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The cell structure and mechanical properties of aluminium foams prepared by melt foaming (MF) method are supposed to be better than the ones produced by gas
injection (GI) method. Preparation processes of these two methods have been developed during the last recent years. Mechanical properties of aluminium foams
depend strongly on characteristics of the cell structure. Therefore, it is necessary to compare cell structures of the foams fabricated with these two methods
quantitatively using X-ray computed tomography and this is the purpose of the present paper. MF and GI foams have thus been prepared. True density measurements
and cell structures indicate that the volume fraction of the closed cells of MF foam with high porosity is negligible. By contrast, the majority of cells of GI foam are
closed. Results of cell structure analysis show that there are more micropores in cell walls of the foams prepared by MF method compared to the ones prepared by GI
method, especially for the MF foams with low porosity. In addition, results of cell size study show that the cell size distribution is wide in dynamic GI foams, and there
are usually big holes inside MF foams. GI method is more suitable to prepare aluminium foams with high porosity compared to MF method. Furthermore, the

thickness difference between normal cell wall and Plateau border is greater in GI foams, in particular for the ones produced by the static injector.

1. Introduction

Melt foaming (MF) and gas injection (GI) are two important
methods to prepare aluminium foams [1,2]. In the MF procedures, a
blowing agent (e.g. TiH,) is added into the thickened molten alumi-
nium and the aluminium foam is obtained by decomposition of the
blowing agent and subsequent solidification of the molten aluminium
(this is the method used to produce the ALPORAS foams [3]). In the GI
method, a gas jet is driven directly into the molten aluminium using a
nozzle, and ceramic particles are contained in the molten aluminium for
bubbles stability. There are two versions of this process, namely the
dynamic and the static versions depending on the fact that the GI needle
is moving or static. The first dynamic GI methods were developed by
Alcan [4,5] and Norsk Hydro [6], and the static method by HKR [7,8].
The cells of aluminium foams prepared by these two ways are usually
considered to be closed because they are originated from isolated gas
bubbles [9]. Closed-cell aluminium foams have wide application pro-
spects in aerospace, automobile and building industries due to their
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properties, e.g. low density, good energy absorption performance, ef-
fective noise reduction and fire resistance [10]. The MF is a simpler
preparation process, especially for producing large foam blocks, so it is
more popular in industry. GI is relatively low cost and has the ad-
vantage of continuous production [11]. Other researchers have com-
pared aluminium foams prepared by different ways. Y. Sugimura et al.
[9] found that the cell size and cell wall thickness of the Alporas foam
were both smaller compared to the Alcan foam with a similar porosity.
A.E. SIMONE et al. [12] concluded that Alporas foams had a better cell
structure and mechanical properties compared to Alcan foams. A. El-
moutaouakkil et al. [13] characterised various aluminium foams using
X-ray tomography and found that cells of Alporas foams and Norsk-
Hydro foams were both closed, and Norsk-Hydro foams presented a
bimodal cell size distribution. Most of the previous studies showed that
MF foams are usually superior to GI foams concerning the homogeneity
of both their structure and properties [1,9,12,13].

If the mechanical properties of aluminium foams could be im-
proved, certainly their applications can be further expanded [3,10,14].
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Fig. 1. (a) The macrographic photograph of a GI foam (sample No. 9 in Table 1), (b) 3D view of the corresponded sample after cropping.

Mechanical properties of aluminium foams could be improved from the
matrix alloy [15] or cell structure, which includes relative density, cell
morphology and cell size, and their influences are usually not in-
dependent of each other [16,17]. In recent years, reducing the cell size
of aluminium foams is an effective and extensive way to improve me-
chanical properties, both in MF [18,19] and dynamic GI [20-24]
methods. With the developments of aluminium foam preparation
technology and characterising technique in the last few years, it is ne-
cessary to systematically inspect the cell structure differences of alu-
minium foams prepared by different methods, especially when the
average cell diameter is decreased to around 1 mm [19,23]. If this is
achieved, the effect of cell structures could be quantitatively analysed
in the mechanical property study of different aluminium foams [25],
then the application of aluminium foams prepared by different ways
could be better carried out according to their different cell character-
istics.

X-ray computed tomography (XRCT) is a nondestructive and effec-
tive way to characterise the cell structure of aluminium foams [26-29].
The acquisition of 3D images helps to analyse the morphology of the
foams quantitatively and accurately. Gas trapped in the closed cells
influences the compressive performance [30], especially in the dynamic
response [31]. So it is necessary to try to detect the micro connections
between the cells and measure the amount of closed and open porosity
accurately, which is beneficial to the prediction and study of mechan-
ical properties of different aluminium foams. Micropores in cell walls
and Plateau borders would affect the failure process of aluminium
foams under compressive loads [32]. Moreover, M. Mukherjee et al.
[33] defined microporosity and pointed out that micropores promote
the generation of macro defects, such as broken cell walls. The cell size
distribution is also an important parameter [8,13], which can affect the
energy absorption ability of aluminium foams [34]. The sphericity of
pores affects the effective conductivity (both thermal and electrical)
and Young's modulus of closed cell metallic foams [35]. Distribution of
the cell wall thickness depends on the preparation of aluminium foams;
it certainly influences the deformation and failure of cells [36-38].
Therefore, the above parameters are worth studying in the comparison
of aluminium foams prepared by different methods.

In this paper, aluminium foams prepared by MF method [19], static
GI [39] and new dynamic GI methods [23] are studied by X-ray to-
mography. Closed porosity, micropores distribution, cell size and solid

material thickness distributions of these foams are compared quanti-
tatively. The comparison of aluminium foams prepared by different
ways is significant for optimizing the mechanical property and ex-
tending the future application of aluminium foams.

2. Experimental

Fourteen aluminium foam specimens, which were all prepared by
the authors, were used for X-ray tomography experiments in this paper.
In the case of the MF method, five samples with different cell sizes were
selected, and the cell size was reduced by mixing the pre-oxidized TiH,
with Cu powder. A more detailed description is given in literature [19].
In the case of the static GI method, three samples with different cell
sizes were chosen. A foam sample with the minimum cell diameter
(around 5mm) was obtained by the optimization of orifice diameter
and chamber pressure during the static GI process, as described in detail
in literature [39]. In the case of the dynamic GI method, six samples
with different cell sizes were chosen. A self-developed high-speed
horizontal oscillation system was used in the preparation procedure
[40], and a specimen prepared by the combination of high-speed hor-
izontal oscillation and improved melt preparation methods (smaller
particle size and less particle addition) was also scanned [23]. In order
to improve the scanning resolution and facilitate the analysis of cell
wall structure, samples were cut to certain sizes. For the reliability of
average cell parameters, the dimensions of the scanning samples were
determined by ensuring a sufficient number of cells (at least ten cells) in
each direction. The foam samples are all cylindrical, as shown in
Fig. 1(a). They were weighed by an electronic balance. Then, the por-
osity of the foam could be obtained by Eq. (1).
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where P is the measured porosity according to the relative density of
the aluminium foam specimen, m the weight, p, the solid density, d and
h the diameter and height of the cylindrical foam sample, respectively.
For simplicity in this paper, the solid densities were taken as the ex-
pected densities of the aluminium alloy matrices (pure aluminium
2.7 g/cm® and A356 aluminium alloy 2.685 g/cm® for MF and GI foams,
respectively). We are aware however of the fact that this density also
actually slightly depends on the additives, but we will neglect this small



Table 1
Preparation methods and physical parameters of the foam samples for X-ray tomography.

Number Diameter (mm) Height (mm) Measured porosity (%) Preparation method Matrix

1 40 50 76.7 MF method Pure aluminium
2 50 62.5 81.1 MF method Pure aluminium
3 50 62.5 84.4 MF method Pure aluminium
4 30 37.5 54.8 MF method Pure aluminium
5 40 47.5 76.8 MF method Pure aluminium
6 50 62.5 85.9 Static GI method A356 alloy

7 80 100 88.9 Static GI method A356 alloy

8 80 100 95.5 Static GI method A356 alloy

9 40 50 75.9 Dynamic GI method A356 alloy

10 50 58 81.0 Dynamic GI method A356 alloy

11 50 62.5 85.3 Dynamic GI method A356 alloy

12 60 55 84.3 Dynamic GI method A356 alloy

13 50 62.5 91.9 Dynamic GI method A356 alloy

14 50 62.5 85.6 Dynamic GI method + smaller particles (3.7 pm) A356 alloy

effect. Preparation methods and physical parameters of the specimens
used for X-ray tomography scanning are listed in Table 1.

The laboratory X-ray tomography equipment used in this work is
located in the MATEIS lab of INSA Lyon and manufactured by Phoenix
X-ray company. The voltage was set to 80 kV, and the intensity 280 pA
during all the scanning procedures. The detailed description of the to-
mography equipment was given in [41,42]. The resolutions of the
scanning were chosen to be 30-77 um per voxel depending on the
overall sizes of the samples. Moreover, for further investigation of the
structure of cell walls, some selected foams were also scanned at higher
resolutions (4-6.3 um per voxel for different foams), in the so called
“local” tomography mode. We have verified that in the case of our
studied foams, local tomography is not detrimental to resolution. The
3D images of the foams could then be obtained after reconstruction via
the commercial software coupled to the tomography equipment.

Subsequent processing of the 3D images was performed via Fiji
software according to the following procedures:

o First, the parallelepipedic 3D region containing only foam and no
outside air was cropped from the cylindrical shape of the sample, as
shown in Fig. 1(b). From this representative volume, cells were bi-
narized using a simple threshold. All the following calculations were
performed on the binarized image.

e Then, porosity was calculated by dividing the amount of white
voxels (corresponding to the cells) over the total number of voxels of
the analysed volume.

o After that the pores were labeled using a home-made plugin (called
“Labelling 3D”) to identify the completely closed cells, including
micropores.

e In order to retrieve the typical size distribution of the possibly

connected cells, the Fiji plugin “Local Thickness” was used [43,44].

This mathematical morphology measurement, also sometimes called

“granulometry” procedure, allows us to retrieve the thickness dis-

tribution of connected 3D objects with complex shapes.

At this stage, “Local Thickness” plugin on the solid (completely

connected) phase was also used to measure the solid material

thickness distribution of the aluminium foams.

Finally, the connected cells were virtually splitted using the Fiji

plugin called “3D watershed split” [45]. The morphological para-

meters (volume, surface, sphericity, inertia moments, orientation
etc.) of each splitted cell were then calculated using a second home-
made plugin (called “Param 3D”).

To experimentally measure the difference of overall closed poros-
ities of MF and GI foams, a true density experiment was performed. A
JW-M100A true density meter implementing the gas expansion re-
placement method was used, wherein the used gas was He. The volume
of open pores could be estimated by measuring the volume of the

replaced gas, which lead to calculating the closed porosity.

3. Results and Discussion
3.1. Porosity Obtained by Tomography Result

In order to verify the reliability of the binarization results, the
porosity obtained by tomography was compared with the porosity ob-
tained by relative density of the foam sample in Table 1, as shown in
Fig. 2.

It is clearly shown that the porosity from tomography agrees well
with the porosity from relative density. Therefore, the tomography re-
sult and binarized 3D image successfully describe the structure of the
aluminium foams. Taking into account the errors in the values of solid
densities and measurement of foam dimensions for the porosity ob-
tained by relative density, the porosity values obtained by tomography
result were used in the rest of the paper, which were believed more
reliably trusted. The two porosity values of different aluminium foam
samples are listed in Table 2 to facilitate comparison, and the numbers
of the samples are consistent with that in Table 1. In order to better
distinguish different samples, each foam sample is named according to
their preparation method and porosity, as shown in Table 2.
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Fig. 2. Comparison of porosities obtained by tomography images and relative densities.



Table 2
The two porosity values of different aluminium foam samples.

Number 1 2 3 4 5 6 7
Porosity_relative density (%) 76.7 81.1 84.4 54.8 76.8 85.9 88.9
Porosity_tomography (%) 78.6 78.2 82.2 50.7 74.4 85.2 88.8
Name MF79 MF78 MEF82 MF51 MF74 GI85sta GI89sta
Number 8 9 10 11 12 13 14
Porosity_relative density (%) 95.5 75.9 81.0 85.3 84.3 91.9 85.6
Porosity_tomography (%) 95.8 75.1 79.8 84.6 85.5 92.2 84.4
Name GI96sta GI75dyn GI80dyn GI85dyn GI86dyn GI92dyn GI84dyn

Melt foaming route

Fig. 3. The two aluminium foam specimens for true density experiments.

3.2. Closed Porosity Difference of Aluminium Foams Prepared by Different
Methods

Two aluminium foam samples prepared by MF and GI methods were
tested by the true density meter, the specimens are shown in Fig. 3.
Diameter of the two samples is 40 mm, and their height is 50 mm. Open
porosity can be calculated by the replaced gas in the true density ex-
periment, then the closed porosity can be obtained combined with the
overall porosity of the foam. Physical parameters and true density test
results of the two foams are listed in Table 3. It is shown that almost all
cells of the aluminium foam prepared by MF method with the current
porosity are open. On the other hand, except from the open cells on the
outer surface, the cells inside the aluminium foam prepared by GI
method are mostly closed. The closed porosity difference of aluminium
foams prepared by different methods can be further described by the
morphology of cell walls.

In order to describe this morphology, foam samples prepared by
different methods were scanned at higher resolutions of 4-6.3 ym per
voxel, as shown in Fig. 4. Fig. 4(a) and (b) show that there are many
small gaps in cell walls of MF foams, which were marked by circles, and

Table 3
Physical parameters and true density measurement results of the two aluminium foams
prepared by different methods.

Samples Total porosity (%) Open porosity (%) Closed porosity (%)
A: MF 76.7 74.49 2.21
B: GI 86.1 28.04 58.06

these gaps lead to the interconnections of cells. In the case of GI foams,
gaps in cell walls hardly appear even though the cell walls are very thin,
namely almost all cells are complete in the 2D view, as shown in
Fig. 4(d), (e) and (). Fig. 4 shows only one slice of every scanning
sample. If the slices with some small gaps in cell walls stack into a 3D
view, it means that many cells are connected together in the 3D view,
which could be described by the structure in Fig. 5(a). The cells con-
nected with each other through small holes in cell walls, as marked by
A, B, C, D and E in Fig. 5(a). Fig. 5(b) describes a representative in-
dividual cell. A large number of interconnected cells in MF foams re-
duce the closed porosity. On the contrary, many individual cells guar-
antee the closed porosity of GI foams. Moreover, the entrapped gas
inside closed-cells contributes to the compressive performance of alu-
minium foams [30,31], so the interconnected cells which reduce the
amount of this entrapped gas are likely to be detrimental to the me-
chanical properties. When the porosity of the MF foam is low, and cell
walls are thick, the cell connections through cell walls decrease, as
shown in Fig. 4(c) (the resolution is 4 um per voxel). For foam samples
studied in this paper, most internal cells of all the GI foams are closed,
and only MF51 has a high closed porosity for MF foams.

It is quite straightforward to infer that the gaps in cell walls of MF
foams are mainly formed during the solidification shrinkage process of
cells. In the case of GI foams with nearly no gap in cell walls it is
possible that the gas forming bubbles is actually a quite oxidizing gas
(usually it is air). As a consequence of this oxidisation nature, the
surface of bubble wall could be covered by a layer of oxide film [46,47].
Then the oxide film with toughness would prevent the tearing of bubble
walls in the process of solidification shrinkage, even though the thin-
ning of bubble walls appears. In the case of the MF method, the gas



Fig. 4. High resolution XRCT slices showing the cell wall morphology of (a) MF79, (b) MF 78, (c) MF51, (d) GI85sta, (e) GI80dyn and (f) GI75dyn.

forming the bubbles is hydrogen. In the process of solidification
shrinkage, the bubble wall is easily torn after thinning without the
protection of oxide film. And the small gaps (in 2D image) or small
holes (in 3D image) will appear in the cell wall after solidification, then
the cells will be connected by small holes in cell walls. When the re-
lative density of MF foams is high, the bubble wall is thick enough and
not easy to be torn during the solidification process. So the connection
of cells can be reduced when the overall porosity is low enough. Con-
sequently, GI method allows the cells of aluminium foams to be com-
pletely closed at a higher porosity compared to MF method.

3.3. Comparison of Micropores in Aluminium Foams Prepared by Different
Methods

Fig. 4 shows that there are some micropores in cell walls and Pla-
teau borders, which would affect the mechanical properties of

aluminium foams. So it is necessary to study the distribution and
amount of micropores in different aluminium foams. The completely
closed pores in the binarized image could be distinguished by “Label-
ling 3D” plugin, as shown in Fig. 6, then the morphological parameters
of every closed cell could be obtained by “Param 3D” plugin. The
threshold setting during binarization process has a certain degree of
subjectivity, so thin cell walls between large cells are hard to be re-
cognised by the software. Because most of the micropores are closed
with thick walls, the micropores in aluminium foams could be dis-
tinguished by this plugin easily. It has been studied that micropores
with 30 um to 350 um in diameter are crack originations [32]. Based on
this research result, M. Mukherjee et al. [33] defined the equivalent
diameter of micropores as <350 um, and the same definition for mi-
cropores was used in this paper. Therefore, the information of micro-
pores could be extracted from the morphological parameters results. It
can be concluded from Fig. 6 that the volume fraction of micropores in

Fig. 5. (a) A structure of interconnected cells, (b) a representative individual cell.



f A N 1 1400 Y 1 9 i R > Y ¥ ' Y E
(a) ME79 (e)GI89sta
(] L -
)9t 00 . 0.9 t -
r, " -
o 0 4 L} i . " 2
8t 1000 s 08 | s ol u O
- 16 -.-'- "™ " 0
= -
£a7} s = ozl . ¥ a .
{8 C I - RS "
] o & - = 8
£ I £ |
& & | =1 - =
006 W 140 @ -
- - €
o 30 "
40 -
- . = . 20 4
= = =
D05 01 015 02 025 03 035 04 0.2 03 035 04 005 01 015 02 025 03 035 02
Equivalent diametarimm) te Equivalent diametermm)
1F 1F
(b)MFs1 - (f) GI85sta
- 9
gl -
. .y Ea
B - = B
z = = -
B - 8 1 " =w I S
| - -
s {20 s o " -
= a7t 5 0 - -
5 . I 5
& = {30 g =
06| w06
" -
-
-
= L T :
R -
-
- 1t
0.05 01 315 0 1 03 it 0 0. 01 5 0. 03 035 04 0.0 01 02 025 03 035 04
Equivalent diameter(mm) Equivalent diametarimm) Equivalent diametern{mm)

Fig. 7. Distributions of equivalent diameter and sphericity of micropores in different aluminium foams, (a) MF79, (b) MF51, (c) GI80dyn, (d) GI84dyn, (e) GI89sta and (f) GI85sta.

the MF foam is much higher than that in the GI foam.

Fig. 7 shows the equivalent spherical diameter as a function of the
sphericity of each micropore in six different foam samples (chosen as
being representative of the 14 foam samples). It is clearly shown in
Fig. 7 that micropores in MF foams are much more numerous than the
ones in GI foams, especially when the overall porosity is low, as shown
in Fig. 7(b). Number of micropores in static GI foams is less than the one
in dynamic GI foams. The sphericities of most micropores in different
aluminium foams are concentrated in 0.7-0.9 (for a perfect sphere the
value is 1). The good sphericity of the micropores indicates that the
proportion of micropores caused by solidification shrinkage is small.

Regardless of the micropores formed in the shrinkage process, differ-
ence of the number of micropores can be explained by the preparation
processes of different foams.

In the case of the MF method, it was difficult to perfectly uniformly
disperse TiH, probably because of the poor wettability between TiH,
and aluminium melt. The contact angle between TiH, and aluminium
melt is about 153° [48]. The particle size of TiH, powder used in our
preparation is < 48 um [19]. Therefore, it is difficult to disperse TiH,
evenly in the preparation process, and although we have no real proof
of this assertion, there will likely be both aggregated and dispersed
blowing agents in the melt. The aggregated blowing agent formed



Fig. 8. (a) Binarized image and (b) the image after calculating with “Local Thickness” of the MF74 (the calculated average cell size d with this method is 1.73 mm, and the standard
deviation s is 0.606 mm), (c) binarized image and (d) the image after calculating with “Local Thickness” of the GI80dyn (d is 2.08 mm, and s is 0.619 mm).

Fig. 9. Cell split processes of (a)-(c) the MF74 (the calculated average cell size with this method is 1.89 mm, and the standard deviation s is 0.462 mm) and (d)-(f) the GI80dyn (d is
2.62mm, and s is 0.696 mm). (a) and (d) are original scanned 2D images, (b) and (e) are images after binarization, (c¢) and (f) are images after using “3D watershed split”.

larger bubbles, the dispersed blowing agent formed micropores. The
micropores which did not merge with large pores during the drainage
process would remain on the cell walls. In the preparation of the alu-
minium foam with lower porosity, less amount of blowing agent re-
sulted in more dispersed TiH, in the molten aluminium. So there are
more micropores in the aluminium foam with low porosity. In the case
of the GI method, the large cells were formed by the bubbles generated
from the gas injection needle, and micropores in cell walls were mostly
formed by the air present in the molten aluminium alloy or rolled from

molten surface. The high-speed horizontal oscillation needle of dynamic
GI method causes the disturbance of molten aluminium alloy in-
evitably, and more air will be involved in the foaming melt. So the
fraction and density of micropores in dynamic GI foams are higher than
that in static GI foams. Obviously, micropores formed by the air in melt
in GI foams are less than the ones formed by the decomposition of TiH,
in MF foams.
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3.4. Cell Size Difference of Aluminium Foams Prepared by Different
Methods

As mentioned above, there are some connections between the cells
in aluminium foams, in particular for the MF foams, as shown in
Fig. 4(a) and (b). “Local Thickness” plugin can be used to obtain the
size distribution even if the cells are connected. Fig. 8 shows typical
results after such measurements of “Local Thickness”. The colour in the
graph is equal to the thickness measured. It is clear here that even if the
cells are connected, their typical diameters can be measured by this
method. Another method was to split the connected cells using the
plugin of “3D watershed split” first, as shown in Fig. 9. Then the plugin
of “Param 3D” could be used to obtain the equivalent diameter and
sphericity of every independent cell.

Fig. 10 shows the distribution comparisons of the cell equivalent
diameters obtained by “Local Thickness” and “Param 3D” after “3D
watershed split” for samples MF82 and GI85dyn. The cell size dis-
tributions obtained by the two methods in the sample of Fig. 10(b) are
basically consistent. As expected, the cell size obtained after “3D wa-
tershed split” is slightly larger than the ones obtained by “Local
Thickness”. The difference of the two methods could be reflected by the

comparison of average cell diameters for all of these distributions for all
the samples. This is gathered in Fig. 11. It can be seen that the cell size
obtained after “3D watershed split” is typically about 30% larger than
the one obtained by “Local Thickness”. Even if the splitting is not ab-
solutely perfect, the result after using “3D watershed split” is con-
sidered more reliable. This is because in the other method, some regions
located close to the boundaries of cells are artificially measured to
contribute to smaller sizes in the distribution. This systematic error
increases with the decrease of sphericity. However, “Local Thickness” is
a good and straightforward way to estimate the cell size distribution of
aluminium foams, especially when the cells are connected to some
extent.

The equivalent diameter is plotted as a function of the sphericity for
each splitted cell in eight different representative foam samples in
Fig. 12. In the case of MF foams, there are usually large cells whose size
is much bigger than the average cell size, as shown by the red circles in
Fig. 12(a), (b) and (c). Fig. 12(i) displays the internal large cells in the
foam of Fig. 12(b), which could also be seen in Fig. 8(b). It indicates
that cells merging occurs frequently during MF preparation process,
which is due to the difficulty of controlling the distribution and de-
composition of TiH,. In the case of dynamic GI foams, it is rather clear
that the distribution of cell sizes is wide. This is mainly because the cell
sizes are usually not uniform in one cycle of high-speed horizontal vi-
bration [40]. Moreover, the disturbance of the liquid melt caused by the
vibration may also affect the uniformity of the bubble size. It can be
observed from Fig. 12(g) and (h) that the aluminium foams prepared by
static GI method have a better cell size uniformity and a more con-
centrated sphericity distribution, especially for the foam of Fig. 12(h).
Most cell sizes of the foam in Fig. 12(h) are centered in the range of
4-5 mm, which is almost also the smallest cell size that static GI method
can achieve. It can also be concluded from Fig. 12 that the sphericity
distribution of GI foams is better than that of MF foams. One of the
reasons is that the shape of the bubbles could possibly be adjusted a
little during the floating process of the GI method. Another reason is
that the merging of small pores and large pores affects the sphericity of
the final cell in MF method.

Fig. 13 shows the numerical average of the cell equivalent diameter
(calculated from the splitting method) of aluminium foams prepared by
different methods plotted as a function of the porosity in each sample. It
can be seen that average diameter of aluminium foams increases
sharply when the value of porosity increases. The aluminium foam with
the smallest cell size was obtained by MF method. Aluminium foams
prepared by static GI method are usually larger in cell size compared to
the ones prepared by other methods. Dynamic GI method could sig-
nificantly reduce the cell size compared to the static method. The alu-
minium foam with smaller cell size and higher porosity can be obtained
by dynamic GI method combined with smaller particles. When the
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average cell diameters are almost the same, the porosity of dynamic GI
samples is usually higher than that of MF samples under their respective
matrix. So GI method is more suitable to prepare aluminium foams with
high porosity compared to MF method. Contrarily, aluminium foams
with high density could be obtained by MF method through reducing
the amount of TiH,.

3.5. Solid Material Thickness Difference of Aluminium Foams Prepared by
Different Methods

The “Local Thickness” plugin was also used to determine the solid
material thicknesses of different foams. As shown in Fig. 14, when co-
loured according to their local thickness by the plugin, the typical size
of the solid material can be measured. Fig. 15 illustrates the distribu-
tions of solid material thickness in different aluminium foams. In the
case of MF foams, the solid material thickness distributions show a
trend of the normal distribution, most of the solid material thicknesses
distribute in the middle region. In the case of GI foams, the thickness
distribution is more of a log-normal type, and most of the solid material
thicknesses are in the thinner solid material region. This feature is even
more pronounced in static GI foams. The wall thickness of Plateau
border is larger than the normal wall thickness between two cells



Fig. 14. (a) Binarized image and (b) the image after calculating with “Local Thickness” for solid material thickness of the MF74 (the calculated average solid material thickness 7 is
0.378 mm, and the standard deviation s is 0.154 mm), (c) binarized image and (d) the image after calculating with “Local Thickness” for solid material thickness of the GI80dyn (f is

0.459 mm, and s is 0.256 mm).
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[37,38], so the larger thickness in Fig. 15 is usually attributed by Pla-
teau borders. According to the different distribution characteristics of
the solid material thickness in different aluminium foams, the thickness
difference between normal cell wall and Plateau border in MF foams is
smaller than the one in GI foams, which could also be reflected by the
cell wall morphology in Fig. 4. Therefore, the amount of liquid drainage
in bubbles walls during the preparation process of GI method is more
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important than that of MF method under their respective matrix. The
bubbles could remain closed in the case of serious drainage for GI
foams, which is related to the oxide film on the surface of bubbles
during the solidification process. It could also be seen from Fig. 15 that
the proportion of Plateau border is correspondingly less because of the
larger cells in static GI foams.

Then the average solid material thickness of different aluminium
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foams could also be obtained, as Fig. 16 shows. It can be seen that the
average solid material thickness of static GI foams is quite higher than
the ones prepared by other methods, which is also related to the larger
cell size of static GI foams and to the fact that the wall thickness scales
homothetically with the cell size. When the average cell diameters are
almost the same, the average solid material thickness of the MF foam is
smaller than that of the GI foam under their respective matrix. In the
case of GI foams, the foam with small cell size and thin solid material
can be obtained when the dynamic method and smaller ceramic par-
ticles are used.

4. Conclusions

1) The closed porosity of the aluminium foam prepared by MF method
is much lower than the one prepared by GI method at a similar
overall porosity, which is related to the bubble formation processes
of different aluminium foams. In the case of the MF method, the
closed porosity can be improved by increasing the relative density.
There are more micropores in cell walls of aluminium foams pre-
pared by MF method than that in aluminium foams prepared by GI
method, especially for the MF foam with low porosity. Micropores in
static GI foams were less than the ones in dynamic GI foams.
The cell size obtained after “3D watershed split” is, as expected,
larger than the one obtained by “Local Thickness”. Dynamic GI
foams have a smaller cell size and wider cell size distribution
compared to static GI foams. In addition, there are usually big holes
inside MF foams. GI method is more suitable to prepare aluminium
foams with high porosity compared to MF method under a similar
cell size condition.
4) The thickness difference between normal cell wall and Plateau
border is greater in GI foams compared to MF foams, in particular
for the static GI method.
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