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1. Introduction

Metal foams or cellular metals are a class of emerging
engineering materials that, due to their unique chemical,
physical, and mechanical properties, can potentially
replace many engineering materials in industries that
require lightweight materials. This class of materials can
be successfully used in many structural and non-structural
applications such as filters, shock absorbers, thermal and
sound insulation, lightweight walls, heat exchangers,
energy absorbers, flame arresters, electromagnetic shields
and light structures.

Most metals and alloys can potentially be used to
produce metal foams or porous structures. As we know,
steels are a widely used category of engineering alloys,
which, due to having special physical and mechanical
properties such as high hardness and strength, high
elongation percentage, good durability and creep
resistance, high malleability, excellent wear resistance,
hard capability, relatively good weldability and
machinability, and good corrosion behavior in most
working environments can be successfully used in the
construction and production of steel foams.

In this research, the main goal is to produce lead foams
by powder metallurgy method and using urea grains as
spacers. In addition, the effect of adding alumina
nanoparticles (0, 0.1, 0.2, 0.4 and 0.8% wt.) on the
porosity, cell wall microstructure and compressive
behavior of lead foams has been studied.

2. Materials and Method

As can be seen, lead particles have irregular shapes and no
corners, while alumina nanoparticles have almost
spherical shapes. Of course, the largest amount of lead
particles is around 62 micrometers and the largest amount
of alumina nanoparticles is around 57 nm. In addition, urea
grains with the chemical formula CH4N.O, which are
white in color and have a granular or ball-like physical
form and have a very high solubility in distilled water,
were used as spacers. Urea beads were obtained from
Merck and they have a diameter of 1.5 to 2 mm, which are
depicted in Figure 1.

Fig 1- Urea granule.

The process of squeezing coated urea grains was done
by a steel mold and with the help of a hydraulic press. The
material of the mold used was L316 austenitic stainless
steel, and the tool used was selected from high-speed steel.
The mold used has a cylindrical cavity with a height of 300
mm and an inner diameter of 12 mm. It should be kept in
mind that shaft also has an external diameter of 12 mm and
a length of 400 mm. The used hydraulic press has a
capacity of 40 tons and is equipped with a pressure gauge.
At this stage, the coated urea grains are poured into the
cavity of the steel mold and the pressing process was
carried out with a pressure of 180 MPa.

3. Results and Discussion

The rate of urea removal according to the number of
immersion steps is depicted in Figure 2. According to the
figure, with the increase of immersion frequency, the
dissolution rate of urea grains in distilled water increases.
In addition, it can be seen that the addition of alumina
nanoparticles to the foam samples does not have much
effect on the rate of dissolution of urea grains. It is
interesting to note that the dissolution slope of urea grains
in the first stage of immersion is much higher than in other
stages.
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Fig 2- The dissolution rate of urea grains according to the
number of immersion times for production samples with
different amounts of alumina nanoparticles.

The porosity of lead foams containing different
amounts of alumina nanoparticles is shown in Figure 3.
According to the figure, with the increase in the amount of
alumina nanoparticles to the wall of lead foams, the
porosity increases. In other words, adding alumina
nanoparticles reduces the density of lead foams. Of course,
it should be noted that the average porosity in all studied
samples is 81.25% and the difference in porosity between
the sample without alumina and the sample containing
0.8% by weight of alumina is approximately 3%, which is
a relatively small difference.
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Fig 3- The amount of porosity in terms of weight percentage
of alumina added to lead foams.

In addition to the amount of porosity, the
microstructure of the cell walls in metal foams will also
strongly influence their mechanical behavior. In Figure 4,
the light microscope and scanning electron microscope
images of the cell wall microstructure in the manufactured
foams are shown. During the sintering process, the
phenomenon of atomic penetration occurs at the
boundaries of lead powder particles, as a result, the
particles are connected to each other. In the pressing stage,
the powder particles are mechanically connected to each
other, but many holes remain between them.

Fig 4- Images a) Light microscope of cell wall
microstructure in lead foam without alumina, b) Scanning
electron microscope of lead foam containing 0.1% wt. of
alumina and c) Scanning electron microscope of lead foam
containing 0.3% wt. of alumina.

4- Conclusion

1 -The dissolution of urea grains was done in distilled
water during seven stages and more than 80% of urea
by weight was removed.

2 -During the sintering process, the lead grains were well
connected to each other and the cell walls were formed
with an average thickness of about 189 pum.

3 -The addition of alumina nanoparticles has increased the
porosity of lead foams by about 3.75%.

4 -The cells formed in lead foams have spherical shapes
and alumina nanoparticles are uniformly distributed in
the walls of the cells.
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Effects of Al,O3; Nano-Particles on Mechanical Properties of Lead Foams
Hamid Sazegaran Hadi Nasiri

Abstract Metallic foams are a new class of engineering materials using in many industrial applications due to their
unique properties. In this work, lead foams containing alumina nano-particles (contains from 0, 0.1, 0.2, 0.4 and 0.8 wt.
%) are manufactured through powder metallurgy technique using urea granules as leachable space holders. The
leaching behavior of urea granules, porosity contents and compression properties of lead foams and also,
microstructure of cell walls by optical and field emission scanning electronic microscopes are investigated. The results
show about 80% of urea granules dissolved in seven stages of leaching processes. The optical images proved a good
agglomeration of lead powder particles. By increasing the nano-alumina particles, the porosity content of
manufactured foams that is in the range of 80-83% is increased. The images of FESEM and X-ray spectroscopic maps
show the uniform distribution of alumina nano-particles in the cell walls. The compression properties of manufactured
foams, by increasing the alumina nano-particles to 0.1 wt.% first decreases, then after 0.4 wt.% enhanced, and finally
in the 0.8 wt.% of nano-particles goes down again.

Keywords Lead foam, Al,O3 nano-particles, Porosity, Microstructure, Compressional properties.
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