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Abstract: A novel counter-gravity infiltration casting device and corresponding fabricating process for producing open-celled
aluminum foams were presented. The experimental results show that defects such as insufficient or excessive infiltrating can hardly
be found in the foam samples prepared by counter-gravity infiltration casting. The foam materials exhibit excellent mechanical
properties. The void content strongly affects the mechanical properties of aluminum foams. The yield stress and plateau stress
significantly increase with the decrease of void content. Raising pre-heating temperature and increasing packing pressure are

effective to lower the void content in aluminum foams.
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1 Introduction

Due to the low relative density, large crash energy
absorption capacity and high damping insulation of
vibration, sound and heat [1, 2], aluminum foams are
found to have an increasing rang of applications in many
fields such as the automobile, railway and aerospace
industries [3, 4].

Many fabricating processes of aluminum foams
have been developed [5], the practical preparation
methods include vacuum infiltration casting, liquid metal
foaming with gas or foaming agents and powder
metallurgy [6]. Among them, vacuum infiltration casting
is a promising method for preparation of open-celled
aluminum foams owing to its simple process and
controllable pore structure of product. Extensive
researches related to vacuum infiltration casting have
been underway. However, those researches mainly
focused on the relationship between the processing
parameters and the performance of aluminum foams [3, 7,
8]. Actually, the method of traditional vacuum infiltration
casting has many defects, mainly including insufficient
or excessive infiltrating and non-uniform pore
distribution of the products, which can be harmful to the
mechanical properties of the foams [9, 10].

In the present work, a novel preparation method for
producing open-celled aluminum foams, i.e., counter-
gravity infiltration casting (CGIC), is presented. Besides,
the effects of void content on compressive properties are
analyzed, and the relationship between the main
processing parameters and void content of aluminum
foam is shown.

2 Experimental

2.1 Preparation of aluminum foam samples

A356 alloy and soluble sulfate particles were the
main raw materials used in this study. The chemical
composition of A356 alloy is given in Table 1. The size
of soluble sulfate particles was between 2.2 mm and 2.8
mm.

The CGIC device is schematically illustrated in
Fig. 1. This device was invented by ZHOU et al [11],
and was authorized as invention patent by the State
Intellectual Property Office of China.

Table 1 Main chemical composition of A356 alloy (mass
fraction, %)
Al Si Mg Fe Cu Mn Other

91.58-92.73 6.5-7.5 0.30-0.45 0.12 0.10 0.05 0.2
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Fig. 1 Schematic illustration of counter-gravity infiltration-
casting device: 1—Melting chamber; 2—Feeding port; 3—
Pressure pipe; 4 — Pressurization equipment; 5— Pressure
regulating valve; 6—Pressure meter; 7—Infiltrating chamber;
8—Inlet hole; 9—Decompression pipe; 10—Pressure relief
valve; 11—Sealing component; 12—Lift tube; 13—Sealing
component; 14—Outlet hole

The fabrication process of aluminum foam samples
mainly included the following steps: 1) Preparing
preform. Firstly, soluble sulfate particles were wetted by
spraying a high temperature adhesive onto their surface,
and put into a mould, then a preform was obtained after
the mould was baked at 400 °C for 60 min. A series of
preforms with the dimensions of 120 mm>30 mmx200
mm were used in this study. 2) Melting A356 alloy in the
melting chamber and holding at a given temperature. 3)
Putting the preform into infiltration chamber and
preheating it at a certain temperature. 4) Starting
pressurization equipment to ensure the infiltration of
aluminum melt into the preform. 5) Maintaining a
packing pressure for a required packing time to solidify
the cast. The aluminum foam sample was obtained by
dissolving out particles with warm water from the cast.
The detailed preparation process was described
elsewhere [11].

2.2 Characterization methods
2.2.1 Characterization of pore in aluminum foams

There are two types of pores in the fabricated
samples. One comes from the fact that preform is
dissolved out from the cast, and the other may result
from incomplete infiltration or melt shrinkage during
solidification process. The latter pore strongly influences
mechanical properties of aluminum foams [12, 13].
Therefore, the effects of main processing parameters on
the latter type of pores were studied. Here, void content

(V) was used as an indication for the latter type of pores,
and it was calculated according to Eq. (1):

_pm
Ve =L P (1)

Pt
where p; is the theoretical density of sample, i.e., the
mass per unit volume of aluminum melt theoretically
infiltrated into preform; p,, is the actual apparent density.
2.2.2  Characterization of other performances of
aluminum foams

A digital camera (SONY, DSC-P10) was employed
to observe the macro-shape of samples. A universal test
machine (U.S.A Instron3369) was used to perform the
quasi-static compression tests at a nominal strain rate of
1 mm/min. Load capacity and compression were
imported into computer by sensor, and collected data
were treated to obtain c—¢ curve.

3 Results and discussion

3.1 Performance of aluminum foam prepared by

novel infiltration casting method

The macro-shape of a sample is shown in Fig. 2.
The sample was prepared under the following technical
conditions: the holding temperature of aluminum melt
was 800 °C, the preheating temperature of preform was
620 °C, the filling pressure was 0.02 MPa, and the
packing pressure and packing time were 0.035 MPa and
20 min, respectively. Obviously, the sample exhibits
uniform pore distribution and structural integrity of every
pore. The compression test shows that yield stress and
plateau stress of sample are up to 56 MPa and 51 MPa.

Fig. 2 Apparent appearance of aluminum foam sample

Figure 3 represents the apparent appearances of
three aluminum foam samples. The same preforms were
used in the preparation process of the three aluminum
foam samples to ensure the same theoretical density of
samples, and the three samples were prepared under the
same technical conditions except for packing pressure.
Specifically, the holding temperature of aluminum melt,
the preheating temperature of preform, and the
filling pressure and packing time were 750 °C, 620 °C,
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Fig. 3 Apparent appearances of three samples with same theoretical density: (a) Packing pressure of 20 kPa; (b) Packing pressure of

30 kPa; (c) Packing pressure of 40 kPa

0.02 MPa and 20 min, respectively. The packing
pressures of sample a, sample b and sample ¢ were 20,
30, and 40 kPa, respectively. Apparently, all samples
display macro-defect-free appearances.

The compressive stress—strain curves of the three
aluminum foam samples are shown in Fig. 4. It can be
seen from Fig. 4 that different foams have similar stress
—strain behaviors that include three distinct regions (i.c.,
elastic region, plateau region, and densification region).
The stress—strain behavior of the prepared materials is
similar to the work of YU et al [14]. The linear elastic
deformation region of aluminum foams appears only at a
low strain (¢<0.04), then a stress plateau appears after the
elastic strain is over. However, there is not only a wide
range of yield stress for the three samples, but also a
large difference in plateau stress. The yield stress values
of sample a, sample b and sample c are 33.6, 38.2 and
55.5 MPa, and their plateau stress values are 29.3, 35.7,
50.8 MPa, respectively. These experimental results show
that there is much difference in mechanical properties
even though the samples have the same theoretical
density and matrix alloy. The testing results of V- show

90
Sample a, V-=6.7%

Sample b, V-=5.1% Pid

o
(=}

- Sample ¢, V=3.0% Sample ¢ 7
60 - -
& VRS - Sampleb .~
S e
= [ et et
wn ’
b

—_
W

1 1 1

0 10 20 30 40
Strain/%

Fig. 4 Stress—strain curves of aluminum foams samples with

different void contents

that there is also a large difference in V¢ for different
samples. The V¢ values of sample a, sample b and
sample ¢ are 6.7%, 5.1% and 3.9%, respectively, which
may be the main reason why the yield stress value and
plateau stress value of sample ¢ are larger than those of
sample a or sample b.

3.2 Effects of main processing parameters on void
content of aluminum foams

From the above experiments, it can be concluded
that void content has a strong effect on the mechanical
properties of aluminum foam, which is consistent with
previous researches [13, 14]. Actually, the void content is
closely related to the preparation conditions, such as
holding temperature of melt, pre-heating temperature of
preform, filling pressure, packing pressure and packing
time. Our previous studies showed that the pre-heating
temperature of preform and the packing pressure
probably are the most important factors [15]. Therefore,
the effects of pre-heating temperature and packing
pressure on void content of aluminum foams were
studied in this part.

All foam samples used in this part were prepared
under the same technical conditions except the
pre-heating temperature and the packing pressure.
Specifically, the holding temperature, the filling pressure
and the packing time were 750 °C, 0.02 MPa and 20 min,
respectively.

Figure 5 reveals the relationship between the
pre-heating temperature of preform and void content (V).
Obviously, the V. decreases when the pre-heating
temperature increases. However, the effect of the pre-
heating temperature on V¢ is no longer apparent after
620 °C. This may be attributed to the following facts: 1)
When low pre-heating temperature is applied, strong heat
exchange between the preform and the aluminum melt
will lead to rapid solidification of the first batch of melt.
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These solidified alloys then become barriers that baffle
the continuous infiltration of subsequent melt into the
gaps between the particles in preform. As a result, high
Ve value can be obtained at a low pre-heating
temperature. 2) With the pre-heating temperature rising,
the flowability of melt in the gaps improves gradually,
and the V¢ value decreases gradually. 3) When
pre-heating temperature is higher than 620 °C, all gaps in
the preform are almost full of alloy melt, and the
value mainly depends on the melt shrinkage during
solidification process.
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Fig. 5 Effect of pre-heating temperature on V,

The correlation between the packing pressure and
void content is presented in Fig. 6. Apparently, the V¢
value decreases with the packing pressure rising, which
may be due to the further infiltration of melt into
micro-pores formed during the solidification process of
melt.
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Fig. 6 Effect of packing pressure on V¢

4 Conclusions

1) Macro-defect-free aluminum foams can be
produced by the method of counter-gravity infiltration
casting, and the foam materials thus obtained exhibit

excellent mechanical properties.

2) The void content is an important influencing
factor on the mechanical properties of aluminum foams,
and the yield stress and the plateau stress significantly
increase with the decrease of void content.

3) Pre-heating temperature of preform and packing
pressure strongly affect the void content in aluminum
foams.
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