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In recent years, there has been an increasing demand for lighter,
more functional, and more durable materials to reduce environmental load.
Aluminum alloy foams can satisfy these demands because they are ultralight
and exhibit several mechanical properties, such as shock absorbance and
heat isolation, because of their closed cell structure. Aluminum alloy foams
are fabricated by adding TiH: as a blowing agent, which generates H2 gas by
thermal decomposition, into the melt and allowing the foam to solidify while
retaining the bubbles. The uniformity and reproducibility of foams are
essential for future industrial applications. However, the drainage at the
cell wall decreases both uniformity and reproducibility of foams because the
drainage ruptures the cell walls and leads to pore coarsening. The melt
route, which is a conventional fabrication method, uses a thickening agent
to increase the apparent viscosity of the melt, thereby preventing drainage.
A semi-solid route does not use any additional thickening agent; instead, it
crystalizes the primary crystals inherently included in the alloy, thereby
discarding the need for adding impurity elements. The pore stabilization
mechanism in the melt route and the preferred range for the fraction of
thickening agent are already known. In contrast, the pore stabilization
mechanism in the semi-solid route is unlike that of the melt route because
the average diameter of the primary crystals is ten times larger than that of
the thickening agent. This study focused on the semi-solid route and set an
objective to reveal the stabilization mechanism of the semi-solid route to
fabricate stable aluminum alloy foams.

According to a previous study on the semi-solid route, the primary
crystals gather in the cell wall and prevent drainage physically. This
mechanism 1is referred to as the clogging effect, which is considerably
different from the pore stabilization mechanism of the melt route. However,
there i1is still no clarity regarding why the primary crystals prevent the
drainage and how many primary crystals are required to prevent the
drainage in one cell wall. In addition, the clogging effect does not act over
the entire foam. Percolation theory can provide clarity on both points
because it indicates the minimum fraction of obstacles required to stop the
liquid flow in any structure.

The prevention of drainage based on the clogging effect can improve
both the uniformity and reproducibility of the foam. The volume fraction of
solid varies easily with temperature, and therefore, the temperature of the

semi-solid slurry during the foaming process in the semi-solid route can
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affect fabrication. Thus, even a small fluctuation 1n temperature can
significantly affect the pore morphology of the foam. Therefore, the
temperature fluctuation allowance needs to be identified to avoid changes in
the pore morphology. The lower the concentration of oxygen during
fabrication, the lower i1s the stability of the foam fabricated in the melt
route. Furthermore, the reproducibility needs to be improved for
comparative experiments to clarify the effect of oxygen.

The internal structure of the stable foam has gained considerable
research attention. The X-ray computed tomography (CT) technique is
commonly employed to observe the movement of pores during the
compression test and the dynamics of the foaming process. However, no
research has focused on the internal structure of the foam as one parameter
quantitatively.

Chapter 1 provides an overview of aluminum alloy foams. The existing
issues related to the mechanism of drainage prevention, reproducibility of
the semi-solid route, and internal structure of the stable aluminum alloy
foam are also discussed. Additional relevant topics, including the foam
fabrication methods, internal structure of the foam, semi-solid processing,
percolation theory, and Monte Carlo method, are also presented.

In Chapter 2, the objective was set to extend the clogging effect from
the cell wall to the entire foam. The area fraction of the primary crystals in
each cell wall of the fabricated aluminum alloy foam is measured, and the
cell walls wherein the drainage 1is prevented by the clogging effect are
referred to as clogged cell walls. According to the percolation theory, the
clogged cell walls can be considered as obstacles for the drainage in the
entire foam. Thus, the clogging effect works in both cell walls and the foam.
Moreover, the clogged cell walls can ensure that the non-clogged cell walls
do not develop drainage.

Chapter 3 reveals the preferred range of the primary crystals in
volume fraction of solid and the effect of oxygen on the stability of the pores.
Aluminum alloy foams were fabricated under same setting conditions or
under different oxygen concentrations. The allowance fluctuation of the
temperature was obtained for comparative experiments by fabricating five
aluminum alloy foams under the same setting conditions. Three foams were
compared under different temperature. The obtained results indicate that
the number of clogged cell walls increases with an increase in the volume

fraction of solid. Based on this result, the preferred range of the volume
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fraction of solid is calculated to be 15-35% of the volume fraction of solid.
In addition, the area ratio of primary crystals in all cell walls increases,
and therefore, a higher volume fraction of solids in the preferred range is
considered to be more effective for pore stabilization. Foams fabricated
under 18% oxygen and 10 ppm oxygen revealed that the oxygen in the
furnace increased the stability of the pores and the primary crystals.

Chapter 4 defines the internal cell wall structure quantitatively. The
internal cell wall structure 1s observed using X-ray CT. The new parameter,
cell wall structure &, is defined as the value obtained by subtracting the
number of outflows connected to the drainage from the number of inflows.
According to the Monte Carlo simulation, a larger value of & has a smaller
percolation threshold, which means that it is easy to prevent drainage. A
pair distribution function g(r) was obtained for each target cell wall
structure 6 to reveal the arrangement of the cell wall structure. Each cell
wall structure & was arranged to supplement the excess cell walls that do
not connect to any cell walls.

Chapter 5 presents the three important conclusions of this thesis.
Primary crystals whose presence exceeds the percolation threshold can
prevent drainage in the entire foam. Therefore, the clogging effect can be
applied not only to one cell wall but also to the entire foam. Further, the
preferred range of the primary crystals in volume fraction is obtained as
15-35%. The clogging effect works more effectively with a higher volume
fraction of solid in the preferred range. In addition, the allowance
fluctuation of the temperature to fabricate the foam with high
reproducibility is determined. Finally, it is determined that the oxygen in
the atmosphere can improve the stability of the foam.

The findings of this study are expected to facilitate the commercial
use of aluminum alloy foam. Methods to improve the uniformity and
reproducibility of the foam are presented in this study. Therefore, a stable
foam can be fabricated using the methods presented in this study. Further,
stable aluminum foams with a wvariety of pore morphologies can be
fabricated, and their mechanical properties can be measured. Finally, a safe
and reliable society can be established because many products, such as
transportation vehicles, heat exchangers, and architectural materials, use
the foams. Moreover, the combination of the metal analysis tequnique and
physical approach is expected to help establish new material processing

techniques.
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