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ABSTRACT

Metal Matrix Composites (MMCs) are enginecring materials formed by combination of two
or more dissimilar materials of which atleast one is a metal. In the present investigation Al-15%Ph
powders containing 0, 5, 10, 15 and 20 weight % Fly Ash were prepared. The powder mixtures were
compacted at pressures ranging from 200-400 Mpa. The effects of compaction pressure and fly ash
content on green properties of compacts were determined. It was found that green density, ejection
pressure and spring back increased and true porosity decreased with increasing compaction pressure.
For a fixed compaction pressure increasing fly ash content was found fo decrease ejection pressure

and green density.
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1. Introduction

Metal matrix  composites are enginecring
materials formed by combination of two or mare
dissimilar materials of which atleast one is a metal,
These have enhanced propertiss including  higher
strength, low thermal expansion, higher fatigue life and
higher wear properties companad to those of their matrix
alloys [1-5]. Aluminum is & remarkable metal which
posses @ combination of qualities that make it suitable
for variety of applications. lis use is increasing because
of its lightness, corrosion resistance, pood formabiliy
and ability to provide a range of mechanical properties
by processing, alloying and heat treatment. A number of
Al-base bearing materials have been developed [6, 7]
with various metallic and non metallic [8-10] additions
o improve their antiseizing property. Among the
metallic additions, Sn is the most common. However,
PB[11-16] has been tried as a substitute for Sn by
various research workers because of its lower modulus
of elasticity, hardness and cost as compared to those of
Sn.

Leaded Aluminum alloys was produced by
D.Math{17,18] by powder metallurgy technique and
they have observed minimum speing back and
maximum green hardness and strength for Al-15%Ph.
Fly Ash is a particulate waste material formed as a result
of coal combustion in power plants, is one of the
cheapest and lew density reinforcement commonly used
in Aluminum MMCs[19,20,5]. It is reported that
addition of fly ash has reduced density and coefficient
of thermal expansion and increased wear resistance and
stiffness. Ramana etal [21] studied the properties of
aluminum fly ash alloy produced by conventional
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powder metallurgy technique. The present experimental
investigation describes the preparation of green
compacts with Al-15% Pb -Fly ash by conventional
powder metallurgy processing and some of its
compacting characteristics are discussed.

2, Experimental Procedure

The material wsed during the present
investigation were commercially available powders of
Al (9%% pureland lead {995 % pure)Fly Ash was
collected from VTPS, Vijayvawada, Krishna Disirice,
Andhra Pradesh, India. Mixtures of these powders
containing Al=15%FPb and 0, 5, 10, 15 and 20 weight %
Fly Ash were prepared and blended. The powders were
compacted at 200,300 and 400 MPa using a uni-axial
hydraulic press. Silicone fluid speay is used as a die wall
lubricant. The properties like ejection pressure, green
density, spring back, true porosity, of the compacts thus
produced were evaluated,

3. Results and Discussions

3.1 Powder characteristics

The scanning electron  micrographs of
aluminum, lead and fly ash powder particles are shown
in Figures 1, 2 and 3 respectively.
From Fig.l, it can be understood that the aluminum
powder particles are in elongated spherical shape,
wherein the typical length scales are much larger than
the corresponding thickness'diameter. From Fig2 it is
concluded that the Fly Ash paricles are in general
globular. As high pressure hot gases surround the ash
particles coming out of the boiler after the coal
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combustion, the particles are tend to get globular shape.

1t is evident from the micrograph that there exists wide
range of particle size right from as small as 5 microns to

a3 high as 50 microns, From Fig.3 it can be concluded
that the lead particles are near spherical and particle size
range is in between 20-40 microns.
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Fig. 3 SEM Photograph of Lead Powder
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3.2 Compacting Characteristics

The effect of compaction pressure and Fly Ash
content on the cjection pressure is shown in Fig.7 & 8
respectively.
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Fil. T Effect of Compaction Pressure on Ejection
Pressure
The cjection pressure  increases  with

compaction pressure and this may be due to increase in
real aréa of contact between the die wall and compact
with increasing compacting pressure as evident from
Figd, 5 and 6. The ejection pressuré decreases with
increasing Flv Ash content. The gradual decrease in
ejection  pressure with increasing Fly Ash weight
percent may be attributed o low frictional properties of
spherical Fly Ash particles in the composite,
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Fig. § Effect of Fly Ash Content on Ejection Pressure

As shown in Figures 9 & 10, the green density
increases with increasing compaction pressure and
decreases with mereasing Fly Ash content. The increase
in green density with increasing compaction pressure is
the usual behavior of powder particles. Similar results
have been reported by others [21, 22]. The decrease in
green density with increasing Fly Ash comtent is

obviously due to lower density of Fly Ash as compared
to that of Al and Pb.

/ —— 0% FA
—a— 15%FA
/,,J/‘ —a— 10%FA

5% FA

| —=—0%FA
20 300 400

compaction pressune{MFg|

Fig. 9 Effect of Compaction Pressure on Green
Density
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Figure I indicates that spring back increases
with increasing compaction pressure. The % true
porasity decreases with increasing compaction pressure
and increases with increasing Fly Ash content as shown
in Fig.12 & 13 respectively. The percentage spring hack
is calculated using the equation
% Spring Back =[(d, -d;'d, Jx 100
Where

d, = diameter of the green compact in mm

dy = diameter of the die¢ bore = S9mm
The percentage of true porosity is caloulated using the
equation

% True Porosity=

{1-{Green Density/True Density)) X 100,
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Fig.10 Effect of Fly Ash Content on Green Density

4, Conclusions

#  The gjection pressure increased with increasing
compaction pressure from 211 to 46.2 Mpa,
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whereas it decreased with increasing Fly Ash
content.

a4

# 304
E e —p— FORFA
—a— 15,
-g 30 i 1 QIAFA
an . —i— G FA
i O3 FA

10 44— i '_'_accu —
ConTpaGan pras s P

Fig.11 Effect of Compaction Pressure
on Spring Back
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Fig. 12 Effect of Compaction Pressure

on True Porosity
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Fig. 13 Effect of Fly Ash on True Porosity

The green density varies from 209 to 27
EMm'. It increased with  increasing
compaction pressure  and  decreased with
increasing Fly Ash content.

The % true porosity decreased with inereasing
compaction pressure from 25% to 9.7% and
increased with increasing Fly Ash content.
The % spring back increased with increasing
compaction pressure from 15.2% to 62.6%.
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