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Abstract 

 
In this paper, the X-ray tomography is used to observe the 
evolution of pore morphology during the compression of 
aluminum foam. The pore morphological tomography images for 
every cross-section were obtained, and the evolution regularity 
was analyzed in different compression stages. The results of the 
research work show that the pore morphology evolution is closely 
related with the cell wall structure. There are non-uniform pore 
structure and cell wall defects generated in the preparation process 
of aluminum foams. Foam Al-Si alloy presents brittle fracture in 
the process of compression as for the reason of brittleness in its 
base metal. This crack first appears in the area of the cell wall 
with defects. As the pressure increases, the crack continues to 
expand and deepen with fractures appearing in some cell walls, 
and eventually forming a fracture zone; finally, the entire sample 
is compacted and crushed. Foam magnesium alloy presents good 
ductility in the process of compression. Bending deformation of 
the cell wall occurs, and expands to the central area until the 
entire sample is compacted. 
 

Introduction 
 
Foam aluminum materials as a new type of material with 
structural-function integration has been widely recognized and has 
attracted great attention due to its various excellent physical, 
mechanical [1-3] and chemical properties [4-6]. Much research 
has been carried out on its preparations, performances and 
applications [7-8]. Foam aluminum materials, however, are still 
brand new without the mature technologies that have the defect of 
dispersibility. Mukhrjee et al. [9] pointed out that not only the 
properties of basis material, but factors of the pore morphology, 
size distribution, pore size and porosity etc. has great effects on 
aluminum foam performances. In the meanwhile, ZHANG et al. 
and Tabibian et al. [10-11] showed that the characteristics of the 
pore structure determine the compression and energy absorption 
behavior on one of the most representative researches. Currently, 
Seitzberger et al. works [12] that focus on the studies of dynamic 
and static mechanical properties on lab basis, the regular 
honeycomb or cube structure of the bubbles are also studied by 
De Giorgi et al. and Yu et al. [13-14] with theoretical deduction 
and numerical simulation for the pore structure that cannot truly 
demonstrate the highly complexity and disorder. The real 
evolution process of pore morphology has rarely been reported, 
especially for the pore structure testing of porous metal material 
by Saadatfar et al. and Yang et al. [15-16] with electronic 
computer X-ray tomography technique. 
During the compression process, the changing of pore structure is 
very complex. One cannot accurately describe the changing by 

adopting regular statistical approach to studying a certain cross 
section [17]. If the morphological evolution is carried out for the 
entire section of pores, the statistical distribution rule of the main 
micro structural geometric parameters is obtained, so that the 
evolvement rule can be accurately described [18]. Therefore, in 
this paper, the morphologic changes for each cross section are 
obtained by electronic computer X-ray tomography technique 
during compression process, analyzing the evolvement rule of 
pore morphology on each compression stage, so that it can 
provide the evidence to study the relationship between the 
structural feature and the performance.  
 

Materials and experimental procedure 
 
Sample preparation 
The mechanical properties of the matrix is one of the main factors 
that determines the mechanical properties of the aluminum foam, 
the matrix materials which are widely used to prepare aluminum 
foam are currently Al-Si alloy and Al-Mg alloy. In the 
compression energy absorption performance, closed-cell 
aluminum foam prepared by melt foam and powder metallurgy 
method showed a more prominent feature, so the research in this 
paper is focused on these kinds of materials. Pore size distribution 
is another important factor that determines the compression 
performance of aluminum foam; two kinds of aluminum materials 
with different porosity and size distribution were selected for the 
study in the experiment. Al-Si alloy foam is named Foam I, 
magnesium alloy foam is named Foam II. Al-Si alloy foam was 
prepared by ‘Alporas’ method. Calcium metal is added to an 
aluminum melt at 680 . The melt is stirred for several minutes 
during which its viscosity continuously increases owing to the 
formation of calcium oxide (CaO), calcium–aluminum oxide 
(CaAl2O4) or perhaps even Al4Ca intermetallic that thickens the 
liquid metal. For the actual foam production, usually 1.5–3 wt% 
Ca is added. After the viscosity has reached the desired value, 
titanium hydride (TiH2) is added (typically 1.6wt %), which 
serves as a blowing agent by releasing hydrogen gas in the hot 
viscous liquid. The melt soon starts to expand slowly and 
gradually fills the foaming vessel. The foaming takes place at 
constant pressure. After cooling down the vessel below the 
melting point of the alloy the liquid foam turns into solid 
aluminum foam and can be taken out of the mould for further 
processing. The entire foaming process can take 15 min for a 
typical large batch.  
Al-Mg alloy foam was prepared using the powder metallurgical 
(PM) production method. The production process begins with the 
mixing of metal powders – elementary metals, alloys or powder 
blends – with a foaming agent, after which the mix is compacted 
to yield a dense, semi-finished product. Heat treatment at a 
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temperature near the melting point of the matrix material is the 
next step. During this process the foaming agent, which is 
homogeneously distributed within the dense metallic matrix, 
decomposes. The released gas forces the compacted PM material 
to expand into its highly porous structure. The samples were 
sectioned by electro-discharge machining to cuboid shapes of 
40mm 40mm 16mm (Foam I) and 35mm 32mm 13mm 
(Foam II), and the outer skins of the foams were removed.  
Experimental procedure 
Compressive strength tests were carried out on the 810 Material 
Test System in the Mechanics of Materials Laboratory of 
University of Leicester. The samples were sectioned by electro-
discharge machining, and the outer skins of the foams were 
removed. Samples in cuboid shapes with different density and 
pore structure were electro-discharge machined to 
40mm×40mm×16mm pieces from the foamed plates. Before 
compression, the axial force and displacement should to be 
adjusted to zero upon the sample touching both upper and lower 
indenters. The velocity of compression bar is set to 2 mm/min, and 
can be stopped according to the amount predetermined. Finally, 
the sample will be unloaded with the velocity of 0.1 mm/sec. The 
pore size and the density of the foam can be controlled by the 
heating temperature and processing time. 
Micro-structural and size distribution examination was performed 
using X-TEK XT H 225 X-ray computed tomography (X-ray CT) 
manufactured by Nikon, with 240 kV microfocus X-ray source, 
which can rotate the sample through 360  for one interval of 1  
for one image. The voltage and current are set around 150kV and 
130μA, respectively. Three-dimensional (3D) reconstruction of the 
data was performed using the commercial software Octopus. After 
reconstruction, the commercial software VGStudioMax 1.2.1 was 
used to extract 2D and 3D sections of the foam. The cell size 
distribution of the sample was represented as an equivalent 
diameter of a circle with the same area, and then was described 
using the professional image analysis software ImagePro Plus 6.0 
(IPP6.0). For the compressed samples the cell size analysis was 
performed only for the first layer of the X-ray CT 2D image.  
 
Image analysis method 
There are many defects in the aluminum foam, such as congenital 
absence of the cell wall, that will cause the image recognition 
software used to automatically identify these cells into a large cell 
and cause statistical errors, The missing walls will therefore be 
repaired using a brush before counting. The discrete cells are 
numbered sequentially as 1, 2, 3, ….., i, … using IPP6.0 software, 
and then cell numbers and sizes are counted for every image. In 
order to comfortably describe the experiment results, a uniform 
coordinate is established for the images of samples in every 
compression stage, shown in Figure 1.  
Pressure load direction is opposite to the z-axis direction, the 
section parallel to XOZ section is the cross-section. Different 
sections along the y-axis direction are analyzed, y represents the 
relative distance of at y=0. 
 

 
Figure 1 Schematic diagram coordinate for 3-D reconstruction of 
the specimen 
 

Results and discussion 
 
Basic features of the sample 
The basic features of Al-Si alloy foam Al-Mg alloy foam obtained 
by X-ray CT are shown in Table 1. 
Table 1 Detail of the samples based on the X-ray tomography 
image 

Sample Foam I Foam II 

Size(mm) 
40(high) 

×40(length) 
×16(width) 

35(high) 
×32(length) 
×13(width) 

Density (g/cm3) 0.595 0.450 
Porosity (%) 78.00 83.50 

Diameter 
(mm) 

Min 0.09 0.10 
Max 7.75 5.26 
Mean 2.44 1.23 

Area  
(mm2) 

Min 0.0016 0.0021 
Max 48.0049 24.0198 
Mean 8.22 3.0 

 
Cell size distribution 
From the cell size distribution in different compression stages 
shown in Figure 2, it can be seen that the size ranges widely 
before compression. In Foam I, the cells less than 0.5mm account 
to 20.18%, the cells between 5.5-6.0mm account to 0.8%, and the 
cells between 7.0-8.0mm account for 2.63%. During compression 
(compressed 0-18.43%), the cells in middle and large size are 
compressed first, the percentage of cells in small size increases; 
the number of cells smaller than 0.5mm increases to 39.62%, the 
cells between 5.5-6.0mm account 2.83%, and there are no cells 
larger than 6.0mm. With the increase in the amount of 
compression, some of the cell walls are broken or compacted, the 
percentage of small size cells decreased, but it still accounts for 
the majority of size distribution. When the compression increases 
to 43.80%, the number of cells less than 0.5mm accounts 27.78%, 
the cells between 4-4.5mm are only about 5.56%, the cells greater 
than 4.5mm are no longer present. The size distribution of cells in 
Foam II is between 0.5-6.0mm. The cells size less than 0.5mm 
account to 57.6%, and the cells greater than 5.5mm account to 1%. 
As the compression increases, the cells in large size become 
smaller, the cells in small size are gradually compacted. When the 
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compression amount increases to 20%, the cells number with 
smaller than 0.5mm increases to 60.98%, and the cells with larger 
than 5.5mm decreases to 0.8%. When the compression is 
increased to 60%, the number of the cells smaller than 0.5mm 
increases to 66.6%, the number of the cells in size between 3.5-
4.0mm is about 0.4%, and the cells larger than 4.0mm are no 
longer present. 

 
Foam I 

 
Foam II 

Figure 2 Cell size distribution in difference compression stage 

Cell diameter, area and porosity distribution 
The average diameter, average area and porosity are shown in 
Figure 3 in the different compression stages. It can be seen from 
the figure that, as the compression increases, the average pore 
diameter becomes smaller. For Foam I, during the period of 
compression between 0-2.51%, there is a small increase in 
average diameter and area of cells. When the compression is 
greater than 2.51%, it decreases linearly, and the slope is -0.049, it 
reaches to its minimum when the compression is 39.7%. It shows 
that the change in diameter and porosity of Foam I is very 
obvious during compression. Combined with the images of X-ray 
CT, it can be seen that not only do some cells become smaller 
during compression, but some cell walls also become broken and 
compacted, which results in the rapid decrease in the average 
diameter of the cells. 
For Foam II, as the compression increases, the cell sizes are 
reduced as well, but much more smoothly than that of Foam I, 
even more, when the compression is 10% -20%, the changing rate 
is nearly zero (the slope is nearly zero), and when the compression 
is greater than 20%, the slope is about -0.015%. 
From the X-ray CT images, it can be seen that, when the 
compression is small, only some of the upper portion of the 
sample cell walls bending deformation occurs, the number of the 
cells is reduced, but the cells do not disappear. 

0 10 20 30 40 50 60
0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

0

2

4

6

8

10
 

A
ve

ra
ge

 A
re

a/
m

m
2

 Foam II Diameter
 Foam I Diameter

A
ve

ra
ge

 D
ia

m
et

er
/m

m

Compression/%

 Foam II Area
 Foam I Area

 

0 10 20 30 40 50 60
20

25

30

35

40

45

50

55

60

65

70

75

80

85

 

 

A
ve

ra
ge

 p
or

os
ity

/%
Compression/%

 Foam II
 Foam I

 
Figure 3 Diameter, area and porosity of cell in different 

compression stage 
 
Pore morphology evolution 
The sequence of fracture events during compression of the 
samples of Foam I and Foam II is shown in Figures 4 and 5. For 
the sample of Foam I, there are some defects in the cell walls. 
Several broken cell walls can be seen in the region highlighted 
using a red circle in original micrograph image (Figure 3a). Some 
of cracks appeared on the cell walls when the sample was 
compressed by 2.51% compression. Further cracks occurred in 
this region and some of cell wall fractures, and a fracture zone 
formed when the compression was 6.32%. At the same time, 
cracks were generated in another region that had pre-existing 
defects in the cell walls. As the compression proceeded (15.27% 
compression), some of cell walls began to crack. When the 
compression was 35.18%, the fracture area expanded, a part of 
dislocation appeared on the side of sample and broken cell partly 
also appeared on the bottom of the sample. As the compression 
proceeded, the fracture area spread and the cell walls fragmented 
and some regions became dense. The cell walls fracture without 
undergoing significant elastic deformation prior to fracture, which 
is consistent with the fluctuations of the stress-strain curve. 
For Foam II, it can be seen that as the compression increases, the 
deformation appears at the top of the sample first, the cell walls 
become bent, and there is no significant change in other parts of 
the sample (as shown in Figure 5H). 
From Figure 5 (K and I), it can seen that there are many missing 
cell walls on top of the sample, and the cell walls at the bottom of 
the sample are more complete. When compressed, the cell walls 
on the top experience bending deformation first. When 
compression is 40%, the number of bending cells increases, the 
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deformation extends to the middle of the sample, but there are no 
cracks in cell walls, and the cell shape at the bottom is not 
significantly changed. The cell walls in the upper part of the 
sample are connected with the cell walls in the bottom part. As the 
height of the sample becomes lower, the width becomes larger, 
and the extension appears at the top of the sample because of the 
compression (as shown in Figure 5I). 

 

 

 
Foam I a0%, b6.32%, c15.27%, d18.43%,  

e35.18%, f39.70% compression 

 

 

  
Foam II: g 0%, h 5%, i10%, j 20%, k 40%, l 60% compression 

Figure 4 2D pore morphology evolution in difference 
compression 

 
 

  

  
Foam I: A 0%, B 6.32%, C 15.27%, D18.43, E 35.18%, F 

39.70% compression 

  

 
Foam II: G 0%, H10%, I40% compression 

Figure 5 Microstructure of the aluminum foams specimen in 
difference compression stage 
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Conclusions 
 
To analyze pore morphology change of every section of 
aluminum foam in the course of compression by X-ray CT, can 
obtain results as follows: there are a large number of cells with 
ranges widely dispersed in size, cell size focus in 0-6.0m  As the 
compression increases, larger size cells were compressed and 
shrunk first, the percent of small size cell increases, and the large 
cells disappear gradually, until the aluminum foam is compacted.  
Cell destruction is related with its location and geometry.  
Evolution of cell morphology is closely related to the structure of 
cell wall and the characteristic of the matrix materials. For Al-Si 
alloy foam, since the matrix materials are of poor scalability, cell 
walls show brittle fracture in the compression process. Cell wall 
defect is the direct cause of pushing forward cell wall breakage. 
Breaking is first produced in a defective area, as the pressure 
increases, the crack continues to expand and deepen, and 
ultimately forms many fracture zones, until the whole sample is 
compacted and crushed. For Al-Mg alloy foam, since the matrix 
materials is of good ductility, bending deformation first occurs in 
the area of defective parts of cell wall and extends to other parts 
constantly, until the whole sample is compacted. 
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