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Abstract Metallic foams belong to cellular solid structure consisting of gas filled pores. Foamed materials are a family of
new materials with unique characteristics. Aluminium foams have become popular because of their properties such as high
stiffness combined with very low density. There are two types of foams i.e., open or closed cell. Aluminium foams are being
used in many applications like automobiles, railways, aerospace, ship building, household applications etc. Metallic foams
are commonly produced using hydride and carbonate foaming agents. However carbonate foaming agents are safer to handle
than hydrides and are easily available and enable aluminum foam to be produced at low cost with a fine, homogenous cell
structure, low cost and easily available. The present work deals with the effect of grain size of the calcium carbonate forming
agent on the physical properties and mechanical properties of an eutectic Al-Si alloy closed cell foam. The foam was
produced with different grain size of calcium carbonate (150um, 106pum, 75pum and 53pum) as a foaming agent. The pores per
inch, density, relative density and compressive strength of the eutectic Al-Si alloy closed cell foam produced with different
grain size of calcium carbonates as foaming agent were determined. Relative density was in the range of 0.33 to 0.54, pores
per inch were in the range of 10.75 to 15.5, compression strength in the range of 7.82MPa to 11.72MPa. It is observed that as
grain size of calcium carbonate used for production of aluminium foam increases, the number of pores per inch decreases,
relative density decreases, compression strength decreases and porosity increases.
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(typically TiH,) into a molten alloy iii) Consolidation of a
metal powder with a particulate foaming agent (TiH,)
followed by heating into the mushy state when the foaming
agent releases hydrogen, expanding the material [4].
Aluminium foams synthesized with CaCO; powder as a
blowing agent can be prepared by both powder metallurgy
and melt route. The properties of aluminium foam
significantly depend on its porosity, so that a desired
property can be tailored by controlling the foam density [5].
The foams can be produced by CaCOj; having appreciably
finer cells and more uniform cell structures than currently
available melt route foams. The decomposition
characteristics of CaCOj; is well suited to foaming of
aluminium melts [6]. The relative high dispersion of
aluminium foam properties is often caused by the use of
samples manufactured in small series, which do not allow
keeping the foaming parameter constant. The aluminium
foam of similar density can exhibit a wide dispersion of
properties due to the various defects, such as gradient density

1. Introduction

Metallic foams are known for their interesting
combinations of physical and mechanical properties such as
high compression strength combined with good energy
absorption characteristics [1]. If the solid of which the foam
is made is contained in the cell edges only, i.e. cells are
connected through open faces, the foam is said to
open-celled. If each cell is sealed off from its neighbors, it is
said to be closed-celled foam [2]. Metallic melt can be
foamed by creating gas bubbles in the liquid provided that
the melt has been prepared such that the emerging foam is
fairly stable during processing. This can be done by adding
fine ceramic powders or alloying elements to the melt which
form stabilizing particle, or by other means [3]. Closed cell
foams can be produced by i) Bubbling gas through molten
Al-SiC or Al-AlL,0O; alloys ii) By stirring a foaming agent
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distribution, surface skin, preferred pore orientation, etc.
These effects result from the foaming process and
significantly depend on the geometry of foamed part [7]. The
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calcium carbonate foaming agent has a significant effect on
foam stability due to oxidation of the melt by CO, gas [8].
Uniaxial compressive tests are best performed on
prismatic or cylindrical specimens of foam with a
height-to-thickness ratio exceeding 1.5. The minimum
dimension of the specimen should at least seven times the
cell size to avoid size effects. The compressive strength of
the foam is taken to be the initial peak stress if there is one;
otherwise, it is taken to be the stress at the intersection of two
slopes: that of the initial loading and that for stress plateau.
Variation in the microstructure and cell wall properties of
some present day foams gives rise to variability in the
measured mechanical properties [4]. Depending on the type
of alloy of which foam is made, the cells suffer brittle
fracture, deform plastically without breaking, or show an
even more complicated deformation pattern. Metal foams
collapse gradually under the critical compressive load until a
high degree of compaction is achieved. That process absorbs
a great deal of mechanical energy. Metal foam has a high
yield stress compared to polymer foams [9]. In the present
work, eutectic Al-Si closed cell foam has been produced
using CaCOs; as a foaming agent by melt route. From an
application point of view, the main concern is to control the
size of the pore, porosity level and foam structure, which
affect the physical and mechanical properties of the foam.
Hence, in this work, effect of grain size on mechanical
properties of closed cell aluminium foam was studied.

2. Methodology Adopted

2.1. Material Used

Aluminum alloy chosen for production of the foam is
eutectic aluminium silicon alloy because of its good
flowability and calcium carbonate was used as a foaming
agent. The composition of the alloy used in wt.% was
Siliconl1.8, Iron 0.32, Copper 0.002, Manganese 0.62,
Magnesium 0.065, Zn 0.02land the remainder being
aluminum.

2.2. Production of Foam

The eutectic aluminium silicon alloy was weighed and
melted in a graphite crucible by using an electric resistance
furnace. Molten metal temperature is measured using
thermocouple. When the melt temperature reached around
700°C, melt was stirred at 400rpm to S00rpm with stainless
steel stirrer for about 30-50 seconds. Required grain size of
calcium carbonate of 3% by weight was added into the
molten metal while stirring. The stirring was continued for
two to three minutes till the foaming agent was distributed
uniformly with 200 to 400rpm. All mixing process was
carried out in the furnace around 730°C. The crucible was
kept about 3-5 minutes in the furnace until it completes the
foaming process. Then the crucible was taken out from the
furnace, the foam was cooled in ambient air. Graphite
crucible was used as it suited the temperature range also it

has self-lubricating properties which facilitates easy removal
of metal once it has foamed and cooled down. The cut
section of the foam produced with different grain sizes of
calcium carbonate is shown in figure 1.

d) Size of calcium carbonate is 53pm

Figure 1. Foam casting and its cut section

The decomposition of CaCOj; is usually described by the
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reaction
CaCO;(s) — CaO(s) + COx(g)

It was reported that te thermal decomposition of pure
calcium carbonate is at a temperature of about 900°C, but
when calcium carbonate is in contact with the molten metal,
it decomposes at temperatures above 700°C. The overall
chemical reaction is complex, consisting of several
successive reactions which lead to the formation of various
solid (CaO, AL,Os, Al4Cs) and gaseous phases (CO,, CO)
[5]

2.3. Density of the Foam

Volume of specimen is calculated from its dimensions.
The density was calculated by dividing the sample weight
over its volume. The cast foam was cut. Specimens for
compression testing were prepared from cast foam and
individually weighed and measured in order to calculate the
actual and relative densities before testing.

The relative density, p*, is calculated as:-

P*=pr/ pm
where f and m refer to the foam and metal used for producing
foam respectively[10].

2.4. Compression Testing

Compressive strength is determined for foam produced
with 53um, 75um, 106pum and 150um. The choice of
specimen size was based on the premise that valid test
requires about 10 cells per side [11]. The specimen
dimension chosen is 30mmx30mmx45mm. All compression
tests were performed at room temperature by using a
Electronic Universal Testing Machine UTM -Hydraulic type,
FIE make, 40 tonnes capacity. The size of the Aluminium
foam sample used for this study is 30mmx*30mmx45mm.
The surface skin of the samples was removed during the
preparation of the samples. The density was calculated from
the weight and volume of samples.

Specimen was placed on the bottom ram of the machine
and load was applied. The foam specimen was deformed
between the two circular compression platens of Universal
Testing Machine. It was reported that due to stress
concentration caused by defects in the cellular structure of
the aluminium foams, a small amount of plastic deformation
can occur even at a very low stress level [12]. In all of
compression testing, load and displacement were recorded
from the digital indicator of the machine. The compressive
strength (plastic collapse stress) was calculated from the
initial peak load on the specimen i.e. initial peak stress.

The experimentally measured values of compression force
F(N) and deformation L(mm) were evaluated [13] as
follows:

The collapse stress ¢ was calculated from the force F[N]
using an apparent cross sectional area A[mm’] of the
specimen:

o = F/A[MPa]

The foam sample before compression and after
compression is shown in figure 2.

Figure 2. Compression test specimen and specimen after compression
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3. Results

Pores per inch of the foam were measured along vertical
(foaming direction) and horizontal direction of cut section

and then the average number of pores per inch was calculated.

The density, relative density and porosity were calculated.
Pores per inch, density, relative density and porosity of the
foam produced with different grain sizes of CaCO; are
tabulated in Table 1.

Table 1. Grain size and other physical properties

L Pores Compres
Grain size . . . .
per Density Relative Porosity sion
of CaCO;, . . . .
m inch in g/cc density in % strength
K (PPI) in MPa
53 15.5 0.546 0.206 79.4 11.72
75 13 0.397 0.150 85.0 11.32
106 12.75 0.334 0.126 87.4 10.56
150 10.75 0.33 0.125 87.5 7.82

It was reported that there are two basic deformation
mechanisms that depend on the types of used aluminium
alloy: cast aluminium alloys exhibit brittle failure of the cell
—walls already at low strains. Failure of the cell- walls leads
to the multiple stress drops and thus to the uneven
stress/strain curve in plateau region. The magnitude of first
stress drop depends on the average pore size [14]. It is
observed from the table-1 that, compressive strength
increase as average pores per inch increase (PPI). The
compression strength increases as the density of the foam
increases as shown in the table-1 and was also reported by J
Banhart [15]. The compressive strength is also function of
relative density [10], it is observed that as relative density
increase, compressive strength also increases.

4. Conclusions

In the present work, Eutectic Al-Si alloy closed cell foam
was produced with calcium carbonate foaming agent of
different grain sizes (53um, 75pm, 106um and 150pum). The
compression strengths were determined for different samples
produced from different grain sizes of calcium carbonate.

The pores per inch, porosity, relative density were calculated.

It is observed that as the grain size of calcium carbonate
foaming agent used for production of aluminium foam
increases, density and relative density decreases, porosity
increases and compressive strength decreases. It is also
observed that compressive strength of the foam is a function
of size of calcium carbonate used for production of
aluminium foam and higher the densities lead to higher
compression strength. The results indicate that the density of
the foam produced was in the range of 0.33g/cc to 0.546g/cc
and compression strength was between 7.82MPa to
11.72MPa.
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