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Abstract: In this study, steel meshes with various opening ratios ¢ were used to shape aluminum
foams during precursor foaming. The effect of ¢ on the heating rate and shape of the obtained
aluminum foams was investigated. It was found that steel meshes with various opening ratios can be
used to shape aluminum foam. There is no significant effect on the pore structures of the obtained
aluminum foams when upward expansion is restricted during foaming, regardless of the value of ¢.
The meshes with higher ¢ clearly transfer the mesh pattern onto the surface of the aluminum foam
but require a shorter foaming time. In contrast, the lower-¢ meshes produce aluminum foams with a
smoother surface but a longer foaming time is required.
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1. Introduction

The shaping of aluminum (Al) foam is required in various industrial fields where lightweight
materials are desired, such as the vehicle [1] and building industries [2]. The foaming of precursors
in a mold by heat treatment is a popular method of fabricating Al foams with complex shapes [3-5].
The precursor [6,7] is solid Al containing a homogeneously distributed blowing agent. Upon heat
treatment of the precursor, the blowing agent decomposes and the released gases expand the Al. In this
foaming process, the mold is also heated, which causes a significant energy loss. Also, the fabrication
of a mold with a complex shape is a very time-consuming process, increasing the cost of the mold.

Hangai et al. demonstrated that the precursor can be foamed by optical heating using halogen
lamps [8]. In addition, Al foam can be shaped by a steel mesh with an opening ratio of 66.9% as a mold
during the foaming of the precursor [9,10]. The foaming was induced by the light passing through the
openings of the steel mesh. Although the mesh pattern was observed on the surface of the obtained
Al foam, little protrusion of the Al foam from the mesh openings was observed during the foaming
owing to the surface tension of the Al foam.

In this study, steel meshes with various opening ratios were used to shape Al foam. Al foam
with a smoother surface can be expected by using a mesh with a lower opening ratio, but a longer
foaming time may be required owing to the reduced amount of light. First, the relationship between
the rate of increase in the temperature during the heat treatment of Al without a blowing agent and
the opening ratio of various steel meshes was investigated. In addition, Al foams with a plane surface
were fabricated while restricting upward expansion using various steel meshes. The forming behavior,
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surface mesh pattern, and pore structures of the obtained Al foams were investigated. On the basis of
these experiments, the effect of the opening ratio of the steel mesh on the heating rate and shape of the
obtained Al foams is discussed.

2. Materials and Methods

2.1. Rate of Temperature Increase

Figure 1 shows a schematic illustration of the heat treatment of an Al sample by optical heating.
An ADC12 (Al-Si—Cu die-casting alloy, solidus and liquidus temperatures of 515 °C and 580 °C [11],
respectively, thermal conductivity of 92 W/m-°C) sample without a blowing agent having dimensions
of 15 mm x 15 mm x 6 mm was used. The ADC12 sample was placed on a ceramic honeycomb with a
thermocouple placed 3 mm from the bottom center of the sample to measure the temperature at the
center of the sample. A halogen lamp was used for the optical heating. The current and voltage of the
halogen lamp during the heat treatment were 7.0 A and 48 V, respectively. The distance between the
lamp and the upper surface of the ADC12 sample was 50 mm.
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Figure 1. Schematic illustration of heat treatment of ADC12 sample.

The steel mesh was held between the halogen lamp and the ADC12 sample by clamps, which
were placed sufficiently far from the sample for their effect to be disregarded during the heat treatment.
The distance between the steel mesh and the surface of the ADC12 sample was 25 mm. Four steel
meshes made of SUS304 stainless steel with different opening ratios ¢, as shown in Figure 2, were used.
Table 1 shows the specifications of these steel meshes. Free foaming without the use of a steel mesh
was also conducted (¢ = 100%). The lamp was turned off when the temperature reached 400 °C. Then,
the ADC12 sample was cooled to below 100 °C, the steel mesh was changed, and the next temperature
measurement was started. A temperature of 400 °C (lower than the foaming temperature) was selected
to neglect the effect of heat dissipation and to prevent the change of the shape of the ADC12 sample by
softening of the sample during heat treatment. These experiments with the changing of the steel mesh
were repeated three times.

Table 1. Specifications of the steel meshes shown in Figure 2.

Opening Ratio, ¢ (%) Wire Diameter, b/mm Sieve Mesh Size, a/mm
(a) 66.9 0.29 1.30
(b) 57.6 0.34 1.07
©) 49.8 0.25 0.60

) 383 0.08 0.13
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Figure 2. Steel meshes used in this study: (a) ¢ = 66.9%. (b) ¢ = 57.6%. (c) ¢ =49.8%. (d) ¢ = 38.3%.

2.2. Shaping of ADC12 Foam by Steel Mesh

Figure 3 shows a schematic illustration of the foaming of the ADC12 precursor by light through
the steel mesh and the restriction of the upward expansion by the steel mesh. The ADC12 precursors
were fabricated by the friction stir welding (FSW) route in accordance with Ref. [12-14]. ADC12
die-casting plates [15] were used as the starting material. Titanium(II) hydride (TiH;, <45 pum, 1 wt %)
and a-alumina (Al,Os3, ~1 pm, 5 wt %) were used as the blowing agent and stabilization agent,
respectively. Precursors with dimensions of 15 mm X 15 mm X 6 mm were obtained.
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Figure 3. Schematic illustration of foaming ADC12 precursor.

The setup of the heating equipment was the same as in Figure 1, except that the steel mesh was
held by spacers and no thermocouple was used. The steel mesh was placed on 10-mm-thick steel
spacers, then 15-mm-thick steel weights were placed on the steel mesh to prevent it from moving
upward owing to the foaming force of the precursor. The distance between the spacers on both sides of
the precursor was as short as possible to avoid the deflection of the steel mesh owing to its weight and
thermal expansion without shielding the irradiating light. The thermocouple was not used because the
use of the thermocouple may have affected the pore structures of the obtained ADC12 foam. The effect
of using spacers on the heating rate of the precursor was not considered in this study. The distance
between the upper surface of the precursor and the steel mesh was set to 4 mm, which resulted in
the obtained ADC12 foam having a thickness of 10 mm. The foaming was stopped when the pores
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began to burst owing to the release of the generated gases from the surface of the precursor. Foaming
experiments were conducted twice for each ¢.

The pore structures of the obtained ADC12 foam were nondestructively observed by microfocus
X-ray computed tomography (CT) equipment in accordance with Ref. [16]. In addition, the porosity of
the entire ADC12 foam was evaluated by Archimedes’ principle.

3. Results and Discussion

3.1. Rate of Temperature Increase

Figure 4 shows the relationship between the temperature of the ADC12 sample T and the heating
time t for each ¢. t = 0 s was defined as the time when the temperature reached 100 °C. It was found
that the temperature reached 400 °C first when no mesh was used (¢ = 100%), and the time required
to reach 400 °C increased with decreasing ¢. Figure 5 shows the relationship between the rate of
temperature increase dT/dt and ¢, where dT/dt was evaluated as the slope between temperatures of
200 and 300 °C in Figure 4. It was found that dT/dt vs. ¢ had a strong correlation with a correlation
coefficient of 0.994. These results indicate that the amount of light passing through the mesh used for
the heat treatment of the sample was significantly affected by ¢.
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Figure 4. Relationship between temperature and time during heat treatment.
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Figure 5. Relationship between rate of temperature increase and mesh opening ratio during heat treatment.

3.2. Shaping of ADC12 Foam by Steel Mesh

Figure 6 shows the foaming behavior of the ADC12 precursor when using a steel mesh with
@ = 66.9%. Figure 6a shows the precursor immediately before the light was turned on and the heat
treatment began. Figure 6b shows the precursor during the foaming approximately when it first came
in contact with the steel mesh. Figure 6¢c shows the ADC12 foam shortly after the light was turned off
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and the foaming stopped. The precursor was successfully foamed by the light passing through the
steel mesh and the upward expansion of the ADC12 foam during foaming was restricted by the steel
mesh, consistent with our previous study [9].
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Figure 6. Foaming behavior of ADC12 precursor when using steel mesh with ¢ = 66.9%: (a) initial

precursor, (b) during foaming, (c) after foaming.

Figure 7a—e shows the foamed Al shortly after the light was turned off for each ¢. The precursor
was successfully foamed by the light passing through the steel mesh, and the expansion of the ADC12
foam during foaming was restricted by the force applied by the steel mesh regardless of the kind
of steel mesh used in this study. However, significant deflection of the steel mesh was observed for
@ =49.8% and ¢ = 38.3% owing to the thermal expansion of the steel mesh. The light was partly
irradiated on the steel mesh. Thermal expansion only occurred in parts where light was irradiated
which caused deflection of the steel mesh. Therefore, significant deflection of the steel mesh occurred
for the meshes with lower ¢ having densely aligned steel wires.
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Figure 7. (a)-(e) Foaming behavior of ADC12 precursor using steel mesh, (f)-(j) Appearance of obtained
ADC12 foams, (k)—(o) their surface mesh patterns, and (p)—(t) their cross-sectional X-ray CT images.

Figure 7f—j shows the appearance of the obtained ADC12 foams and Figure 7k—o shows enlarged
images of their surfaces in contact with the steel mesh. ADC12 foam with a plane surface was obtained
by using a mesh with a higher ¢. The mesh pattern was transferred to the surface of the ADC12 foams
in contact with the steel mesh, and the surface of the ADC12 foams was smoother than that of the
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foam obtained for ¢ = 100% (Figure 70). The surface of the ADC12 foam became increasingly smooth
with decreasing ¢ owing to the smaller sieve mesh size as shown in Table 1.

Figure 7p—-t shows cross-sectional X-ray CT images of the obtained ADC12 foams. Black and white
regions indicate pores and Al, respectively. The upper and lower surfaces were in contact with the steel
mesh and the ceramic honeycomb during the foaming process, respectively. It was found that there
is no significant effect on the pore structures of the obtained ADC12 foams upon restricting upward
expansion during foaming, regardless of the value of ¢. Porosities of around 80% were observed
for every sample, similar to that obtained by free foaming and by the precursor foaming process in
Ref. [5,17]. The thickness of the ADC12 foams was similar to that of the steel spacers for ¢ = 66.9% and
57.6% but different for ¢ = 49.8% and 38.3% owing to the deflection of the steel mesh. The effect of
thermal strain on the accuracy of the shape of the obtained Al foam is an important issue even in the
case of using a general rigid mold for shaping Al foam. Deflection of the steel mesh during the foaming
process may be prevented by preheating the entire steel mesh. This issue should be investigated in a
future study.

4. Conclusions

In this study, steel meshes with various opening ratios ¢ were used to shape ADC12 foams.
It was found that all the steel meshes used in this study can be used to shape ADC12 foam during
foaming. There was no significant effect on the pore structures of obtained ADC12 foams when upward
expansion was restricted during foaming, regardless of the value of ¢. The meshes with higher ¢
clearly transferred the mesh pattern onto the surface of the ADC12 foam but required a shorter foaming
time. In contrast, the lower-¢ meshes produced ADC12 foams with a smoother surface but a longer
foaming time was required.
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