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Abstract: Stabilized Aluminium Foams (SAF) is new class 
of materials with low densities and novel physical, 
mechanical, thermal, electrical and acoustic properties. 
They offer potential for lightweight structures, for energy 
absorption, and for thermal management; and some of 
them, at least, are cheap. Metal foams offer significant 
performance gains in light, stiff structures, for the efficient 
absorption of energy, for thermal management and perhaps 
for acoustic control and other, more specialized, 
applications. They are recyclable and nontoxic. They hold 
particular promise for market penetration in applications in 
which several of these features are exploited 
simultaneously. 
To obtain SAF we have focused research on Al-Mg alloys 
with different concentrations of magnesium and silicon 
carbide (SiC). To obtain these materials has been chosen 
different gas blowing method (N2, SO2 şi C4H10). It was 
observed that the best results in terms of pore volume gave 
blowing with C4H10. The samples obtained were analyzed 
by optical and electron microscopy. 
The paper also presents some manufacturing processes of 
SAF, (such as sheet casting, low pressure casting, 
precursor technology) and some SAF’s characteristic 
properties. Finally, the various application fields for 
cellular metals are discussed. They are divided into 
structural and functional applications and are treated 
according to their relevance for the different industrial 
sectors. 
Key words: manufacture metal foams, stabilized aluminum 
foams (SAF), porous metals, cellular materials. 
 
1. INTRODUCTION  
 
Aluminum foam is a kind of closed-cell porous metal 
with lots of cellular pores inside. (Banhart 2001) and 
(Chen and Li, 2003) all reported that, except for some 
intrinsic properties of cellular materials, aluminum 
foam had also some special performances, such as 
sound absorption, flame retardant, crash energy 
absorption, easy processing and recycling. It’s a kind 
of hybrid material used for structural and functional 
applications. (Banhart, 2001) reported that aluminum 
foams could be made into light weight structures, 

filling pieces with high stiffness, sound barriers and 
safety protectors, and they have broad applications in 
automobile, airplane, road traffic, architecture, and 
safety protection areas. 
Manufacturing Processes. 
Sheet Casting. 
Once melted, the MMC is poured into a foaming box. 
The foam is formed when gas bubbles exit the 
immersed rotating impellers (a component of the gas 
injection system). The foam collects on the surface of 
the molten material where it can be continuously 
drawn off to form a sheet. The foam structure is 
predominantly closed cell. The cell size is controlled 
by the gas flow rate, impeller design and impeller 
rotational speed. The rate and means by which the 
gas is introduced can be varied to produce foams with 
densities varying from 3% to 20% of the density of 
solid aluminum. Because many of the mechanical and 
physical properties of SAF vary with density and cell 
size, SAF can be tailored to suit the targeted 
application. 
Low Pressure Casting. 
Low Pressure Casting is similar to the aluminum die-
casting process, which is commonly used to make 
aluminum wheels. The process involves injecting 
SAF into a mould. The pressure of injection is 
controlled so that it is sufficient to fill the mold 
precisely, while not being so high as to collapse the 
unique cell structure of SAF. This technology is 
currently in the developmental phase. Many 
companies had built experimental equipment for 
process development, manufacturing of simple 
products, and further exploration of the technology. 
Features of this process are that it produces 3 
dimensional shapes that have foam on the inside and 
an aluminum „skin” on the outside surface. These 
will allow Companies to meet the requirement for 
components with complex geometries and coherent 
surfaces that can be painted or otherwise treated. 
Precursor technology 
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Precursor technology involves adding a foaming 
agent to molten MMC, followed by rapidly cooling 
the melt to form a solid precursor with a defined 
shape. Under specific re-heating conditions the 
precursor will expand to fill a cavity. The result is a 
uniform-celled foam that leverages Companies 
existing processes realized at a substantially lower 
cost than comparable powder metallurgy methods 
used to produce complex shapes. Precursor 
technology will provide the ability to produce 
components with complex geometries and fill other 
complex and difficult to access parts. 
The gas injection foaming process is an important 
method to produce aluminum foams. In this process, 
gas is injected through a special injecting device into 
aluminum melt containing some ceramic particles to 
form bubbles, and then the bubbles accumulating on 
the surface of the melt are collected and molded to 
fabricate aluminum foam parts. According to 
production mode of the foam, the gas injection 
foaming method can be divided into continuous and 
batch type processes, respectively described by Jin et 
al., 1990 and Leitlmeier et al., 2002. According to the 
authors’ study (Liu, 2010), the aluminum foams will 
undergo large disturbance in the continuous process, 
so the aluminum foams need fast cooling, and they 
are difficult to be made into blocks with large size in 
all three dimensions. In fact, the most products of the 
continuous process are plates whose thickness is less 
than 15 cm generally (Banhart, 2001). However, in 
some batch type process, the disturbance to the foams 
is small relatively and it’s easier to make large foam 
blocks. 
The author (Liu, 2010) has made some foam blocks 
with size of 50 cm x 50 cm × 22 cm in the batch type 
process. The block shape is helpful to expand the 
application field of the aluminum foams, so the batch 
type process is an important part of the gas injection 
process. 
Unfortunately, in the batch type process, both the gas 
injection depth and the particle content in the melt 
decrease during the progress. Theoretically, when 
these two values decrease to beneath some critical 
value, the foaming conditions will not meet the 
requirements of foam stability any longer, and some 
melt will remain as residuals. That brings the problem 
of materials utilization ratio. Some researchers have 
investigated the effect of the gas injection depth and 
the particle content on the stability of the foams. 
Babcsán et al. (2005) found that the ceramic particles 
were necessary to make the foam stable in the gas 
injection foaming process. They found the melt, 
which did not contain ceramic particles, such as 
molten powder compacts or oxidized melt, could not 
produce stable foams. 
Ip et al. (1999) pointed out that only when the content 
of SiC particles in the aluminum melt was larger than 

some critical value can the foam be stable under 
certain foaming condition. The similar phenomenon 
was also observed by Xu et al. (2007) and Wang et al. 
(2007) using 32OAl  particles. Ip et al. (1999) 
presented an equation to explain this phenomenon, 
based on the assumption that the quantity of the 
ceramic particles adsorbed by a bubble should be 
more than a critical value to keep the foams stable. 
It’s the first time that the effect of the gas injection 
depth and the particle content was described 
quantitatively. 
 
2. STRUCTURAL AND MECHANICAL 
PROPERTIES 
 
The properties of the metal foams belong to a group 
of materials called cellular solids which are defined 
as having porosity up to 0.7 (Gibson and Ashby, 
1997). Natural foams are produced by plants and 
animals such as cork or bone. Man made foams can 
be manufactured from a variety of materials such as 
ceramics, polymers and metals. There are two 
categories of foams: open - and closed- cells. Here, it 
is presented a brief overview of the main properties 
of closed-cell Al-alloy foams obtained by the PM 
method. 
Metal foams combine properties of cellular materials 
with those of metals. For this reason, metal foams are 
advantageous for lightweight constructions due to 
their high strength-toweight ratio, in combination 
with structural and functional properties like crash 
energy absorption, sound and heat management 
(Asbhy et al, 2000; Degischer and Kriszt, 2002). 
Many metals and their alloys can be foamed. Among 
the metal foams, the Al-alloy ones are commercially 
the most exploited due to their low density, high 
ductility, high thermal conductivity, and metal 
competitive cost. 
There are several structural parameters of these 
foams, such as number, size-pore distribution, 
average size, shape and geometry of the pores, 
thickness, intersections and defects in the cell-walls 
and thickness, defects and cracks of the external 
dense surface for describing the cellular architecture 
of the foams. The properties of these foams are 
influenced by these morphological features (Gibson 
and Ashby, 1997; Ramamurty and Paul, 2004; 
Campana et al, 2008). 
Progress has been made in understanding the 
relationship between properties and morphology. 
Although this exact interrelationship is not yet 
sufficiently known, one usually assumes that the 
properties are improved when all the individual cells 
of foam have similar size and a spherical shape. This 
has not really been verified experimentally. There is 
no doubt that the density of metal foam and the 
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matrix alloy properties influence the modulus and 
strength of the foam. All studies indicate that the real 
properties are inferior to the theoretically expected 
due to structural defects. This demands a better pore 
control and reduction in structural defects. Density 
variation and imperfections yield a large scatter of 
measured properties, which is detrimental for the 
metal foams reliability (Ramamurty and Paul, 2004). 
Wiggled or missing cell-walls reduce strength, and in 
turn, result in a reduced deformation energy absorbed 
under compression (Markaki and Clyne, 2001; 
Campana and Pilone, 2008). Mechanical studies 
demonstrate that selective deformation of the weakest 
region of the foam structure leads to crush-band 
formation (Duarte et al, 2009). Cell morphology and 
interconnection could also affect thermal and acoustic 
properties (Kolluri et al, 2008). It is widely accepted 
that foams with a uniform pore distribution and 
defects free, are desirable. This would make the 
properties more predictable. Only then, metal foams 
will be considered reliable materials for engineering 
purposes and will be able to compete with classical 
materials. Despite their quality improvement in the 
last 10 years the resulting metal foams still suffer 
from non-uniformities. Scientists aim to produce 
more regular structures with fewer defects in a more 
reproducible way which is the crucial challenge of 
the research in this field. Many literature studies have 
been undertaken on the mechanical properties of 
metal foams. A broad survey of the understanding of 
the mechanical behaviour of a wide range of cellular 
solids is provided by Gibson and Ashby (Gibson and 
Ashby, 2000, Mourão, A., 2010). Others have carried 
out experiments to investigate the behaviour of 
metallic foams under different loading conditions, 
particularly the properties of metal foams under 
impact loading. The possibility of controlling the 
load-displacement behaviour by an appropriate 
selection of matrix material, cellular geometry and 
relative density makes foams an ideal material for 
energy absorbing structures. Among the several 
mechanical testing methods available, uniaxial 
compressive mechanical tests are commonly used to 
evaluate the compressive behaviour and the energy 
absorbed of these foams. 
The compression behaviour of these Al-alloy foams 
depends on several parameters such as: (i) the Al-
alloy composition; (ii) the foam morphology (cell 
size range); (iii) the density gradient of samples; (iv) 
the defects of cellular structure (cell walls) and (v) 
the characteristics of the external surface skin. The 
influence of the density and the architecture of these 
foams on the mechanical properties are strong and 
complex. Depending on the material from which the 
foam is made, different mechanisms (brittle or 
ductile) can be observed. The compressive properties, 
such as, the average plateau stress, modulus, the 

elasticity and the energy absorption, depend, above 
all, on the foam density in which their values increase 
with the rise of the density (Duarte and Oliveira). 
 
3. METAL FOAM APPLICATIONS 
Light weight structures: - shipping container, building 
material, filling in hollow materials against buckling 
and builders staging. 
Sandwich cores - panel like floor and drop ceiling, 
aircraft pallet, heavy duty pallet, panel replacing 
honeycomb, elevator cab and door. 
Mechanical damping - basis of rotating machine or 
loudspeaker. 
Biomedical industry - prostheses or dental implants. 
Acoustic absorption - sound barrier for highways, 
overhead bridge and tunnel, achine casing with 
improved sound and vibration damping. 
Acoustic control - closed cell foams suitable as 
impedance adaptors for ultrasound sources. 
Filtration and separation - filters for cleaning recycled 
polymer melts, for removing yeast from beer, for 
contaminated oil, filtration of diesel fumes or water 
removal in air lines. 
Thermal isolation - Cooking pot and vessels. 
Buoyancy - Ship and boat. 
Sporting equipment - Shinbone protectors for football 
players. 
Decoration and arts - Fancy furniture, clocks, lamps 
(Ashby et al., 2000). 
 
4. PRELIMINARY EXPERIMENTS AND 
RESULTS 
The experimental equipment consists of an electric 
resistance furnace (maximum heating temperature 
800ºC), which was adapted for insufflation gas (SO2, 
N2, inert gas, etc.) It is also equipped with a wide 
agitator and a trough acquisition of foam formed 
(Figure 1). 
Has been obtained metal foam by mixing the alloy 
melt AlMg10 with 15% SiC powder 120 μm size, at a 
temperature of 710ºC and with C4H10 injection at 1.2 
atm pressure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Electric resistance furnace: 1 – engine, 2 – 

reductor, 3 – port rod paddle, 4 – metal frame, 5 – 
crucible, 6 – paddle, 7 - crucible support, 8 – silica 
bars, 9 – thermocouple, 10 – refractory shield, 11 – 

collecting gutter foam. 
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The study of samples was performed using scanning 
electron microscope equipped with cannon QUANTA 
INSPECT F field emission electron - FEG (field 
emission gun) with a resolution of 1,2 nm and 
dispersive X-ray spectrometer energy (provenance 
EDAX) with a resolution of 130 eV at MnK. 
Below we present the characterization of morphology 
and dimensional tests of samples from cell-based 
composite type aluminum alloy reinforced with 
silicon carbide particles. Analysis was performed by 
scanning electron microscopy (SEM) and the electron 
diffraction analysis (EDX). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. SEM image illustrating the manner of embedding 
the silicon carbide particles that are contained in the matrix 
alloy (identified in the zone 1). It can be seen that adjacent 

areas of silicon carbide particles are found showing 
Intercan porous areas of communication networks by 

forming aluminum alloy matrix (areas that appear black in 
the micrograph). Magnified X 1000. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. SEM image highlighting porosities distribution and 
morphology of the composite structure formed. Can easily 
see a multitude of micro-porous globular structure as well 
as pores which have dimensions of the order of 3 to 10 μm 
distributed in the whole mass of the composite. Random 

pore sizes are found tens of microns which seem to 
communicate on the network. X 400. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. SEM image viewing area network communication 

pores. The network consists of the very thin parallel 
channels that are regrouping around silicon carbide 

particles to form highly porous zone with channel widths 
of about 300-350 μm maximum. 

 
Fig. 3. EDX qualitative analysis for the identification 

of silicon carbide 
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Fig. 6. SEM image showing their cellular structure area are 
located a plurality of open pores that communicate over the 

network and closed pores formed in the matrix of the 
composite. The cell area can be found formed a plurality of 
micro-spherulites of aluminum oxide. The distribution of 

spherulites, and their size significantly increased cell 
porosity of the composite material formed. 

Magnified X 2000. 

Fig. 7. SEM image within a network-type ducts formed in 
the matrix of the composite. It can easily notice a massive 
distribution of spherulites placed even very thin channels 
formed in the matrix of the composite. Most spherulites 
were submicron and can be seen visually that are caught by 
the walls of the cavities (porosity) formed. 

Magnified X 8000. 

 

 
Fig. 8. Analysis by scanning electron microscopy SEM for 
evidence the overall appearance of the overall composition 
and the morphology of the constituents and distribution of 

the pores in the matrix of the composite. 
Magnified X 250. 

 
Fig. 9. SEM image that highlights composite structure and 

arrangement of silicon carbide particles. Carbides have 
dimensions up to about 100μm. In matrix alloy may notice 
a random arrangement of microspheres with diameters of 

3-25 μm. 
Magnified X 500. 
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Fig. 10. Electron diffraction analyzer EDAX emphasizes the distribution maps for the main constituents of the composite. 

The colors chosen for call distribution to be able to differentiate the constituents on the basis of: Al.Si, Fe, Cu, Mg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. EDX qualitative analysis for evidence the distribution map of aluminum and silicon. It can identify that the 
spherulites that are found distributed in the matrix of the composite are based on aluminum oxide. In the upper right hand 

side marked a spherulites of about 40μm. 
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Microhardness of AlMg10 alloy  Vickers method, 
standardized by STAS 492, consists in printing in a 
given time with a force F of an pervasive form of a 
quadratic pyramid square, diamond, perpendicular 
to test the surface and measuring the diagonal, d, of 
all residual print. (figure 12 ) (Dumitrache, 2011). 

 
Fig. 12. Scheme of microhardness test after Vickers 

method. 
 
For determining microhardness was used a 
Microhardness machine PMS 73. Microhardness 
results are presented in table 1. There have been 
five attempts per sample, the penetration was 
performed using a pyramid penetrator type, 
pressing the sample, weight was 50g. 
Vickers hardness (Hv) for the five attempts was 
calculated using equation; 

220000
N
PHv ⋅= , [daN2/mm2]                          (1) 

where: P = weight of pressing, 2N  = number of 
divisions. 

 
Fig. 13. Microhardness machine used to determine the 

Vickers microhardness for the AlMg10 alloy: 1 support 
column, 2 motherboard, 3 penetrator, 4 protective cone, 

5 lever, 6 eye, 7 ocular micrometer , 8 light, 9 hand 
handle (Dumitrache, 2011). 

Table 1. Values of microhardness for AlMg10 alloy 
Atempts P 

(g) 
N 

(daN2) 
2N  

(daN2) 
HV 

[daN2/mm2] 

1 50 157 24649 40,569
2 50 138 19044 52,509 
3 50 143 20449 48,902 

 
5. CONCLUSION 
 
Experiments have shown the viability of the foams 
obtaining method and that the foam stability was 
achieved by depositing of some particles (Al2O3, 
and SiC) on pores walls. 
We observed the existence of silicon carbide with 
max size 100 μm in the material. It can be seen that 
in the silicon carbide particles adjacent areas there 
are some porous areas with interconnecting 
channels, that forms a network in the aluminum 
alloy matrix. We also can observe a massive 
distribution of spherulites on the basis of silicon 
carbide, with a 6 μm average diameter, located right 
on the very thin channels formed in the composite 
matrix. 
The spherulites distribution and their size 
substantially influence the increase of cellular 
composite material porosity. 
In the matrix alloy was observed a random 
arrangement of aluminum oxide microspheres with 
diameters between 3 and 25 μm. 
The material structure contains a lot of micro-
globular pores and pores having 3-10 μm 
dimensions, distributed throughout composite. 
Randomly distributed pores with tens of microns 
(40-80)μm sizes seem to communicate in a 
network. The network consists of parallel very thin 
channels grouped around silicon carbide particles, 
which leads to the formation of highly porous 
zones, with channel widths of about (300-350)μm. 
Also, the pores formed in the material structure can 
be opened, forming a communicating network, or 
closed in the material matrix. 
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