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Abstract

A new powder technological method formanufac
turing lightweight materials is described. Alumi
nium or aluminium based alloy powder and an ap
propriate foaming agent are processed into a semi
finished product which can' be made to.expand in
order to form a metallic foam of very low density.
Mechanical, ~lectricalJ thermal and technological
properties in general are discussed.

Keywords: metallic foam, lightweight construc
tion, energy absorber

1 Introduction

In almost any ra.ngeofindustrial application new
materials for lightweight structures are highly de
sired. Using foamed metals with porosity values
exceeding 50% thisrequiremenlc~nbemet.

In the past metallic foamsh:t)veb;e~~:pr~paredby
adding a foaming agfnt tothem91ten metal after
carefully adjusting the viscosity of the ,melt (Refs.
1,2). Because the gas is release~instantaneously

as soon as the foaming agenfcomesintocontaet
with the melt this proc:ess is very difficult to control
and leads to undesirable'largeceU sizes (Ref. 3).

A new powder metallurgical Tethod for the pre
paration of metallic foams was Aeveloped (Ref. 4)
which allows to pr()ducehighlyporous parts with
porosities up to 90%.

2 Yreparation met~od

For the production of aluminium foams commer
cial powders of aluminium or alloys thereof are
mixed with a foaming agent and subsequently

compacted. As a result a semi-finished product
is obtained in whieh the foaming agent is distri
buted very homogeneously within a dense, non
porous metallic matrix. This foamable material
can be processed into sheets, rods, profiles etc. by
conventional techniques like rolling, swaging or ex
trusion. Finally, foamed metal parts are obtained
by merely heating up the material to the respective
melting point or to a temperature above. The den
sity of metal foams can be controlled by adjusting
the content of the foaming agent and several other
foaming parameters. If metal hydrides are used as
foaming agents a content of less than 1% is s",f
ficient inmost cases. Due to its closed porosity

\

aluminium foam floats upon water.

3 Properties of the semi
finished product

As already mentioned the compacted material can
be processed into sheets for example by rolling.
Even' warm rolling can be employed if the decom
position temperature of the. foaming agent is ta
ken into account. In table 1 some mechani
cal properties of foamable sheets of pure alumi
nium (99.5% purity) are compared to conventional
aluminium of comparable purity and comparable
heat treatment.

Some further technological. features are impor
tant to note: The heating rate during the foaming
process is not a critical parameter. On the other
hand, when heating rates much less than 10K/min
are employed and metal hydrides are used as a foa

ming agent there is a chance for the hydrogen to
escape by means of diffusion. In this case pore for
mation will be reduced so that the volume increase
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fracture strength

yield strength

fracture strain

hardness HB

density

*) according to NF A50-4II, HI8

AI99.5+TiH 2

176-178 MPa

138-148 MPa

6,8-11,2 %
48±2

2.7 g/cm3

AI99.5*

min. 140 MPa

min. 125 MPa

min. 4 %
45

2.7 g/cm3

Table 1: Mechanical properties of the semi-finished product

The most prominent property of foamed alumi

nium is its low density. The density values usually

are in the range between 0.5 and 1 g/cm3 although

even lower values down to 0.2 g/cm3 can be achie

ved.

Mechanical testing of foams is usually done in

compression. In figure 1 the stress-strain rela

tionships of three foams are shown. It is obvious

that the stfength of aluminium foams increases

with increasing density. Furthermore it can be seen

that foams of an aluminium alloy have a higher

strength than foams of pure aluminium as it is the

case for the dense conventional material, too.

Like most polymer foams highly porous me-

due to foaming will be reduced.

The use of foamable semi-finished products per

mits fabricating complex shaped formed parts. Ar

bitrarily shaped moulds can be filled with metal

lic foam by inserting the material into them and

subsequently heating up thus making the foam ex

pand. It was found that thin-walled moulds are

particularly advantageous because these allow for

a close temperature control of the expansion pro

cess.

Using appropriate heating methods it is possible

to expand metallic foams selectively. This means

that certain regions of the material can be kept at

a high density which will facilitate the joining to

other materials. In fact integral foams - as they

are known from polymer foams - have also been

obtained with aluminium and are characterized by

a high porous core and an outer skin with higher

density.

4 Properties
foams

of aluminium
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Figure 1: Stress (J - strain f behaviour of various
metallic foams

tals have a high capacity for absorbing mechani

cal energy by deformation. The reason for this is

the special shape of the stress-strain curve, which

usually exhibits a broad plateau. Within this pla

teau regime work is done by deformation without

a significant increase of the resulting stress. So

the object to be protected does not experience in

admissibly high acceleration forces. Only after the

porous structure has been densified upon compres

sion a further increase of stress is observed.

The typical stress-strain behaviour of metallic

foams is shown in figure 2. The shaded area be

low the curve represents the true amount of energy

which is converted into deformation work. Con

trarily, an ideal absorber would exhibit a rectan

gular curve shape, the area of which is defined by

the maximum stress and strain values. Therefore

the effectiveness of an energy absorber for a given

strain value is defined as the ratio of the area below

the real curve Areal and the area of the rectangle

Aideal for the ideal absorber:



s
t
r
e
s
s
a

idea I absorber
. . . . . . . . . . . . . . . . . . . . . . . . . ...........................

strain E

real

absorber

353

60 100

90
50 80

7040.........
60IV .........0-
50 ~:; 30 ......,.,......,.,
40

~
b

20 30

corn pressive stress u 2010
10

0 0
0 10 20 30 40 50 60 70 80

Figure 2: The effectiveness rz of an energy ab
sober is defined as the ratio of the area below the
compression curve and the area of the rectangle

In figure 3 a compression test of an aluminium
foam with composition AICu4MgO.7 is depicted as
well as the corresponding values for effectiveness.
Because the actual curve approximates the rectan
gular shape of an ideal absorber to a high degree
we observe an effectiveness of about 90% within
the plateau regime. Of course, when the flow
stress increases due to densification of the porous
structure the effectiveness is greatly reduced.

Further properties of metallic foams are the non
combustibility and good machinability. The fact
that foamed metals are fully recyclable will be of
increasing importance for future applications.

A rough estimation of the thermal and electri
cal conductivity of metallic foams using a simple
model with a cubic open pored unit cell leads to
the following equation:

where Pi and Ps are the density of the foamed
and the solid metal, respectively, and A is the ther
mal conductivity. For a closed pored model the
factor 1/3 in the equation above has to be replaced
by 2/3. The same relationships hold for an esti
mate of the electrical conductivity, because both
are related by the Wiedemann-Franz law. Measu
red valtles show that a mixed model of open and
closed pored structures describes the results best.
Nevertheless it has to be noted that contributions
due to radiation and convection within the pores
are neglected in this simpJe model.

It is hoped that highly porous metallic foams
will exhibit good dam ping characteristics. If this
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Figure 3: Compressive stress a and effectiveness
'fJ of an aluminium foam AlCu4MgO.7, density
0.48 g/cm3

is true it will be possible to fabricate parts of low
weight combined with a high capacity for damping
of vibrations.

5 Applications of metal foams

Obviously the primary application range for metal
lic, foams based on aluminium will be lightweight
construction" and energy absorption. A further po
tential is to be seen in fire protection as well as in
insulation of thermal or vibrational energy.

By modifying the preparation technology it
shoutd be possible to obtain open pored aluminium
foams, too. In this case there are several additio
nal applications in the range of heat exchangers,
filters and catalyst carriers. For this reason inves
tigations of foamed metals also will be extended in
this direction.
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