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THE PREPARATION OF HIGHLY POROUS STRUCTURES FROM 
ASTALOY IRON POWDER 

S. F. Moustafa, S. H. Kaytbay 

Abstract 
Slip casting method was used to produce foam material from pure iron 
powder. Density measurement, optical metallographic - to study the pore 
structure of the foam was carried out at different zoom photos,  
compressive test, electrical resistivety, thermal conductivity were carried 
out on iron foams having a different solvent amount added as well as 
different densities. Five classes of densities were chosen to receive 
coherence between density and compression strength. Increasing the 
foams density led to an increase in the compressive strength. In addition, 
to study the effect of sintering temperature on the microstructure, 
sintering at neither 1150°C nor at 1250°C led to totally satisfying results.  
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INTRODUCTION 
Foams and other highly porous materials are known to have many interesting 

combinations of physical and mechanical properties, such as high stiffness in conjunction 
with very low specific weight or high gas permeability combined with high thermal 
conductivity for these combinations, there is a wide range of possible applications, e.g. as 
heat exchangers or as catalysts for open-cell materials and e.g. as a crash absorber for 
closed-cell foams [1-3]. 

There are many ways used to produce metal foam, from these methods slip casting 
as a way to produce metal foam by powder technology. The slip casting method provides 
several advantages as it allows working at room temperature and thus lowers the 
instrumental outlay and foams of a great variety of base metal are possible [4]. 

The base of the technique is metal suspension. For this metal-suspension, fine 
metallic powders are mixed with dispersant water and concentrated phosphoric acid. 
Together with the metallic particles, the phosphoric acid forms a binder on the base of the 
phosphate. After drying, the samples are sintered under defined conditions and thus an 
open-cell porous structure is attained [4].  

The aim of this work is to study foams made and characterized of pure iron 
powder. The influences of the water amount add will be studied, the behavior and 
mechanical properties of iron foam. In correlation with metallographic examinations, the 
mechanical properties of metallic foam are tested by means of static compression tests. 

EXPERIMENTAL 
Open-cell steel foam material was synthesized by the P/M route – slip reaction 

foam sintering (SRFS) - and used for experimental testing. AstaloyAE, which has been 
manufactured by HÖGANÄS Company, was utilized in this work. The chemical 
composition of the powder is given in Table 1. 
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Tab.1. Properties and chemical data of Astaloy according to [5] 

Properties of Astaloy Chemical analysis [%] 
Apparent density 2.95 g/cm3 C <0.01 
Flow 24 sec/50g H2-loss 0.08 
Particle size 45-150 μm 
Compressibility at 
600 MPa 

7.17 g/cm3, 0.8% Zn-st 
7.19 g/cm3, 0.6 Kenolube p11 

Green strength at 
600 MPa 

14 MPa, 0.8% Zn-st 
21 MPa, 0.6 Kenolube p11 

 

 
The metallic powder (100 g) was mixed with 2 ml dispersant (water glass), a 

laminate silicate that stabilizes the slip, 17-21 ml water as solvent and 7 ml of concentrated 
phosphoric acid. The amount of water varied 17 ml and 21 ml/100g metal powder, to gain 
information as to its influence on porosity and density.  

Figure 1 shows schematically the basic processing steps of the SRFS process [6]. 
In the SRF process, the reaction between the iron particles and the acid generates gaseous 
hydrogen which forms the pores in the slip.  

Fe + 2H3PO4 → Fe(H2PO4) + H2      (1) 
 

 
Fig.1. Schematic of Slip Reaction Foam process to produce iron foam. 

As of yet, these pores are closed ones. Additionally to this reaction, a metal 
phosphate forms, known as a strong binder from the refractory industry [4,5], which is 
acting as a binding agent and solidifies the slip. 

Fe (H2PO4)2 +Fe + O2 → 2Fe2O3 +2H2O      (2) 
Fe (H2PO4)2 + Fe + 1/2 O2 → Fe2P2O7 + 2H2O     (3) 
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Equations (2) and (3) implicate the use of oxide- free iron powder; the oxygen is 
taken from the air. If water-sprayed powders with a layer of ferric oxide on the surface are 
involved, the reactions are as follows: 

Fe O + 3H3PO4 → Fe (H2PO4) + H2O      (4) 
Fe3O4 + 8H2PO4 → 2Fe (H2PO4) + Fe (H2PO4)2 + 4 H2O    (5) 
This binder freezes the porous structure of slip. The structure hardness and green 

sample are obtained which is stiff enough to be handled. This green body gets its strength 
only by the retentive force of the metalphosphate [7].  

The green samples are then sintered in a vacuum furnace with saturation carbon 
atmosphere at temperatures between1150°C and 1250°C for one hour. 

To determine the density of the foams, the samples were weighed; using an 
electronic balance, and their volumes were measured. The measured densities of foams 
were found to be between 1.25 to 1.95. 

To characterize the pore structure of the foams an optical analysis was carried out 
on different zoom photos of the foams scanned and edited with visual analysis (used were 
optical microscope and computer scanner). 

To gain information on the mechanical properties of the foams, static compression 
tests were carried out at room temperature on specimens having a cross sectional area of 
13x13 mm2 and with different densities and constant rate of displacement 1 mm/min. The 
compressive Universal testing machine is a UH-1000 kN. The sample was placed between 
a fixed piston and a vertically movable piston. 

The electrical resistivities of the materials were measured using the four-probe 
method by using Omega multimeter device. The resitivity (ρ) was calculated according to 
the following equation: 

 
  R = ( ρ L ) / A      (6) 

where R is the resistance in ohm, L is the measured length in cm, A is the cross section area 
in cm2, and ρ is the resistivity in µΩcm.  

Because these foam can be used as a sensor for temperature, there should be a 
thermal resistivity measurement. It has been reported that there is a relation between the 
thermal conductivity and the electrical resistivity of a metal [7]. In quantum mechanical 
consideration, the thermal conduction of the metal occurs by the electron fermi energy 
level. Thus the thermal conductivity can be expressed by the number of electrons and the 
effective mass of the electrons, which has the fermi energy level. On the other hand, 
electrical conductivity can be also expressed by the electrons. Wiedemann and Franz 
derived a relation equation between the thermal and electrical conductivities. Thus, if 
electrical resistivity can be measured, the thermal conductivity can be calculated. The 
Wiedemann-Franz equation is as follows: 
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where, λ is thermal conductivity (W/mK), σ is electric resistivity μ Ωcm conductivity, T is 
absolute temperature, KB is the Boltzmann constant, and L is the Lorentz number. B

RESULTS AND DISCUSSION 
During sintering, the solvent evaporates, turning the closed primary pores into 

open ones, and ferric oxide, which formed by the reaction between iron-powder and 
solvent, is reduced. The interconnections between the primary pores caused by the 
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evaporation of water are called secondary pores. As well, during sintering, the ferric 
phosphate condenses, thus setting free water and forming a glass phase. Formula (6) gives 
the scheme of this reaction: 

 
P-OH + HO-P- > P-O-P + H2O       (8) 
By sintering, the sample's strength was increased by metallic bondings. The 

shrinkage of the sample ranges between 20 and 40% according to the sintering temperature 
[8]. 

The amount of water was varied between 17 ml and 21 ml/100g metal powder, to 
gain information on its influence on pore distribution and porosity. It was found that an 
addition of less than 17 ml per 100 g of metal powder led to slips too dry to be handled 
properly and more than 21 ml of solvent formed a slip of little viscosity so that the H2 –
bubbles could escape easily and would not remain in the mixture. Figure 2 give the effect of 
solvent, up to an added amount of solvent of 19 ml the foams' densities decline and then, 
from 20 ml on, remain equal or even rise again. 

 

 
Fig.2. The effect of solvent added on the foam densities. 

Also with the arising content of solvent in the mixture, the pores size grow and the 
pore distribution turns from homogenous to inhomogeneous, Fig 3. 

 

   
Before sintering 1-17 ml 2-18 ml 

   
3-19 ml 4-20 ml 5-21 ml 

Fig.3. Influence of the added amount of solvent on pore size (after sintering). 

From the figure, we can show at lower viscosity this allows the generated bubbles 
of H2 to expand more easily to a wider diameter, but at much lower viscosity leads to a 
collapse of bubbles, and densities rise.  
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In metallographic study it showed that neither the sintering at 1150°C nor that at 
1250°C lead to totally satisfying results. Figure 4a, the samples sintering at 1150°C are not 
sintered completely and have shrinkage to 40%, the sinter links are insufficient and there 
are still particles of ferric oxide to be found. In between the pure iron particles and the 
ferric oxide there are phases of a ferrous phosphate base of iron powder. These two phases 
weaken the foam's strength as they prevent the forming of metallic bonding. In Figure 4b, 
the temperature 1250°C proved to be too high, as the sample shrunk to 60% of the original 
volume. The sinter links are well formed and there are no remainders of ferric oxide.  

 
a) 

 
b) 

 
Fig.4. Fe-foam sintered a) at 1150°C, b) at 1150°C. 

In both figures, the macro-pores are clearly generated by the H2-bubbles, and the 
micro-pores were developed by evaporation of the solvent.  

The study described in the following paragraphs was carried out upon foams 
which were sintered at 1250°C. 

Figure 5 shows the Compressive strength (KN - Density g/cm3) diagrams of the 
Astaloy foams having different densities range. In Figure 5, rising densities lead to rising 
strengths. As the foams are made of a lesser ductile material, failure occurs by the breaking 
off of whole regions rather than by bending or plastic deformation. After compression the 
samples are very fragile and tend to decompose as the metallic bonding has been destroyed, 
Fig.6 shows the sample before and after compressive test.  
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Fig.5. Compressive strength (KN)- Density g/cm3) of the foams with deferent densities. 

 
 

Fig.6. Sample before (left) and after compression (right) at room temperature. 

The thermal conductivity of cellular materials are very important, particularly if 
these materials are used for heat exchange. Thermal conductivity is directly affected by 
porosity, the greater the void content, the lower the thermal conductivity. 

The results of the measurements are presented in Table 2. Additionally, electrical 
resistivity and the density of the sample are presented. The results show that in the case of 
the investigated metal foam, this factor is of significant influence. 

Tab.2. The effect of Electrical resistivity and thermal conductivity by density. 

Thermal conductivity Electrical resistivity Density 
5.13 1.42.10-6 1.95 
3.9 1.78.10-6 1.5 

2.67 2.72.10-6 1.05 
3.08 2.63.10-6 1.2 
3.28 2.21.10-6 1.25 

CONCLUSIONS 
From the results presented in this paper, the slip casting process appears to be a 

very important method to produce open cell metallic foams. This process allows 
manufacturing foams with only a little operating expense, which covers a wide spectrum of 
pore sizes at relatively low densities. The mechanical properties of Astaloy foams are 
dependent on the foam's density. The compression strength increases with increasing the 
foam's density. Slip casting process can be produced at low costs, a wide spectrum of 
metals can be used as filters for gaseous or liquid mediums, as heat exchanges or as 
catalysts. 
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