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    When foaming metals, a minimum content of solid particles (e.g. >10 vol.% SiC) has to be present 
in the melt to stabilise the gas filled bubbles [1]. Oxygen in the blowing gas was found to support 
stabilisation by reducing the rate of bubble ruptures by increasing the oxygen concentration in the 
foams [2]. What the precise interactions between particles, melt and the solid-gas interface (oxygen 
layer) are and how they stabilise such foams is still under dispute [3]. In the present study we used a 
model system in order to discuss stabilisation of metallic foams:  single metallic films were pulled from 
molten AlSi9Mg0.6 (all values in wt.%) containing different types of particles (20 vol.% SiC or 6 vol.% 
TiB2) using circular molybdenum wire frames in a controlled atmosphere (possible oxygen 

concentration: 10
-8 

‒ 2.1x10
5 

ppm). For comparison, foams based on the same melts were produced 
via external gas injection using air or argon [4]. A further novel material based on Al-Mg containing 
sub-µm-sized MgAl2O4 spinel particles was foamed via the so-called ‘Formgrip process’ [5, 6]. The 
embedding of stabilising particles at the surfaces of foam bubbles and single films made in 
atmospheres containing different oxygen levels was analysed by Scanning Electron Microscopy 
(SEM). We found that particles in foams blown with argon gas and in films pulled at a reduced oxygen 
atmosphere (<2000 ppm O2) are partial covered by the surface. In contrast, particles in air injected 
foams and in films pulled at ambient atmosphere are completely covered, compare figure 1. Cross 
sections of such particles were further examined by cutting out lamellae using a Focused Ion Beam 
(FIB, Zeiss Crossbeam 1540 EsB), see figure 2a). The same lamellae were further polished until 
electron transparency was sufficient for investigating the oxide surface by Energy Filtered 
Transmission Electron Microscopy (EFTEM, Zeiss LIBRA 200 FE) to elucidate their role in 
stabilisation. A correlation between the oxygen concentration during film pulling and the oxide layer 
thickness (ranging up to 35 nm) was not found. However, only films pulled at ambient atmosphere are 
able to form a connected oxygen layer in contrast to a discontinuous oxide formation for films pulled at 
oxygen reduced atmospheres, see figure 2b) and c). To investigate the distribution of fine MgAl2O4 

particles (0.1‒1 µm) a tomographic data set of the solid-gas interface was obtained by cutting slices in 
steps of 25 nm using FIB. We found that most of the MgAl2O4 particles tend to stay at the cell wall 
surface where they are totally embedded at the solid-gas interface. TEM images of the cell wall cross 
section of the oxide layer prepared by FIB reveal particles down to 50 nm size connected to the oxide 
layer, see figure 3. The close analogy of the model system ‘single metallic films’ to full metal foams 
allows us to investigate stabilisation criteria in the simpler system. In this regard we assume that the 
formation of a continuous oxide layer at the film or foam surface is mandatory to capture solid particles 
that stabilize liquid films. 

 

 

1. D. Leitlmeier, H.P. Degischer, H.J. Flankl, Advanced Engineering Materials 4 (2002), p. 735-740. 
2. N. Babcsán, D. Leitlmeier, H.P. Degischer, J. Banhart, Advanced Engineering Materials 6 (2004), p. 421-

428. 
3. J. Banhart, Advanced Engineering Materials 8 (2006), p. 781–794 
4. S.W. Ip, Y. Wang, J.M. Toguri, Canadian Metallurgical Quarterly 38 (1999), p. 81-92. 
5. V. Gergely, B. Clyne, Advanced Engineering Materials 2 (2000), p. 175-178. 
6.  G. Vinod Kumar, M. Chakraborty, F. Garcia-Moreno, J. Banhart, Metallurgical and Materials Transactions 

A (2011), p. 1-11. 



416 

 
Figure 1. SEM images of SiC particles covering the solid-gas interface of films pulled at a) ambient atmosphere 

and b) at an oxygen reduced atmosphere (200 ppm O2). c) Loosely connected SiC particles at the surface of an 

external argon injected foam (indicated by dashed circles). 

 
Figure 2. a) Cross section of a partial embedded SiC particle in AlSi9Mg0.6 pulled at 200 ppm O2 and cut using 

FIB. Position of oxides, as revealed by EFTEM are indicated by red spots, of the same material pulled at b) 1000 

ppm O2  showing the formation of an interrupted layer and c) at ambient atmosphere with a clear continuous oxide 

layer. 

 

 

 

 

 

 

 

 

 

 

Figure 3. TEM image of nano-sized MgAl2O4 particles embedded at the oxidised surface. 

 
 
 
 
 
 
 
 
 
 


