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Abstract. For this study, 125 to 630 µm solid spherical particles of NiCrSiB powders were
used. To shape the macro porous structure, space holders were used (spherical particles of
polystyrene). Metal foam structure arise after sintering the powder in vacuum (1.3·10-3 Pa)
at a temperature of 1000 °C, for 30 minutes. Thus, porous metal foam is obtained of which
the structure is composed of the interparticle open pores and the pores formed by the space
holders. The structure of metal foams has been investigated by optical and electronic
microscopy. Densities from 3.71 to 1.78 [g/cm3] were obtained. There is a linear
dependence of thermal conductivity as function of temperature. The heat transmission is
mainly by conduction at the interparticle necks. The sound attenuation is a function of
frequency. Maximum sound absorption coefficient for samples obtained is 0.38 at the
frequency of 1000 Hz.
Keywords: Metallic foams, solid particles, space holders.

1. Introduction
Metal foams are a group of sintered cells with solid edges and faces thus defining a
cellular structure [1] which combines the basic material properties with those of the
cellular materials [2]. Open-pore foams have a irregular structure with high specific
surface. This led to their use in many applications such as catalytic supports, heat
exchangers, high temperature resistant filters, battery electrodes and
electromagnetic absorbers. Such a feature of foams in general and aluminum foams
in particular, consists of a combination of properties not seen in other materials:
high compressive strength, low density and ability to support a permanent plastic
deformation in a constant effort. Two main types have been suggested for use: as
impact absorbers and as light structural materials [2]. The main quality of cellular
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metallic materials is their versatility. As interesting combinations of physical and
mechanical properties - good energy absorbers, low specific weight, good thermal
or sound insulators - they reach high functional performance necessary in the
automotive industry, aerospace [3, 4], naval, civil and industrial construction [1, 5, 6].
Current researches open new horizons and approached a wide variety of topics
such as: amorphous metal foams materials (e.g. iron alloys) [7, 8], composite metal
foams with hollow steel spheres [9], tin-lead metal foams [10], and the
development of their physical and mechanical properties [11-14]. Attempts have
been made in structural modeling [15-17] of metal foams to predict their
properties.
The paper aims to study the links between technological factors and properties of
the foams obtained by the space holder method
2. Materials and methods used
For this study we used spherical NiCrSiB superalloy powder particles. The nickel
based alloy powder, the material used in experimental tests to obtain metallic
foams, with 125-630 µm particle size was obtained by argon gas atomization. The
chemical composition of the powder is shown in Table 1.
Element
[%]wt.

Table 1. The chemical composition of NiCrSiB powder
Ni
Fe
Cr
Si
70,19
12,34
7,08
6,73

B
3,66

The sorted powder was freely poured into ceramic molds with inner diameter of 17
mm and height of 28 mm. The molds were placed on a ceramic support and
introduced into the sintering furnace.

Fig.1 Schematic illustration of fabrication route of the NiCrSiB foam using the space holder method.

In the case of powder sintering using space holders, the polystyrene is mixed with
an organic binder and the metallic powder. The role of the organic binder is to
maintain the metal structure after removing the space holders.
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For the large pores, polystyrene particles with the size of 2 to 2.5 mm were used.
The melting temperature of polystyrene is 240 °C, density of 1.01 to 1.04 g/cm3
and its thermal decomposition occurs at a temperature of 390 °C.
NiCrSiB and polystyrene particles were mixed, homogenized for 10 minutes and
bonded with a binder before sintering: polyvinyl alcohol, a synthetic hydrophilic
polymer, soluble in water, with melting point at 180-190 °C and decomposition
temperature at 200 °C. the resulted mix was poured into cylindrical molds of
alumina and sintered in vacuum (1.3 · 10-3 Pa) at a temperature of 1000 °C for 30
minutes, the optimal parameters determined by a prior sintering study [18].
To eliminate the polyvinyl alcohol and polystyrene, two holding steps of 10
minutes were required at 200 °C and 400 °C, the used sintering cycle is shown in
Figure 2.

Fig.2 Sintering diagram of the NiCrSiB foam.

3. Experimental results
In the images presented in Figure 3, the structures of the obtained samples can be
seen. In Figure 3.a, one can see an overview of the sample with macro pores of 2 –
2.5 mm into the body of the sintered structure.

a.
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b.

c.
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Fig. 3. Images of the bi-porous metal foam structures.

Figure 3.a represents a detailed optical image, in section, where the sintered
structure of the particles and a macro pore formed by removing the space holder
can be seen. In Figure 3.b, also an optical image, a top view of a macro pore
obtained by removing the pore forming agent is presented. One can see the micro
pores between the sintered particles and the internal pores from the hollow
particles. In Figure 3.c, a SEM image is presented, representing sintered particles
from the bi-porous structure of the metal foam and the sintering necks formed
between them. In the top right part of a macro pore is viewable.
Density and porosity of the obtained samples are given in Table 4.9 for samples
obtained with solid spherical particles.
Porosity P (porous phase) consists of: P = P1 + P2, where: P1 - porosity given by
micropores (between the sintered powder particles);
P2 - porosity given by
macropores (macropores formed by polystyrene particles);
The macropores have relatively the same size in all samples and micro pores
depend on the particle size.
Table 2. Porosity and density of the samples

Particle size range,
[µm]
125-200
200-315
315-400
400-500
500-630

Porosity,
P [%]
52
59
65
73
77

Sintered density,
3
ρsp [g/cm ]
3,71
3,13
2,72
2,11
1,78

Relative density,
ρsp/ρm
0,48
0,41
0,35
0,27
0,23

From Table 2 it can be seen the difference in porosity and density of the samples
obtained from powders using space holders. Thermal conductivity dependence on
temperature and relative density for the samples from powders with solid particles
obtained using space holders is shown in Figure 4.
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Fig. 4. Influence of testing temperature on thermal conductivity at different relative densities.

The mode of heat transmission through porous structures is mainly by thermal
conduction through interparticule necks. By using space holders and lower the
relative density of samples a decrease in thermal conductivity occurs. With
increasing operating temperature, thermal conductivity increases, but this increase
is less evident with decreasing relative density (Figure 4).
Porous phase growth by increasing the powder particle size makes the thermal
conductivity decrease. As expected, the thermal conductivity is much lower in the
porous phase than the solid phase. Thus, the thermal conductivity decreases with
decreasing relative density and increasing porosity.
Loss of sound energy, respectively sound absorption in porous materials is caused
mainly by the air friction and its oscillation in the pores of the material. For
effective sound absorption the material should have a porous structure, the pores
must be open to the exterior and communicate with each other. Sound absorption in
porous sample (attenuation) is given by equation 1.



Ia
Ii

(1)

where:  is sound absorption coefficient, Ia – the intensity of the absorbed acoustic
waves, and Ii – the intensity of the incident acoustic waves.

Fig. 5 Sound absorption coefficient variation of samples function of noise frequency at different
relative densities.

By lowering the relative density through the use of space holders is found an
improvement in sound absorption for the frequency of 1000 Hz, and a decrease in
absorption at frequencies of 2000 and 3000 Hz (Figure 5 a) compared with samples
obtained without space holders. Maximum sound absorption coefficient for the
samples obtained from powders with solid particles and space holders is 0.38, at
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the frequency of 1000 Hz. Decreasing relative density increases the absorption of
sound at certain frequencies. Sound attenuation is function of frequency and
relative density, respectively the grain size fraction of the powder used. With
decreasing relative density sound absorption coefficient increases.
4. Conclusions
Good quality nickel superalloy foams were obtained using the space holder
method. The polystyrene particles were successfully removed at 400 °C during the
sintering cycle. The porosity slightly increase
Thermal conductivity decreases with decreasing the relative density. Heat transfer
being reduced with increasing temperature a difference in conductivity occurs
between the temperature of 50 °C and 400 °C. This difference is smaller as the
porosity increases. The thermal conductivity lies in the 0.6-3 W/mK range.
With decreasing relative density sound absorption coefficient increases. Maximum
sound absorption coefficient for the samples is 0.38, at the frequency of 1000 Hz.
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