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Abstract- Metal foam production is being very challenging
process due to the problems incurred while processing.
Commercialization of metal foam in many applications is very
difficult aspect as it possesses many problems; after the
process the foams obtained are of inconsistent properties, high
cost of production for good quality foams, hon homogeneous
distribution of pores. Obtaining the near net shape (NNS) is
another problem in the metal foam production. In midst of all
these problems metal foams especially aluminum (Al) gained a
significant attraction from research because of its attractive
properties like acoustic damping, bomb mitigation, light
weight etc. Especially, the research on developing Al foam has
become more because of its potential application in many
engineering fields. The attempt has been made in this work to
develop a near net shape of Al foam using NaCl as the space
holder in the Al matrix and melt gas injection (MGI) method.
The problems associated in the process and its effect on the
density and porosity of the foam were discussed.
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1. INTRODUCTION

Metals intentionally fabricated with high degree of
porosity are called metal foams [1]. Metal foam is a cellular
structure consisting of a solid metal, usually aluminum,
containing a large volume fraction of gas-filled pores [2].
Aluminum foams have a good combination of properties such
as high specific stiffness, high strength and good energy
absorption. These characteristics make aluminum foams a
potential material for absorbing impact energy during the
crashing of a vehicle either against another vehicle or any
obstacle [3]. Metal foams are a subgroup of cellular metals,
usually having polyhedral cells, but shapes may vary in cases
where  directional  solidification  creates  different
morphologies. Metal foams are either open cell, closed cell, or
a combination of the two. Open cell foam forms a network of
interconnected solid struts. Closed cell foam is made up of a
network of adjacent sealed pores, all sharing walls with each
other. The difference between the closed and open cell
configuration is clearly seen in pores.
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Fig.1.1. Common methods followed for the producing Al
metal foams

Metal foam production techniques can be generally
classified as Liquid route and powder route. It is shown in the
fig.1.1. Various parameters are involved in the process are
responsible for the quality, size and shape of the metal foam to
be produced. The parameters involved are different from
process to process like type of process selected, type of
foaming agent, temperature at which foaming process starts
etc. Controlling these process parameters is difficult and thus
understanding the process concept is difficult, particularly in
liquid route controlling process parameters is a big task.
Hence the methods developed for the production of metal
foams are still in incipient stage[5-7].

The attempt has been made in this work to develop
the low cost aluminum metal foam by incorporating two
different methods,

i.  Aluminum foam production using Melt Gas Injection

(MGI).

ii.  Aluminum foam production in
technique in bottom pouring concept.

Space holder

1. EXPERIMENTAL PROCEDURE AND DISCUSSION

2.1. Aluminum foam production using Melt Gas Injection
(MGI)
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2.1.1. Materials used: Pure Aluminum as starting material,
CO, gas cylinder, flexible hose, steel pipe (0.4mm inner
diameter), resistance furnace for melting purpose.

2.1.2. Procedure: 200 grams of Aluminum was taken in
crucible and melted in a resistance furnace. The melt
temperature was maintained around 750°C. The melt was
added with 5 wt% of Silicon carbide particles to make the melt
high viscous. High viscous melt assists in holding the gas
bubbles created in the melt. The melt was continuously stirred
to achieve uniform mixing of SiCp inside the melt. Slag is
floated at top and it removed. Then melt was transferred to
another crucible which is shown in fig 1.4. The CO, was
released from the cylinder which was injected into the melt
through the flexible pipe and stainless steel pipe as shown in
fig.1.5. As the gas injected into the melt, the bubbles creation
takes place inside melt, there by gas bubbles are try to entrap
in the melt which leading to creation of the foam as shown in
fig.1.5.
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Fig.1.1. Block Diagram of MGI process

A-Crucible, B- CO, Cylinder, C- Flexible hose
Fig.1.2. Experimental setup
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Fig.1.6. The Foam structure obtained by MGI

Discussion: The experimental observations indicate that the
use of MGI method for the production of aluminum metal
foams results in the formation of poor quality of metal foams..
From the Archimedes principle the density of the prepared
samples were measured. The density of foam obtained in this
method is about 2.15 to 2.39 g/cc. where the % porosity is

calculated by using PALPT 100 and it was

pAl
obtained around 20 to 22% of the theoretical density of the
Aluminum.

%Porosity=

Following are some of the problems associated with
the use of MGI method for the synthesis of aluminum metal
foams.

a. By using the MGI for producing Al foam the results are
not satisfactory, as it leads to the rapid solidification of
the melt.

b. MGI method used here for the development metal foams

2.2 Aluminum foam production in Space holder technique
in bottom pouring concept:

2.2.1. Materials used: Pure aluminum as starting material,
NaCl Crystals, sand mold, crucible.
2.2.2.  Procedure: Other method developed for Al foam

production was based on the concept of bottom
pouring. The schematic of the method was shown in
fig.2.3. This concept helps in producing foam with
good structure and porosity. The mold as shown in
the fig.2.2 was prepared and above that the crucible
with small hole was placed and packed with the sand
to avoid leakage. The mold was half filled with NaCl
crystals and the set up was placed in the resistance
furnace. Required quantity of Al was placed in the
crucible. As the melting starts, the melt starts flowing
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slowly inside the mold and fills the mold cavity,
where the NaCl particles floats due to density
difference between NaCl and liquid Al. Set up was
maintained in the furnace for about 2hrs to ensure
complete filling of the mold cavity. Fig.2.3. shows
the foams obtained in this method.

Fig.2.2. Bottom pouring concept of producing Al foam

(b)Lateral view

(a) Top view
Fig. 2.3. Foam structures from bottom pouring concept

Discussion: Bottom pouring concept somewhat helps in
getting the NNS, but the problem is that large components
can’t be produced and main drawback associated with this
method is that prediction of volume of metal required for
filling mold cavity, it is difficult to predict is molten metal
completely fills the cavity or not. From the Archimedes
principle the density of the prepared samples were measured.
The density of foam obtained in this method is about 2.16
g/cc. where the % porosity is calculated by using %Porosity=
pAl—pf
pAl
density of the Aluminum, where pa is density of Al in g/cc, ps
density of foam obtained.

x100 and it was obtained around 20% of the theoretical
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111. CONCLUSION

Aluminum metal foams were synthesized using two
different techniques. Though methods help in the formation of
metal foam the quality of the foams produced were not
satisfactory. Bottom pouring in sand + salt mold mixture helps
in getting the good foam structure with low density of 2.16
g/cc. This method was very helpful and it can be promising
method for getting the foam with near net shape. By observing
and summarizing the points it can be concluded that
processing may be easy to carry out, but controlling the
process parameters is very difficult. Hence the production of
Al foams in general, metal foams is a continuous challenging
and innovative process. More experiments and trials are
needed to develop a sophisticated method for producing good
quality foams at lesser cost, because of the present
sophisticated methods available are of very of high cost and
also production is not yet commercially approved.

The authors declare that there is no conflict of
interests regarding the publication of this paper.
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