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Abstract
Particulate reinforced metal matrix composites are finding wider acceptance in many industrial applications
because of their isotropic properties and ease of manufacture. Uniform distribution of reinforcement
particulates and good bonding between matrix and reinforcement phases are essential features in order to
obtain metal matrix composites with improved properties. Even though stir casting is the most commonly
adopted technique for processing MMCs, because of its simplicity, it has got its own limitations in terms of
non-uniform distribution of reinforcement particulates, agglomerate formation and porosity levels.
Conventional powder metallurgy technique can successfully overcome the limitation of stir casting
techniques, but it is time consuming and not cost effective. Use of microwave technology for processing
particulate reinforced MMCs through powder metallurgy technique is being increasingly explored in recent
times because of its cost effectiveness and speed of processing.
Metal matrix composites are used in many industrial applications, where components are subjected to relative
sliding motion with respect to their mating components. Pistons, cylinder liners, brake calipers, clutch and
brake discs are some of the examples, where components are subjected to relative sliding motion.
Tribological characteristics play important role in such applications for efficient performance of the
mechanical system.
The present work is a small attempt to process Al-SiCp metal matrix composites using microwave
technology. Some of the Tribological characteristics of the processed composites have been studied. The
results of the study indicate effectiveness of microwave technology in processing metal matrix composites
and improved tribological characteristics of the composite materials.
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1. Introduction
A composite material is a material composed of two or more distinct materials or constituents,
with one constituent acting as the reinforcing phase and the other as the matrix. A composite
material will have different macroscopic behaviours, or chemical and physical properties than its
constituent materials, and has a distinct interface boundary at the microscopic level. The main
advantage of a composite material over conventional material is the combination of different
properties which are not often found in the conventional materials. The extraordinary combination
of properties includes high strength to weight ratio, higher stiffness to weight ratio, improved
fatigue resistance, improved corrosion resistance, higher wear resistance and fracture toughness
[1].
Among many types of MMCs, Aluminium alloy based composites are known as very promising
light materials with enhanced mechanical properties. In fact, by introducing a hard reinforcement
phase, the properties such as hardness, stiffness, wear and corrosion resistance, fatigue resistance
of aluminium alloys could be significantly improved. Aluminium Metal Matrix composites
(AMC) were identified as good materials for automobile and space application [2, 3].
Metal Matrix Composites are produced by different methods such as stir casting, liquid
infiltration, spray deposition and powder metallurgy technique. Among these, powder metallurgy
processing is one of the effective methods of manufacturing MMCs with high volume of
reinforcement with fairly uniform distribution. Powder metallurgy technique consists of three
major processing stages. First, the primary material is physically divided into many small
individual particles. Next, the powder is passed through a die to produce weakly cohesive structure
(Compaction) very close to the dimension of the object to be manufactured followed by
subsequent heating or sintering of compacted objects in the mould with temperature below melting
point under non oxidizing atmosphere. MMC’s which are processed by some of the traditional
methods resulted in some defects like irregular grain shapes, non uniform distribution of
reinforcement, blow holes etc. Also the time required for this process is very large [4, 5]. In order
to minimize these drawbacks, suitability of advanced Microwave processing technique is being
investigated in recent times.
Microwave processing of metals is a fast-developing technology. Microwaves have been found to
be extremely useful in material processing. In conventional heating processes, initially, surface
heating of the bulk material takes place, with the rate of heat flow depending on the temperature
gradient and physical properties of the material like thermal diffusivity and thermal conductivity
[6]. In microwave processing, on the other hand, electromagnetic energy is used to heat the
material and volumetric heating takes place throughout the material body. The application of
microwaves yields very fast and clean processing of materials [7, 8].
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2. Materials and Methodology
In the present work aluminium powder Al 1100 with an average particle size of 40µm is used as
the base material and silicon carbide powder with an average particle size of 23 µm is used as
reinforcement material. Chemical composition of Al and properties of Al & SiC powders used are
listed in table 1, 2 and 3 respectively.
Table 1: Chemical Composition of Al 1100
Elements

Percentage of contents

Al

91.1-93.3

Cu

≤0.2

Iron

≤0.2

Mg

0.25-0.45

Mn

≤0.1

Silicon

<0.05

Titanium

6.5-7.5

Zinc

≤0.2

Others

≤0.1

Table 2: Properties of Al 1100
Property

Value

Elastic Modulus (GPa)

70-80

Density (gm/cc)

2.8

Poisson’s Ratio

0.33
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Hardness (HB500)

28

Tensile Strength (MPa)

110

Melting Temperature (oC)

640

Table 3: Properties of SiC
Property

Value

Elastic Modulus (GPa)

410

Density (gm/cc)

3.1

Poisson’s Ratio

0.14

Hardness (HB500)

2800

Compressive Strength (MPa)

3900

Melting Temperature (oC)

3100

Synthesizing of Al-SiC Metal Matrix Composites
 Initially, aluminium powder is mixed with 4% of SiC by using bi-axial powder blender at 150
rpm for 30 min by adding 20% of ethanol to the powder sample.
 Blended powders are compacted inside the compaction die of 35mm diameter by applying
load of 150KN using UTM.
 The compacted aluminium - SiC MMC is placed above the silicon carbide susceptor in
microwave furnace, such that initial coupling of susceptor with microwaves allows heating of
MMC billet.
 The billet along with the susceptor is placed inside alumina casket which will not allow the
microwaves to escape out of the chamber. The MMC sample is heated at 550 for 10 min at
900W.
 Microwave processed MMC is subjected to secondary processing of extrusion, with an
extrusion ratio of 12.25 at 320
temperature by using extrusion die setup.
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Tribological Characterization
In the present study, Pin-on-Disc testing method was used for investigating wear as well as
frictional behaviour of materials. The pin is loaded against a flat hardened steel rotating disc such
that a circular wear path is described. The machine can be used to evaluate wear and friction
properties under pure sliding condition. Figure 1 shows schematic diagram of Pin-on-Disc setup.
The specifications of the equipment are listed in the Table 4.

Figure 1: Schematic diagram of Pin-on-Disc setup
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Table 4: Technical Specifications of Wear and Friction Test rig
Rotational Speed

Up to 2000 rpm

Track Diameter

20mm -118 mm

Load Range

Up to 200 N

Disc Size

Diameter 120 mm x Thickness
8mm

Pin Size

Diameter 10mm x Length 30mm

Wear or Displacement

Up to 2000 Microns

Frictional Force

Up to 200 N

Dry sliding wear tests were carried out using pin-on-disc wear testing machine. The standard wear
test specimens (shown in the figure 2) were prepared by machining the extruded material. The
specimens were weighed accurately using electronic balance. The counter face disc was cleaned
with acetone to remove any oil film present. The wear test was conducted at different loads, of 1040N at constant velocity of 2 m/s for a sliding distance of 3000m.
Figure 3 illustrates the variation of dry sliding wear with normal load. It can be observed from the
plots that the wear increases continuously with increase in load.
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Figure 2: Wear Testing Specimens

3. Results and Discussions
Wear v/s Normal Load

Figure 3: Wear v/s Normal Load
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Frictional Force v/s Normal Load

Figure 4: Frictional Force v/s Normal Load
It is observed that the aluminium matrix material is having higher wear rate compared to the Al
with 4% SiC. Similarly, from figure 4, it can be observed from the plots that the frictional force
increases with increase in load.
During asperity interaction between pin surface and hardened steel disc counter surface, the
specimen made of Aluminium material alone, undergoes plastic deformation because of its
softness. This results in increased resistance to sliding causing higher frictional force. In case of
pin specimen made of Al with 4% SiC composite materials, the pin slides over the asperities of the
counter surface with relatively lesser deformation, because of its higher hardness. This result in
relatively lesser frictional force compared to pure aluminium specimens. At higher loads it is
observed that, the slope of friction force decrease in case of pure aluminium specimens. This can
be attributed to the fact that at higher loads interface temperature increases. In case of pure
aluminium specimen material gets softened at higher temperature, resulting in reduced resistance
to motion against asperities. This could be the reason for decreasing trend in slope of friction force
curves in case of pure aluminium specimens.
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Specific Wear Rate v/s Normal load

Figure 5: Specific wear rate v/s Normal load
Figure 5 shows that specific wear rate decreases with increasing load. At lower loads there will be
higher levels of asperity interaction between the sliding surfaces, resulting in higher specific wear
rate. At higher loads, interface temperature increases causing flattening of asperities resulting in
increased contact area between sliding surfaces. Increased contact area between the mating surface
causes reduced contact pressure at local areas of contact. This results in reduced wear loss rate of
the material. Hence the specific wear rate decreases with increase in normal load.

4. Conclusions
Following conclusions are drawn from the investigations of present work:


Aluminium-SiC Metal matrix composite is successfully fabricated by using microwave
processing technique.



The processing of MMC by using microwave technique is relatively faster compared to
the conventional processing technique.



Wear properties of the Aluminium alloy were considerably improved by the addition of
SiC particulates and the wear resistance of the composites was much higher than that of
unreinforced Aluminium alloy.
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