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Abstract— Al foams with different pore size were
developed through infiltration process by foundry
technology and characterization of the developed Al
foams for their density, porosity and compression
strength. Al foams were produced through infiltration
process by open metal die casting using soil granules of
different diameter as space holder particles (SHP). The
SHP balls were removed from the Al foam by water jet
along with vibration. The density and porosity were
measured by theoretically and experimentally. The
compression tests were conducted on developed Al foams
of different densities using universal testing machine.
Developed Al foam density varies from 0.9g/cc to 1.2g/cc,
the porosity varies from 54% to 65% and compressive
behaviour showed the plateaus stress was directly
proportional to SHP ball sizein Al foams.
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l. INTRODUCTION
Aluminium foam structures are high specific stréngt
porous solids which have a highly complex

interconnecting microstructure and are large deébion
materials. The properties of foamed and highlyoper
metals are of interest both for practical applmasi and
for the study of the fundamental behaviour of tles€ of
materials as a whole. Many methods exist for the
production of metallic-foams [1,2]. Foam materials

engage research interest because they are hybrid in

structure and behaviour, not exclusively solidgyilis, or
gases. These materials have a solid or liquid leellu
structure that entraps a gas within it, therefoneyt
exhibit properties and characteristics of multiptates of
matter [3].

Foams are usually produced by injecting a gas, sisch
air, into a material in the liquid state. The fotioa
process can be seen in the common place nucleatidn
self-organization of bubbles whenever someone paurs
glass of beer or brews a cappuccino [4]. The fialst of
natural and man-made foam materials is divided into
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liquid and solid cellular materials. Solid cellulaaterials
are further categorized as open- or closed-celmfa
depending on the shape of the cells. A cellulareniat
with cells that are completely closed, such as fam
composed of hollow spherical cells, is considereded-
cell foam because the fluid trapped in each cell is
restricted to that cell. In closed-cell foams, &és no
fluid flow across the foam's cellular structure heitit
breakage of the cell walls. On the other hand, aydin
foams allow fluid flow throughout the cellular stture.
The cellular architecture of these open-cell fodanks
like a network of small, interconnected ligamefgany
cellular solids have cellular structures in betwegen-
and closed-cell where many of the cells show
characteristics of both types [5].

Though many researches [6-8] went on the fabrioadio
Al foam, no research work was presented on fabocat
of Al foams by gravity die casting, prediction afrtsity
and porosity with SHP ball size. So, the aim ofsthi
project was to fabricate the aluminium foams thioug
infiltration process by gravity metal die casting
technology, characterization of Al foam for its dip
and porosity and testing of Al foams for compressiv
behavior.

Il. EXPERIMENTAL STUDY
Al 6061 alloy was selected as a material for foalss
known for its low density, ductility and thermal
conductivity. Due to these interesting properthesythave
been used in wide variety of applications. Chemical
Composition of Al 6061 alloy is given in TABLE.1 @n
has a conductivity of 218 W/m K.
The aluminium foams production was carried out by
considering the pore sizes of 6, 8 and 10 mm diamet
Poly vinyl alcohol powder of 4 grams is mixed in B0
of water then heated till the PVA powder get cortgdie
dissolved in water. 100 gram of Alumina ¢®k) (1 to 5
pum) is mixed with 22 ml of PVA solution to form a
dough. This dough is extruded and cut into equatspa
these are rolled in empty ball mill apparatus whiesults
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in solid spheres. The spherical shape was desitatitee
regular packing of these ceramic balls in the mould
These ceramic balls were then stored in a sealgdda
prevent any loss of moisture content.

Table 1. Chemical Composition of Al6061 alloy
Mg Si Fe Cu Ti
0.92 0.76 0.28 0.22 0.10
Cr Zn Mn Be Al
0.07 0.06 0.04 0.003 Bal

Fig. 1. Sepsfor preparation of Aluminium foams
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Green sand mould of a dimension of 100 X 95 X 30mm
was prepared shown in Fig. 1(a). Mould sand wasddrni
room temperature for 24 hours. Pre-heating of tloalch
box to 500°C, placing the solid spheres in therhotild
cavity and allowing it for 5 minutes were done hswn

in Fig. 1(b).

Melting of Al 6061 alloy using muffle furnace up 890

°C, adding degas agent into the liquid aluminium and
pouring the molten aluminium (>800 °C) in the mould
cavity filled with solid spheres and cooling it wwedone

as shown in Fig. 1(c-e). Finally the solidified tag was
removed and cleaned. After removing the cast frbe t
mould, it was then put in a water bath. The cerdnaits
were removed with the aid of ultrasonic vibrati@pen-
cell aluminium foam was therefore obtained. After
development of varying density cylindrical alumimiu
foam specimen, next work was to characterize them f
its porosity and density, that was calculating the
theoretical density and percentage porosity valaed
compare with that of experimental values.

For analysing the compressive behaviour of Alumimiu
foams we were in need of flat specimens. Then flat
specimens were developed by using the required
metaldies of different sizes. Compression testing o
Aluminium foams was done by using ASTM C365-05 for
specimen having the standard specimen size 40mm X
40mm x15mm. Compression testing on Aluminium
foams was done on the universal testing machineMUT
of 20Ton capacity and 100kg least count.

Il RESULTS AND DISCUSSION
The effect of SHP ball size on density and SHP Biak
on porosity of Al foam are shown in Fig. 2(a) aro. (
Fig. 2(a) shows SHP ball size varying from 6mm to
10mm taken on X axis and density from 0.9g/cc to
1.2g/cc taken on Y axis. The observation gave good
evidence that in the present investigation, theatina
density is increasing with increasing pore celegi8HP)
due to variation in volume. Increase in densigdke to
increase in cell wall of the Al foam. Hence the@ase in
porosity as shown in Fig. 2 (b).
The behaviour of the compressive stress and strfai
foam is as shown in Fig. 3 and 4. The main feabdirthe
stress-strain response during loading conditiohas the
foam exhibits three distinct regimes such as astiela
regime at beginning of the compression, followedaby
long stress-strain nearly plateau during the Isedli
collapse due to plasticity of each cell [9-10]. eTlhyer by
layer foam cells are collapsed during this regiAfeer all
foam cells are collapsed, this will lead to the sification
of the foam and finally act as a solid structurmaby a
rapid rise in stress along with the compressivairstr
could be seen.
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Fig.2 Effect of SHP diameter on a) average density and
(b) porosity of the Al foam

From the Fig.3that plateau load and plateau stress
increasing with size of SHP Ball. It means thatfédam
with SHP of size 10mm is taking more load to cribss
plateau region. All the Al foam sp&cens have their ow
characteristics and finally it depends on the aaibns
where we want to use the metal foam. But in otfzerd
the % strain decrease with increasing the foam piae
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Fig.3 Compressive stress strain behaviour of different
foam pore size of the Al foam materials
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Fig.4 Effect of SHP diameter on Maximum
(a) Compressive stress and (b) Compressive strain
of the Al foam materials

V. CONCLUSIONS

Different density Al foams were developed and &t
physical and compressive properties. Characteoizatf
Al foamsshowed that density was directly proportiona
SHP ball size and it was varied from 0.9 t2 g/cc. Al
foam with 6 mm SHP ball was having 0.95gi
Characterization of Al foams showed that porositgs
inversely proportional to SHP ball size and it waried
from 54% to 666. Al foam with 6 mm SHP ball we
having 64.5% porosity. Comparison between
compressive behaviour of all the three differ
specimens was done and it shows that plateau stiEs
directly proportional to SHP ball size (soil gries).
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