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ABSTRACT

Aluminium Composite foams is produced by melting Aluminium alloy (LM6) containing foaming agent(s) and vigorous stirring.
TiH2 is a common agent for this. As TiH2 decomposes into Ti and gaseous H2 when heated above about 465°C, large volumes of
hydrogen gas are rapidly produced, creating bubbles that lead to a closed cell foam. A novel Strategy to enhance the electrical
conductivity of Al-MMC foams is discussed here, and it is demonstrated that titanium hydride (TiH2) in the form of 10-15 µm
diameter particles can be pre-treated by selective oxidation to produce more uniform foams having better electrical conductivity. It
is found that the electrical properties of the foams and the uniformity of cell size distribution is improved when the foam is blown
with an optimized mixture of CaCO3 and pre-treated TiH2.
In order to define the relationship of electrical conductivity with relative density of this material, correlations which uniquely
defines the electrical behaviour of this modified Al-MMC foam has been developed.
Keywords: Al-Si MMC foam, Electrical conductivity of cellular materials, Dual foaming agent.

1. INTRODUCTION

laboratory. The outcomes of the experimental investigation are

Metal foam is a type of cellular solids, having a combination

compared with the established theoretical models developed

of properties such as high stiffness with very low density and a

by different researchers [5-9] so that it can be further referred

capability

for different industrial applications.

to

absorb

impact

energy.

These

unique
potential

Electrical conductivity is the property of a metal that indicates

applications such as packaging materials for protection

its ability to conduct electricity. Electrical conductivity c (

combinations

of

properties

indicate

various

sensitive devices, machinery enclosures, automobiles, and as

−1

· m−1) is the reciprocal of the resistivity ρ ( · m). Let R be

sound absorbing material under difficult situations. Beside

the resistance in Ohms () and V is voltage drop in volts.

this, the electrical conductivity of this type of material is

Then, by Ohm’s law, resistance is the voltage (V) divided by

highly attributed to the pores in the structure. The study of

current (I) in amperes (A). Ohm’s law may also be written in

electrical conductivity of metallic foams is necessary as very

the form

few research works has been carried out to give a proper
electrical characterization of cellular materials.

j = c Ep, or Ep = ρ j

(1)

In equation (1), j is the current density (current per unit area,
The main aim of the present investigation is to determine the

I/A) and Ep = V/L is electric field or electrical potential

electrical conductivity of the closed cell Aluminium Metal

gradient, V is the voltage drop measured across a length L of

Matrix Composite (Al-MMC) foams developed in the
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material,  is the electrical conductivity and ρ is the resistivity.

Aluminium to be stable at a temperature of TiH2-

The resistance R = V/I is related to resistivity ρ via

decomposition (465°C) which is much lower than the freezing
temperature of liquid Aluminium.

R = ρ L/A.

The homogeneous Al-SiC mixture is then poured into a pre
heated mold (which is fitted with a stirring arrangement) after

Therefore,

removal of slag as much possible. 2.5% blowing agent
𝜌=

VA
IL

(2)

(Titanium Hydride) is added to the mold. TiH2 begins to
decompose into Ti and gaseous H2 when heated above about

The electrical conductivity can be calculated from the measure

465°C. By adding titanium hydride particles to the aluminum

of the resistivity of the material, and is equal to the reciprocal

melt, large volumes of hydrogen gas are rapidly produced,

of the resistivity. Thus electrical conductivity can be

creating bubbles that leads to a closed cell foam structure. It is

represented as,

needed to stir the mold with constant speed for good foaming.
λc =

1
𝜌

The mechanical and physical properties of the developed
material showed significant dependence on its porosity or
relative density. The electrical conductivity of the material is
also expected to be dependent on its relative density.
Investigations in connection with the measure of electrical
conductivity of various aluminium foams have been carried

Figure 1: Pouring of Al-SiC melt into mold.

out by different researchers, namely Kovacik and Simancik
[5], Feng et al. [6], Kim et al. (2005) [7], and Cuevas et al.
[8]. The dependence of the electrical conductivity of various
aluminium foams on its relative density has also been reported
by them. It is therefore of interest to corroborate such findings

As TiH2 is a very costly material, so, manufacturing of AlSiCp foam by this method is not so cost effective. The
solution to this problem is Calcium Carbonate (which is very
cheap in cost). So, instead of adding 2.5% TiH 2, a dual
foaming agent ( 2% CaCO3 and 0.5% – 1.0% TiH2) is added

for the developed aluminium foam.

separately and this produces same result with minimum cost.

2. SYNTHESIS OF AL-SiCp FOAM
The material under investigation is closed cell aluminium

Addition of Ca in Al matrix slightly changes the mechanical
properties but it is nearly identical.

foam, manufactured through liquid metallurgy route in the
Foundry Laboratory of Jadavpur University, Kolkata,
using aluminium alloy (LM6: consisting of 0.1% Cu, 0.1%
Mg, 0.13% Si, 0.6% Fe, 0.5% Mn, and trace amount of Zn,
Pb, Sn and rest Al). The aluminium alloy used is of density
(ρs), 2.7gm/cm3, having electrical conductivity (λs) as 31 X
10-6 (.m)-1. The ingot is melt in a tilting resistance furnace.
The formation of foam requires a high liquid-metal viscosity

Figure 2: Tilting resistance furnace used for production of Al-

which is achieved by the addition of Silicon Carbide (SiCp)

SiC foam.

particulate to the melt. The amount of Aluminium is 1 kg. 5%
SiC (pre-heated) are added to the melt, which also increases

The properties of metal foams depend on many morphological

the mechanical strength of the foamed component. For

features, such as pore size distribution, cell wall curvature,

homogeneous mixture of SiC in Al matrix, continuous stirring

defects, etc.[3]. Although the exact interrelationship between

is required. The achieved high viscosity allows liquid

properties and structure is not yet sufficiently known, one
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usually assumes that a uniform distribution of convex pores
free of defects is highly desirable. The task for the
experimentalist is to produce such structures. A short look at
existing foams shows that there is still much potential for
development since these often tend to be irregular [4].
Thus, the foam fabricated by this method are usually nonuniform which leads to inferior mechanical electrical and

Figure 3. Surface of closed cell Al-SiCp foam

properties. The reason for this can be non-adoption of TiH2 to
the melting range of the alloy to be foamed. This is avoided by
pre treatment of titanium hydride (TiH2) in the form of 10-15

3. DESIGN AND FABRICATION OF THE
EXPERIMENTAL SETUP

µm diameter particles by selective oxidation.

The pre treatment of TiH2 was first introduced by B.

The electrical conductivity of the aluminium foam samples is

Matijasevic-Lux and J. Banhart for manufacturing of

calculated from the resistivity of the sample under closely

Aluminium foam through powder metallurgy [10]. The same

controlled laboratory conditions. The electrical resistivity of

method is followed here for stir-cast route also.

the foams is measured using a set up based on modified design

TiH2 powder supplied by LOBA chemical, India (purity

of four-probe resistivity measurement apparatus. It is found

98.9%) was used in this study. The powder was supplied in the

that the conventional four-probe resistivity measurement

‘‘untreated’’ state. Pre-treatments of the TiH2 powder were

method cannot be used in this case. Because in conventional

carried out isothermally at various temperatures (450, 480,

four-probe method, four equi-spaced probes placed in a line

510 °C) and times (30, 60, 120 and 180 min) under air in a

are to be kept in contact with the specimen surface, which is

chamber furnace. For heating, the ceramic crucible (with

almost impossible in case of aluminium foam because of its

required amount of TiH2) is placed into a volume chamber

cellular structure. Also trial measurement of conductivity of

muffle furnace and is left there for the time specified. After

the developed aluminium foam revealed that the conductivity

pre-treatment all powders were gently homogenized by

of the material varied from point to point across the surface.

tumbling in a container.

Therefore it is necessary to design and fabricate a setup for

Hydrogen starts to be released from TiH2 at about 405 – 470

measurement of average resistivity of the material across the

°C with some variations between powders of different origin.

entire surface. The schematic diagram of the setup is shown in

However, most of TiH2 powder starts decomposing at 465°C.

Figure 4. The setup consists of two right angled copper plates

As heating is carried out under air, an oxide layer grows which

for holding the specimen and for passing current through the

is roughly 100 nm thick [10] after 180 min at 480°C and

specimen. One copper plate is fixed in the wooden base while

contains an outer shell of TiO2 and an inner shell of Ti3O.[10].

the other had a sliding arrangement for fixing the specimen

Pre-treatment under air also reduces the amount of hydrogen

tightly. A voltmeter is connected to the two terminals (copper

and shifts the temperature of decomposition by 160°C. Using

plates) and DC is passed through the terminal. The amount of

pre-treated TiH2 for foaming Al alloys delays foaming and

current passed is measured using an ammeter. The actual setup

leads to a more uniform distribution of rounder pores, which

is shown in Figure 5.

enhances the electrical conductivity of the material. The best
parameters found are close to 60 min at 480°C. It is noted that
at higher pre-treating temperature (510°C), the amount of
available hydrogen is not sufficient to produce uniform foam.
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Figure 4: Schematic diagram of the setup for measurement of
resistivity

Table 1: Electrical conductivity of aluminium foam produced
by using different techniques.

5. RELATIONSHIP BETWEEN
ELECTRICAL CONDUCTIVITY AND
RELATIVE DENSITY
Relationship between electrical conductivity and relative
density for metallic foam materials has been proposed by
Figure 5: The setup for measurement of resistivity

various researchers. All of them proposed a relationship
between the normalized electrical conductivity, co/cs,

4. EXPERIMENTAL RESULTS AND

defined as the quotient between the electrical conductivity of
the foam (co) and the electrical conductivity of the bulk

DISCUSSIONS
Specimens of different relative densities are prepared for

material of which the foam is constituted (cs), and the relative

measuring resistivity of aluminium foam. Each specimen is

density or the porosity of the foam. Some of these proposed

cut by wire cut EDM of dimensions 20x20x30 mm. The

relationships are described next.

developed setup is used for measurement of electrical

Kim et al. (2005) [7] proposed that the normalised electrical

resistivity. The specimens are fixed between the copper plates

conductivity of aluminium closed-cell foams produced with

and current is made to pass. The voltages are made to vary by

the help of a foaming agent follows a power law relationship

varying the load in the circuit using different lamp load. The

with the relative density.
𝜆𝑐𝑜

resistivity of the material is calculated using equation (1). The

𝜆𝑐𝑠

3

= (𝑅𝐷)2

(3)

electrical conductivity is calculated using equation (2).

The equation (3) is in agreement with the general relation by

The measured value of the electrical conductivity is plotted

Ashby et al. [9]:

against relative density of the specimen, as tabulated in Table
1. The experimental results indicated a clear dependency of

𝜆𝑐𝑜
𝜆𝑐𝑠

the electrical conductivity of the material with its relative

3

= 𝛼(𝑅𝐷) + (1 − 𝛼)(𝑅𝐷)2

(4)

density. The electrical conductivity increases with increase in

For closed-cell foams the value of  is very small, and

relative density. As the relative density of aluminium foam

assuming  0, Eq (4) becomes Eq. (3).

increases, the cross-section available for conduction increases.

Ashby et al. [2] later proposed another relationship

Thus the tortuosity of the current path decreases and the

considering the effects of the nodes.
𝜆𝑐𝑜

conductivity is increased. The electrical conductivity of the
aluminium alloy used for synthesis of the aluminium foam is
measured to be 31 X 10-6 (.m)-1.
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𝜆𝑐𝑠

1

2

3

3

3

= (𝑅𝐷) + (𝑅𝐷)2

(5)

Feng et al. [6] proposed a relationship specific to closed cell
aluminium foam produced by powder metallurgy route.
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𝜆𝑐𝑜
𝜆𝑐𝑠

=

2𝐾(𝑅𝐷)

𝜆𝑐𝑜

(6)

2𝐾+{1−(𝑅𝐷)}

In equation (6), K is a constant determined by the cell

𝜆𝑐𝑜

0.343.

= (𝑅𝐷)1.39

𝜆𝑐𝑜
𝜆𝑐𝑠

= [1 − (1 − 𝑅𝐷)

(9)

If TiH2 is pre-treated at 480ºC for 60 minutes:

more general relationship.
𝑠 ]𝑡

(8)

If TiH2 is pre-treated at 450ºC for 60 minutes:
𝜆𝑐𝑠

𝜆𝑐𝑜

= (𝑅𝐷)1.4

𝜆𝑐𝑠

structure, when the shape of the cell is spherical and K =

Cuevas et al. [8] studied various relationship and presented a

E-ISSN: 2349-7610

𝜆𝑐𝑠

(7)

= 0.98 (𝑅𝐷)1.28

(10)

If TiH2 is pre-treated at 510ºC for 60 minutes:
The values of the indexes t and s, various depending on the

𝜆𝑐𝑜
𝜆𝑐𝑠

type of aluminium foam. The values of t and s for closed cell

= (𝑅𝐷)1.38

(11)

aluminium foam are 1.429 and 0.834 respectively.
All the relationships discussed above are purely based on
experimental results and have no theoretical basis. As such
these relationships are also expected to have implicitly taken
in to consideration the cell variation, imperfections and
defects.
The relationships of normalised electrical conductivity with
relative density presented through equation (3) to (7) are
plotted in Figure 6(a). The experimentally obtained results
using the normalised electrical conductivity of the Al-SiC
(a)

foam made by ‘untreated’ TiH2 (Eq. 8) is also plotted in the
same figure, for comparison. The results are usually in
agreement with proposed equations, but these are quite
different from each other. The experimental results are found
closer to the relationship defined by equation (3) and (5).

Similarly, Results obtained from Al-SiC foam made by TiH2
pre-treated at various temperatures, shown in Table 1, are also
plotted in fig. 6(b)
(b)

Given the diversity of equations and the great variety of
reported data by different authors, it would be very interesting
to have a specific equation which gives a description of the
behaviour of this type of closed cell aluminium foam.

Figure 6: (a) Normalised electrical conductivity of aluminium
foam of different relative density
(b) Normalised electrical conductivity w r t pre heat
temperatue of TiH2

Therefore an empirical equation is used to fit the experimental
data in order to describe the relationship of normalised
electrical conductivity with relative density specific to the

6. CONCLUSIONS

aluminium foam developed in different techniques. power law

The electrical conductivities of aluminium alloy foams made

equations adequately fit the experimental data.

by different pre-treatment temperature of foaming agent, and
with different relative densities are investigated. It is shown

For Untreated TiH2:

that the relative density has a significant effect on the
electrical conductivity of this material. The measured values
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of electrical conductivity are compared

with several

[9]
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Ashby, M.F., Evans, A.G., Gibson, L.G., Hutchinson,

normalised electrical conductivity and relative density

J.W. and Wadley, H.J.N.G., 1998. Cellular Metals: A

relationships proposed by various researchers. There is a good

Design Guide. Butterworth–Heinemann, Boston, p-192.

congruence between the experimental values and the

[10] B. Matijasevic-Lux, et al.,

Modification of titanium

relationships proposed by various researchers. A proposed

hydride for improved aluminium foam manufacture,

power law function can be successfully applied (equation 8-

Acta Materialia, 54 (2006) 1887–1900

11) to describe the dependence of electrical conductivity of

[11] Sutradhar G. & Kumar S., “Metallic Foam – A Potential

closed cell aluminium alloy foams on the relative density.

Material for the Future”, Indian Foundry Journal, Vol.

It is also shown that, if the primary foaming agent, TiH 2, is pre

54, No.2, Feb. 2008.

treated at different temperature, the electrical conductivity

[12]

Ghose J, Sharma

V,

Kumar S.,

“Compressive

changes abruptly. But if TiH2 is pre treated at 480ºC for 60

behavioral analysis of Al-MMC foam”,

International

minutes, before using it as a foaming agent, the best result can

Journal of Industrial and production engineering &

be obtained. The reason may lie in the homogeneity of pores

Technology, Vol 1, No. 1 (2011), pp 35-43.

in the produced foam.
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