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ABSTRACT : Aluminum -15 % lead with 0 to 20 weight % Fly Ash powder mixtures were prepared by mixing the
required amounts of powders in a suitable blender. The powder mixtures were compacted at 200, 300 and 400
MPa compaction pressure in a single action steel die into pellets of 9 mm diameter. Silicone fluid mixed with
graphite powder was used as die wall lubricant. Effect of compaction pressure on green hardness and strength
were determined. With the increase in compaction pressure there is an increase in hardness and strength.
However, there is a decrease in strength with the increase in weight % of fly ash.
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1. INTRODUCTION
Aluminum is a remarkable material which posses a
combination of properties needed for various
applications. Its use is increasing because of its
lightness, corrosion resistance, good formability and
ability to provide a range of mechanical properties
by alloying and heat treatment. During the last few
decades the aluminum based bearing materials were
developed to overcome deficiencies like low
strength and low operating temperature of white
metal bearings. Among the aluminum based bearing
materials, aluminum 20 % tin alloy posses high
fatigue strength, good surface properties, good
corrosion resistance and finds application in high
speed car engines. When compared to tin, lead is
found to be more effective as soft phase addition in
aluminum matrix and confer better embedabillity to
a bearing alloy [1]. In addition, lead has low modulus
of elasticity, hardness and cost compared to tin.
Thus, aluminum-lead alloy represent a quite
attractive alternative when compared to more
commonly used aluminum- tin alloys. It has been
reported that 10 % is the minimum acceptable lead
content of an aluminum alloy if bearings of leaded
aluminum are to be operated without an over lay
under very thin oil film conditions. From the powder
metallurgical characteristics of aluminum-lead
mixtures, it was reported that Al-15 % lead alloy has
minimum spring back and maximum green strength
[2]. Hence 15 % lead has been added to aluminum.
Fly ash, a particulate waste material formed
as a result of coal combustion in thermal power
plants has been successfully dispersed into cast and

wrought aluminum to make aluminum alloy fly ash
composites. The addition of fly ash to aluminum
decreases the energy content, material content,
cost, density, coefficient of thermal expansion, and
increases hardness, wear resistance and stiffness [3-
19]. Hence this low cost and readily available
particulate reinforcement is added to Al-15% Pb
alloy to prepare AI-15%Pb-fly ash metal matrix
composites.

The production of Al-Pb-fly ash composites
by the casting process is restricted since they are
likely to exhibit segregation and non uniform
distribution because of the wide differences in the
densities of the individual particles. Hence, the
powder metallurgy technique has been chosen as
the processing method to prepare Al-15%Pb-fly ash
composites.

2. EXPERIMENTAL DETAILS

Commercially pure (99%) aluminum powder
supplied by M/s S.D.Fine Chem.Ltd., Mumbai, India
and lead powder (99.5% pure) supplied by M/s Loba
Chemicals, Mumbai, India were used in the present
investigation. Fly ash was collected from Dr. Narla
Tata Rao Thermal Power Station, Ibrahimpatnam,
Krishna District, Andhra Pradesh, India. The size,
distribution and shape of the powder particles were
evaluated using scanning electron microscopy [20].
Mixtures of Al-15 weight % lead with 0 to 20 weight
% fly ash were prepared. These were mixed in a
mixing chamber fixed and rotated eccentrically in a
lathe machine. Compacts of 9 mm diameter were
prepared. The powder mixtures were compacted at
pressures ranging from 200 to 400 MPa using an uni-
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axial hydraulic press. Silicone fluid spray is used as
an effective die wall lubricant.
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Figure.1: Microstructure of Al-15 % Pb-05 % Fly Ash Compaction Pressure (MPa)

Figure 4: Effect of Compaction Pressure on Green
Hardness for Al-15% Lead with 0 to 20 Weight % Fly
Ash.
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Figure 5: Effect of Compaction Pressure on Green
Compressive Strength for Al-15% Lead with 0 to 20
Weight % of Fly Ash.

Figure.3: Microstructure of Al-15 % Pb-05 % Fly Ash
Compacted at 400 MPa.
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Figure 6: Effect of Weight % Fly Ash on Green
Hardness for Al-15 % Lead Composites Compacted at
Different Compaction Pressures.
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Figure 7. Effect of Weight % Fly Ash on Green
Compressive Strength for Al-15 % Lead Composites
Compacted at Different Compaction Pressures.

3. RESULTS AND DISCUSSIONS

The effect of compaction pressure on green
hardness and green compressive strength is shown
in Figures 4 and Figure 5 respectively. These figures
indicate that both the green hardness and green
strength increases with the increase in the
compaction pressure. The initial increase in pressure
causes effective packing of particles and void filling.
Higher compacting pressures results in more particle
contact and plastic deformation leading to cold
welding of particles. These together results in a sort
of grain boundary development as seen in compact
made at higher pressure. This is clearly evident from
the microphotographs shown in Figures 1, 2 and 3.

For low compaction pressure the area of contact
between the particles is less and it increases with
the increase in compaction pressure and hence low
compacting pressure may lead to partial welding of
particles leading to voids and poor green strength
and hardness.

The effect of weight % fly ash on the green hardness
and strength is shown in Figure 6 and Figure 7
respectively. An increase in hardness with the
increase of weight % of fly ash and a decrease in
strength with the increase in weight % of fly ash is
observed. The increase in hardness with the increase
in weight % of fly ash is due to hard fly ash particles
which are basically alumino-silicates. Similar results
were reported by Dean Golden [9] and R.Q.Guo et. al
[21].

The effect of weight % fly ash on the green
compressive strength is shown in Figure 7. A
decrease in compressive strength is observed with
the increase in weight % of fly ash. This is due to
poor interfacial bonding between the fly ash
particles and aluminum-lead matrix.

4. CONCLUSIONS

1. Aluminum-Lead-Fly Ash metal matrix composites
are prepared by powder metallurgy technique using
single action die compaction process.

2. The green hardness and compressive strength
increased with the increasing compaction pressure.
3. Green hardness increased with the increase in
weight % of fly ash.

4. Compressive strength decreased with the increase
in weight % of fly ash.
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