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Abstract: In order to form aluminum foams directly from powder, a combined process of
hot powder extrusion and molding is proposed. Aluminum powder mixed with a foaming
agent is extruded into the mold through the die heated to a temperature higher than the
melting point, and the mold is filled with the aluminum foam. When a stainless steel pipe is
used for a simple mold, an aluminum foam bar is obtained of which the relative density
varies between 0.2 and 0.3. The molding of aluminum foam by using three types of mold
shape shows the influence of gravity and friction. The effect of gravity is significant when
a large step exists at the connection between the mold inlet and the die outlet, and friction
is dominant in cases where foam is mold in a narrow space.
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1. Introduction

Many fabricating processes of metal foams have been developed [1,2]. Among them, the practical
processes for producing metal foams are classified into two routes: melt route and powder metallurgy.
In the melt route, blocks of aluminum foam with a regular shape are commercially manufactured in
batch operations, and the mechanical properties of the produced foams have been reported [3,4].
Sheets of aluminum foam are continuously fabricated by drawing out from the surface of the molten
metal injected bubbles of gas [5]. The melt route is suitable for mass production of metal foams with a
simple shape.
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In the powder metallurgy route, metallic powder is mixed with a blowing agent and it is compacted
to form a foamable precursor. Then, the precursor is heated and formed to foam in a furnace [6]. The
advantage of this route is that the precursor can expand in a mold and foam with a complicated shape
can be made by mold filling. However, the powder metallurgy route requires the preparation of a
precursor to produce the foam. It is desirable to produce metal foams from powder in a short-time
process for manufacturing automotive parts.

In this paper, a method for fabricating aluminum foams from powder including a foaming agent is
proposed for light-weight automobile structures. Aluminum powder mixed with a blowing agent is
heated and extruded into a mold through the heated die, and the extruded aluminum expands and fills
the mold. The cylindrical aluminum foam is produced by using a pipe as a mold, and the distribution
of the density within the foam is measured. To examine the molding process, three molds with
different shapes are filled with aluminum foam and the volume ratio of the foam to the mold
is measured.

2. Experimental Equipment

Figure 1 shows the experimental equipment for molding of aluminum foams by using hot powder
extrusion [7]. Aluminum alloy powder (A6061) mixed with TiH, powder as a foaming agent is poured
into the container of the hot powder extruder and it is compacted in a room temperature at a pressure of
100 MPa. The container is heated to 420 °C for hot extrusion of aluminum, and then the aluminum
powder with TiH; powder is extruded into the heated die for foaming the aluminum compact. In the
molding part of aluminum foam, the die for foaming of the compact is heated to a temperature higher
than the liquidus point (652 °C) of the aluminum alloy. The extruded aluminum compact goes into
the heated die and starts foaming in the vicinity of the die exit. Then, the mold is filled with the
aluminum foam.

The die for foaming of the aluminum compact is heated by an induction heater, and the temperature of
the die is controlled so as to be constant. The outlet diameter of the die is smaller than that of the inlet, so
that the aluminum compact comes into contact with the die and is heated due to heat conduction.

Figure 1. Experimental equipment for molding of aluminum foam from powder.
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The temperature of the container was measured on the surface and hot powder extrusion was carried
out at 420 °C. The inlet and outlet diameters of the container were 30 mm and 16.5 mm, respectively,
so that the extrusion ratio was 3.3. The relative density of the aluminum compact reached more than 0.99.

A stainless steel pipe was used as a mold for simple shape forming at the first step. The dimensions
of the pipe were 25 mm in inner diameter, 100 mm in length and 1.5 mm in thickness. The pipe mold
was covered with a heater, a copper pipe and a heat insulator (ceramic fiber). The copper pipe had a
hole of 10 mm in diameter at the centre, and the pipe mold was heated with the heater and cooled by
air blowing into the space between the heater and the copper pipe. Table 1 shows the chemical
compositions of the aluminum alloy (A6061).

Table 1. Chemical compositions of aluminum powder A6061 (mass %).

Mg Si Cu Fe Cr Al
1.04 0.61 0.28 0.23 0.21 Balance

3. Molding of Al Foam
3.1. Pipe Mold

Table 2 shows the experimental conditions of extrusion and molding. The punch stroke of 18 mm
was determined from the volume calculation, in which solid aluminum extruded from the die would
expand and fill the mold perfectly, and the relative density of aluminum foam would be 0.25. In the
experimental processes, aluminum powder with a foaming agent was poured into the container and
extruded into the die. The die was heated to a temperature higher than the liquidus point of the
aluminum alloy (652 °C), and the overflow of aluminum foam from the heated die due to expansion
was removed. Then, the pipe mold was attached to the cooled die and heated again for molding. After
the preparation, the experiment for molding the aluminum foam into the pipe mold was carried out.

Table 2. Experimental condition for pipe molding of Al foam.

Parameter
Aluminum powder A6061
Foaming agent TiH,
Container temperature °C 420
Punch speed mm/s 0.45
Extrusion ratio 33
Punch stroke mm 18
Die temperature °C 760

The cross-sectional shapes of the aluminum foams molded into the pipe are shown in Figure 2.
When the pipe mold was cooled by air blowing after forming, it took 40 seconds until the mold
temperature decreased to the solidus temperature of the aluminum alloy (572 °C), which was the
minimum cooling time for the experimental equipment. The aluminum foam filled the pipe and
overflowed from the pipe end. The relative density of the whole foam is 0.24, and the range of the cell
size is not large. When the aluminum foam was cooled naturally without blowing air, the cell size at
the centre of the foam became larger than in other parts, due to coalescence. The central part of the
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mold is not cooled quickly because of the heat insulator around the mold. The end part of the foam is
condensed at the mold inlet. Although the punch ceases pushing the powder into the container of the
hot powder extruder, foaming of the aluminum compact in the die does not stop at the same time. The
aluminum compact in the die still expands after forming and the foam around the mold inlet is
condensed. The density of the foam is in a wide range, although the relative density of the whole foam
is 0.26. It is important to control the temperature of the mold and the die for the density distribution of
the molded foam. To obtain more uniform cell size of the foam, the aluminum foam should be cooled

rapidly after forming.

Figure 2. Cross-sectional shape of Al foam molded into pipe: (a) Cooling with blowing air
(cooling time: 40 s, relative density: 0.24, length: 119 mm); (b) Cooling without blowing
air (cooling time: 125 s, relative density: 0.26, length: 110 mm).

(b)
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To measure the density distribution within the aluminum foams, the foams were cut at every
20 mm from the end in the longitudinal direction and the densities were obtained by Archimedes
method. Figure 3 shows the density distribution of the foam produced directly from powder for
different cooling time. The measured relative densities are plotted at the centre position of the cut
portion. When the cooling time is 125 s, the relative density at the centre of the foam is very low. On
the other hand, the relative densities at the end parts are very high because of gas leakage and
condensation with the overflowed foam from the die. In the case of 40 s of cooling time, the relative
density of the foam is in a range of 0.2 to 0.3 and the average relative density is 0.24. The density
distribution within the foam fabricated by rapid cooling becomes more uniform than that by natural
cooling. It is considered that the high cooling speed after forming is important to form aluminum foam

with a small range of density distribution within the foam.

Figure 3. Distribution of relative density within Al foam.
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3.2. Effect of Mold Shape

To examine the effect of mold dimension, three molds with different shapes are filled with
aluminum foam and the volume ratios of the foams to the mold are measured.

Figure 4 shows the shape and size of the molds. One side of the mold was covered by a lid and the
other side was connected to the die for foaming of the aluminum precursor. The dimensions of the
molds inside were 22, 16, 10 in diameter and 10, 20, 50 in height, respectively. The volumes of mold
inside were almost the same, and the aspect ratios of height to diameter of mold, H/D, varied from 0.45
to 5. The diameter of the die outlet (Dout), was 9 mm in the experiment. The molds and die were made
of stainless steel.

Figure 4. Shape and size of mold.
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Figure 5 shows the volume ratio of the aluminum foam to the mold inside for different aspect ratios.
When the aspect ratio of the mold, H/D, is 1.25, the volume fraction of the mold filled with the foam is
0.76. When the aspect ratios are 0.45 and 5, the volume ratios of the foam to the mold become 0.64
and 0.39, respectively.

Figure 5. Relationship between volume ratio of Al foam to mold inside and aspect ratio of mold.
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The shape of the aluminum foam in the mold is shown in Figure 6. When the aspect ratio of the mold
is small: H/D = 0.45, the difference of diameter between the mold inlet and the die outlet becomes large.
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The aluminum foam extruded from the die outlet flows down the level at the mold inlet, and it does not
expand enough in the mold due to gravity and gas leak. When the aspect ratio of the mold is large, the
diameter of the mold inlet is almost the same as that of the die outlet. Frictional force between the mold
and the foam expanding in the mold becomes large, and the foam hardly flows through the mold. It is
considered that there is an appropriate relation of size between the mold and the die.

Figure 6. Shape of Al foam in mold for different aspect ratio H/D: (a) H/D = 0.45;
(b) H/D =1.25.
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The influence of the diameter ratio of the mold inlet and the die outlet, D/Dout, on the volume ratio
of the foam to the mold is shown in Figure 7. When D/Dout is large, there is a large step at the
connection between the mold and the die, so that the effect of gravity on the molding of foam cannot
be ignored. When D/Dout is close to 1, the molding of foam is not successful due to friction. The range
of D/Dout from 1.5 to 2 is considered to be appropriate in this experiment.

Figure 7. Influence of diameter ratio of mold inlet and die outlet on volume ratio of foam.
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4. Conclusions

In order to produce aluminum foams directly from powder, the combined process of hot powder
extrusion and molding was proposed. The A6061 aluminum powder mixed with TiH, powder was
extruded into the mold through the die heated to a temperature higher than the melting point, and the
mold was filled with the aluminum foam. The molding of the aluminum foam into the pipe was carried
out, and the distribution of relative density within the aluminum foam was in a range of 0.2 to 0.3.
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Three molds with different shapes were filled with the foam, and the volume ratio of the foam to the
mold was examined. The influence of gravity and friction on the molding of foam was found.
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