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Abstract: Aluminum foam has been manufactured successfully by sintering evaporation process. This process 
consisted of mixing Al and NaNO3 powders, pressing and final sintering to evaporate the filler material of NaNO3
powders. NaNO3 was eliminated completely during sintering, and strong metallurgical bonding in the cell walls was 
achieved. The morphology (pore size, shape, and direction) and the compressing deformation behavior of metal foams 
have been investigated. It was found that the maximum stress and the energy absorption of the cellular aluminum 
increased with the using of NaNO3.
Keywords: Aluminum foam; sintering evaporation process; filler materials; NaNO3 powders 
 

Introduction1

Metal foams have many interesting properties, such as 
low density, high stiffness in conjunction with very 
low specific weight and high gas permeability 
combined with high thermal conductivity [1, 2]. 
However, since these materials find more applications 
in the industry nowadays, they need to be studied 
extensively to characterize all these properties [3]. 
Many different methods have been used to 
manufacture metal foams, among which, the methods 
that use metal powders are the most widely used. 
These methods have a good control over the cell shape, 
cell size and porosity distribution. Some investigators 
have used the Sintering and Dissolution Process (SDP) 
to manufacture the metal based foams [4, 5]. The SDP 
is based on the usage of NaCl powder as the filler 
material. Although other filler materials, e.g. 
potassium carbonate [6], urea [7] and ammonium 
bicarbonate [8] can also be used. However, the 
principal disadvantage of SDP is that it is hard to 
eliminate NaCl completely from the prepared foam. In 
SDP, NaCl was removed using circulating water; the 
removing process may last several days, especially for 
large samples with small pores [9], during the long 
removing process, the large surfaces of the cellular 
metal were oxidized, and a great deal of water was 
being seriously wasted.  
Gong et al. [10] developed a sintering evaporation 
process (SEP) to solve this problem. NaCl powders 
evaporate during sintering process using vacuum 
sintering furnace. However, the principal disadvantage 
of SEP is that it is expensive and needs vacuum 
furnace.  
In this work, NaNO3 has been used for produce 
aluminum foam using SEP without vacuum furnace. 
NaNO3 powders evaporate during sintering because of 
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the vapor point of NaNO3 is fewer than sintering 
temperature of aluminum. Although the heat that has 
been generated from reaction of Al and generated 
Oxygen cause to superior sintering.   
The structural characteristics and the mechanical 
properties of cellular aluminum have also been 
investigated. 
 
Experimental Procedure 
The raw materials used in the SEP for fabrication of 
the Al foam are the Al (size<200µm, purity> 99%) and 
NaNO3 (size<300µm, purity> 99%) in powder form. 
The particle size of the NaNO3 powder needs to be 
selected according to the designed cell size of the final 
cellular products. In order to make sure the NaNO3
powders can be eliminated successfully and the pores’ 
structural parameter can be controlled well, the particle 
size of the metal powder must be smaller than the 
NaNO3 powder [10]. 
SEP consists of the mixing, compacting and 
evaporation stages shown schematically in Fig. 1. The 
metal and NaNO3 powders were first mixed together in 
a mixer with a volume fraction of Aluminum 20, 30, 
40, 50, 60%. One specimen has also produced by SDP 
(using NaCl as a filler material) with a volume fraction 
of Aluminum 60%, intended for comparing the metal 
foams properties. The blended powder was then 
compacted to net-shape performs under 200 MPa 
pressure and sintered at 640 °C for 3h in a heat 
resistance electric furnace at Argon atmosphere. The 
specimens were then cooled to room temperature and 
the specimen that has produced via SDP placed in a 
running-water bath for 5h to dissolve the salt.  
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Fig. 1. Schematic of the Sintering Evaporation Process (SEP) for fabrication of Al foams 
 

The samples were then subjected to metallographic 
examination and mechanical testing. The compressive 
stress–strain curves of the aluminum foams that were 
fabricated under different conditions were deliberated 
using a uniaxial compression test method accordingly 
to ASTM E-9 standard (with samples of 10 mm in 
diameter and 10 mm in height). The tests were carried 
out at room temperature using Zoltrix Testing Machine 
fitted with a 160 kN load cell operating in the 
displacement control mode. The cross-head speed was 
1 mm min-1. The cross-section of the specimen was 
studied using an optical microscope. The residual Salt 
was calculated by equation 1: 
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where W1 and W2 are the weight of initial and removal 
salt, respectively. 
 
Results and Discussions 
Microstructure of cellular Aluminum 
The typical cell structures of the cellular Aluminum 
produced by SEP and SDP (Al Vol. % = 60%) are 
shown in Fig. 2. Approximately, it can be seen that the 
distribution of pores is uniform and the morphology 
and dimensions of the pores can be easily controlled by 
selecting an appropriate NaNO3 powder.  
Comparing the pore morphology with that of the used 
NaCl powder, the joining of aluminum powders is 
improved in contact surfaces. It is by reason of heat 
generated from reaction between aluminum and 
oxygen produced from decomposition of NaNO3.
Decompose temperature of NaNO3 is about 380ºC and 
less than sintering temperature (640ºC) which is based 
on the occurrence of the following reaction: 
 

2NaNO3 = NaNO2 + 1/2 O2 (1) 
 

To be present of Aluminum powders in the system 
result to following reaction that is high exothermic 
[11]: 
 

2Al + 3NaNO3 = Al2O3 + 3NaNO2 (2) 
 

The heat generated from the reaction shown in 
equation 2, results to improved fusion of contact 
surface of aluminum powders. However, the 
specimens with less than 30% volume fraction of Al 
did not have the uniform shape. In these specimens, the 
precursor deformed considerably during sintering. It 
may be result of extra heat that generate during 
oxidation reaction and cause melting the initial 
powders. 

Fig. 2. Microstructure of cross-section of aluminum 
foam produced by SEP (a and b) and SDP (c) 
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Mechanical properties 
Fig. 3 illustrates the compressive stress-strain curves of 
the Al foams produced using Al weight fractions 60% 
via SEP and SDP. The curves are generally 
characterised by an initial elastic response, at low 
strain of about 0.15. The yield and the plateau stresses 
of the foams in SEP specimen is higher (about 2.5 
times) than SDP ones. Furthermore, the energy 
absorption has been increased about 3 times. It is for 
the reason that explained in previous paragraph. 
Moreover, the SDP problems like residual salts and 
oxidation during salt removal in hot water may also be 
another cause of this behavior. 
 

Fig. 3 Compressive Stress-Strain curve of Al foam 
produced via SEP and SDP 

 
Residual Salt 
The amount of residual salt has been shown in table1. 
Comparing between NaCl and NaNO3 in the specimen 
with 60 % Salt-Al, residual NaCl has been 5 time more 
than the other one. It is also observed that 
approximately there is no difference between all SEP 
specimens. In all of them the amount of residual salt is 
less than 5 percent.  It is due to less vapor point of 
Nitrate than sintering temperature and all of NaNO3

powders evaporate during sintering.  
 

Table 1- Amount of Residual Salt 
Salt - Al ratio 40% 50% 60% 

Residual Salt in NaNO3 4.1% 4.4% 4.2% 
Residual Salt in NaCl - - 20% 

Conclusion 
The possibility of fabricating aluminum foams via SEP 
by using NaNO3 as a filler material was assessed and 
the effect of replacing NaNO3 by NaCl on the 
mechanical properties and microstructure of the foams 
was investigated.  The findings so far in this 
investigation can be summarized as follows: 

1. The possibility of fabricating aluminum foams with 
NaNO3 through SEP was confirmed.  
2. The microstructure of cross section shows better 
joining in contact surfaces than SDP. 
3. The strength of the produced foam increase about 
2.5 times comparing with SDP.  
4. The energy absorption of the produced foam 
increase about 3 times comparing with SDP.  
5. The residual salt in SEP specimens are less (about 5 
time) than SDP. 
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