s): Polymer matrix composites are composed of a matrix from
thermo set (Unsaturated polyester(UP), Epoxy (EP)) or thermo plastic (polycarbonate (PC), PVC etc.,)
embedded with glass, carbon etc.

 Ceramic matrix composites (CMC’s): Ceramic matrix composites are composed of a ceramic matrix
and embedded fibers of other ceramic material. Silicon carbide, boron carbide, alumina matrix composites are
examples of CMC’s.
 Metal matrix composites (MMC’s): Metal matrix composites are composed of a metallic material as
matrix phase and a dispersed ceramic or metallic fiber phase. Aluminum, copper, iron titanium matrix
composites are examples of MMC’s
2.2 METAL MATRIX COMPOSITES (MMC):
Advanced composites based on metallic matrices have a somewhat recent history, yet the opportunities look
very promising. The first MMCs were developed in the 1970s for high performance applications using
continuous fibers and whiskers for reinforcement. Metal matrix composites (MMCs) combine both metallic
properties (ductility and toughness) with ceramic properties (high strength and modulus) possess greater
strength in shear and compression and high service temperature capabilities. The extensive use of MMCs in
aerospace, automotive industries and in structural applications has increased over past 20 years due to the
availability of inexpensive reinforcements and cost effective processing routes which give rise to reproducible
properties. The frontier zone between the matrix and reinforcement phase (interfaces or inter phase) is an
essential part of MMC. Bonding between the two phases develops from interfacial frictional stress, physical
and chemical interaction and thermal stresses due to mismatch in the coefficients of thermal expansion of the
matrix and reinforcement. During the design of a MMC the underlying interfacial phenomenon which governs
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the transmission of thermal, electrical and mechanical properties is of utmost importance. The recent
recognition that addition of ceramic reinforcements enables manipulation of physical as well as mechanical
properties of MMCs has led to increasingly widespread use of these materials in electronic packaging and
thermal-management applications. Recent market forecasts suggest the prospect for accelerating growth of
MMC  use as the materials are more widely understood and are cheap, suggesting a bright future for this class
of materials. Research and development on MMCs have increased considerably in the last 10 years due to
their improved modulus, strength, wear resistance, thermal resistance and fatigue resistance and improved
consistency in properties and performance in general compared to the unreinforced matrix alloys. The
reinforcements are added extrinsically or formed internally by chemical reaction. The properties of MMCs
depend on the properties of matrix material, reinforcements, and the matrix-reinforcement interface.

2.3 FABRICATION OF METAL MATRIX COMPOSITE
In general the most common manufacturing MMC technologies are made by different ways like

• Solid state processing • Liquid state processing • Vapor state processing • Plasma /spray deposition • In situ
processing

2.4 SOLID STATE PROCESSING
In solid state processing, the reinforcement is embedded in matrix through diffusion phenomena at high

pressure and high temperature. It appears crucial monitoring of the diffusion phenomena to avoid the growth
of undesirable phases or compounds species on interfaces. The various steps of processing are usually
preceded by a "pre-processing" for the purpose of preparing the surface. The most common solid phases are
based on powder metallurgy techniques. These typically involve discontinuous reinforcement, due to ease of
mixing, blending and effectiveness of densification. The ceramic and metal powders are mixed iso statically,
cold compacted and hot pressed to get full density. Then the fully dense compact typically undergoes a
secondary operation such as extrusion, forging.

Solid state processing method is followed by two ways:

1. Diffusion bonding 2. Powder metallurgy

3. FABRICATION OF MMC BY POWDER METALLURGY
In this work for the production MMC Powder metallurgy process was chosen copper powder is taken as
matrix phase and alumina is taken as reinforcement material. The characteristics of the copper and alumina
powders used in the present investigation are given in Table 3.1

3.1 CHARACTERISTICS OF COPPER AND ALUMINA POWDERS:
The performance of the material during processing as well as the properties of the finished product depends to a
large extent upon the basic characteristics of the powder material.

Table 3.1 characteristics of metal powders
Characteristics Copper Alumina

Type Electrolytic Active Neutral
Average Particle Size 0.149mm 0.25mm

Apparent density(gm/cc) 2.28 1.059

Alumina is added to copper in the following manner showed in the table 3.2

Table 3.2 Nominal composition of composites in mass and volume percentages
Mass %
Al2O3

Volume %
Al2O3

5.0 10.64
10.0 20.09
15.0 28.5
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3.2 MIXING OF POWDERS:
For blending of the powders, to achieve homogenous mixture, attrition mill is used. An attrition consists of a
cylindrical chamber in which a shaft with impeller is placed. When the shaft moves, impeller agitates the steel
balls, which in turn taps, vibrates the powder placed in the vial. Because of this tapping, vibration, impact forces
and shear forces powder particles get cold welded and uniform distribution is achieved.

4. METHODOLOGY:
Firstly, attrition balls and vial container are cleaned with Acetone to   make them free from dirt, so that powders
don’t get contaminated. Then the shaft with impellers is placed in the vessel and the vessel is closed. Then the
total attrition mill is placed on the drilling machine and the shaft is fixed in the drill jaw to give motion. Then
powders to be mixed are flowed into the mill through the hole provided in the mill as shown in the figure 4.1. The
powders are to be flowed considering the BCR, and the composition of composites. Then the attrition mill is to be
on and the balls should be now flown into the chamber through the same hole. Process variables employed in the
present work, milling speed of 300 rpm and milling time of 3 hours is maintained, BCR of 2:1 is maintained
for homogenous mixture.

Fig 4.1Attrition mill setup
4.1. COMPACTING:
Compacting is third stage of Powder metallurgy process, in which, powders are consolidated into the required
shape. The major objectives of the consolidation of powdered mass are

 Compacting powders into desired shape
 Consolidating the powders for exact final dimensions
 Elimination of porosity

The basic equipment and tools required for conventional die compacting are,

 A source of energy or pressure for the consolidation of powdered mass
 A preformed die of proper strength to produce desired shape
 Upper and lower punches of proper strength and design to facilitate proper die filling and compaction.

4.2 PROCESS OF COMPACTING:
In the process of compacting first the dies are cleaned with acetone so that the powders don’t get
contaminated. Then a paste of zinc stearate and acetone is applied to the die for easy removal of green
compact specimen. Cylindrical sample specimen die are employed in the work. as shown in the figure 4.2
After filling the powders into the die and compacting was done with UTM as shown in Figures 4.3&4.4
compacting pressure is applied gradually to a range of 450MPa. When the force is applied, dies are fixed to
the upper and lower punch. After proper compaction, green specimens are ejected from die and is ready for
sintering.
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Fig 4.2 Compacting die

Fig 4.3 UTM for compacting

Fig 4.4 Experimental setup for compaction of powder

4.3. SINTERING:
Sintering is the final stage of P/M technique in which, green compacts are treated at elevated temperature
under inert atmosphere. Sintering equipment consists of an electric furnace with a facility to vary the
temperature. The rate of heating is regulated by varying the regulator of power supply. Argon cylinder is used
to provide inert atmosphere in the furnace. The process variables employed for sintering process in the present
work is listed here,

 Argon gas is used to create sintering atmosphere in the furnace.

 Samples were treated at 9500C argon gas atmosphere.

 Sintering time employed was 2 hours.

The green compacts prepared are kept in the electric tube furnace of sintering setup as shown in Figure 4.5.
Argon gas cylinder is connected to the furnace in such a manner that the gas is first purified from moisture
content and any impurities. Then the furnace is gradually heated at the rate of 50C/min, till 9500C temperature
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is achieved, then the specimens are maintained at this level for 2 hrs and then heat source is put off. The
specimens are furnace cooled till room temperature is achieved

Fig 4.5 Sintering setup

5. RESULTS:
5.1 Theoretical density:
Theoretical density of each composition can be calculated by simple rule of mixtures

Rule of mixtures: Rule of Mixtures is a method of approach to approximate estimation of composite
material properties, based on an assumption that a composite property is the volume weighed average of the
phases (matrix and dispersed phase) properties. According to Rule of Mixtures properties of composite
material are estimated as follows:

dt = dm*Vm + df*Vf

Where, dt, dm, df - densities of the composite, matrix and dispersed phase respectively;

Vm, Vf - volume fraction of the matrix and dispersed phase respectively.

dm = density of copper matrix = 8.96g/cc

df = density of alumina  reinforcement = 3.95g/cc

Table 5.1 Theoretical densities
Component dm (g/cc) df (g/cc) Vm % Vf % dt (g/cc)

Cu+5wt%alumina 8.96 3.95 89.36 10.64 8.427
Cu+10wt%alumina 8.96 3.95 79.91 20.09 7.953
Cu+15wt%alumina 8.96 3.95 71.5 28.5 7.532

5.1.1Actual density:
The actual densities for pure copper and composites were calculated using Archimedes’ principles. The
samples were weighed in air (Wa), then suspended in distilled water and again weighed (Ww). The actual
density was calculated according to equation

xρw

Where da is the actual density, Wa is the weight of the sample in air, ρw is the density of distilled water and
Ww is the weight of the sample in distilled water. The sample was weighed using an electronic balance with
an accuracy of 0.1 mg. where density of water is 1g/cc

Table 5.2 Actual densities

Component Ww (g) Wa (g) da (g/cc)

Cu+5wt%alumina 62.641 54.788 7.977

Cu+10wt%alumina 90.310 78.153 7.429

Cu+15wt%alumina 87.618 75.014 6.592
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5.2 POROSITY:
Porosity or void fraction is a measure of the void spaces in a material, and is a fraction of the volume of
voids over the total volume, between 0 and 1, or as a percentage between 0 and 100%.

The porosity of a material can be calculated by the following equation

Φ = 1-

Table 5.3 Porosity values for different components

Graph 5.1 variation of porosity with % wt of alumina

5.3 MICROSTRUCTURE:
The microstructure consists of grain size 0.030mm with microcracks and voids in the matrix of copper solid
solution shown in Figure 5.2

Fig 5.2 Cu with 5%wt alumina Fig 5.3 Cu with 10%wt Alumina

Component da (g/cc) dt (g/cc) Porosity ϕ % ϕ

Cu+5wt%alumina 7.977 8.427 0.0532 5.32

Cu+10wt%alumina 7.429 7.953 0.0658 6.58

Cu+15wt%alumina 6.592 7.532 0.0769 7.69
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The microstructure consists of grain size 0.025mm with voids in the matrix of copper solid solution as shown
in Figure 5.3

Fig 5.4 Cu wth 15%wt Alumina
microstructure consists of non uniform grain size of 0.020mm-0.030mm with voids in the matrix of copper
solid solution shown in Figure 5.4

5.4 HARDNESS TEST
Table 5.5 Brinell hardness number

P(kgf) D(mm) d(mm) BHN

Cu+5wt%alumina 750 10 4.264 50
Cu+10wt%alumina 750 10 3.833 62.5

Cu+15wt%alumina 750 10 3.5988 71.26

5.5 COMPRESSION TEST
Table 5.6 Compression strength values in MPa

Component Load(kgf) Load (KN) Area(mm2) Compression
strength in MPa

Cu+5wt%alumina 2840 27.860 490.87 56.757

Cu+10wt%alumina 2400 23.544 490.87 47.963

Cu+15wt%alumina 2320 22.759 490.87 46.365

CONCLUSIONS
The copper metal matrix reinforced with different weight percentages of alumina particulates was prepared
through the powder metallurgy technique and different properties of these composites were evaluated. The
behavior of different properties are

 With an increase in Al2O3 content there is an increase in the l hardness values.
 There is a decrease in the density with increase in Alumina weight percentage.
 The results of porosity indicate that there is an increase in Porosity values with increase      in
reinforcement content.
 Microstructure reveals that grain size also considerably increasing and components have voids in the
microstructure with increase in % weight of alumina.
 There is a slight decrease in the Compression strength with increase in Al2O3.
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