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1. Introduction

Stainless steel foams are a suitable alternative for non-
foamed stainless steel in products such as sandwich panels,
high temperature oil/gas filters, heat exchangers and high
temperature  catalysts. These materials can be
manufactured by various methods such as impregnation,
slurry foaming, laser melting, hot isostatic pressing, and
the use of a space holder. Many researchers have produced
foams of stainless steel and other metals using urea grains
as space holder and pre-curing immersion methods.
Mirzaei and Paydar fabricated stainless steel foam 316L
with 71.5% porosity using urea granules.

2. Experiments

Austenitic stainless steel 316L powder was purchased
from Tijo Chinese company with a purity of 99.9% as raw
material. The urea granules were prepared from Bojnoord
Petrochemical Company. The diameter of urea granules is
between 1.4 and 2.6 mm with an average of 2 + 0.2 mm.
Spherical urea granules were chosen as space holder,
because they are easily leached at low temperatures
without reaction with stainless steel powder. A water-
based polyvinyl alcohol solution was used as an organic
binder to ensure that the metal powder particles adhere to
the urea granules and also to provide sufficient strength.
The powder metallurgy method based on the use of
leachable space holder was applied to fabricate the cells
and 316L stainless steel foam. The leaching process in a
hot water bath and drying in a hot oven were sequentially
used to remove the space holder. The advantage of using a
hot water bath to remove the space holder is that the
produced foam experiences less thermal stress. In
manufacturing process, the stainless steel powder coated
on the urea granules (30, 32.5, 35, 37.5, and 40 wt.%).
Then, the coated urea granules were placed in a cylindrical
steel mold and the compaction process was done by a

hydraulic press under five different pressures: 150, 175,
200, 225 and 250 MPa. Then, the green specimens were
removed from the mold and transferred to a hot distilled
water bath to dissolve the urea granules. At this stage,
about 90% of urea granules and polyvinyl alcohol glue are
removed. Finally, after performing the sintering process,
the manufactured foams are ready to determine the density
and porosity percentage and evaluate the microstructure.
In addition to experimental tests, the finite element method
was employed to simulate the compressive behavior of
steel foams.

3. Results and Discussion

The stress-strain curves obtained from the compression
test for the fabricated foams are shown in Fig. 1. As can be
seen, both factors of amounts of urea granules and applied
pressure affect the stress-strain curves. Mechanical
properties including: modulus of elasticity, plateau region,
strain-softening and strain-hardening have been calculated
from stress-strain curves. Increase in the pressure during
the compaction stage generally leads to increase in the
yield strength (Fig. 1-a). This can be due to the fact that
with increasing the pressure, the steel powder particles
become closer together, enhancing cold bonding between
them. It can be seen that the stainless steel foam with urea
content of 32.5 wt.% and the applied pressure of 175 MPa
has the highest strain-softening and strain-hardening
compared to other specimens. The dependence of the
strain-softening and strain-hardening to the applied
pressure is not significant, however generally, in the
porosity range studied here, with the decrease in the
amounts of urea granules, the strain-softening and the
strain-hardening decreases. The lowest strain-hardening
and the lowest strain-softening correspond to the specimen
with 40 wt.% of urea. The highest elasticity coefficient is
about 681 MPa for the specimen with 30 wt.% of urea and
applied pressure of 250 MPa. The elasticity coefficient has
inverse relationships with the increase of decreasing the
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porosity and increasing the applied pressure. With the
reduction of the porosity, the length of plateau in stress-
strain curve decreases, and the length of this region does
not depend on the applied pressure. The SEM micrographs
of surface fracture of the specimen containing 30 wt.%
urea and applied pressure of 250 MPa show that urea
granules have been completely removed and full spherical
cells have been formed (Fig. 2). It is clear that the
dispersion of urea granules has been well done and the
cells have been connected to each other. In addition, micro
porosities in micron dimensions are observed at the
boundary of sintered steel powder particles, and this is a
great factor for energy absorption. Simulation of
mechanical behavior is a relatively new method to evaluate
steel foams. Fig. 3-a shows the deformation and stress
distribution  resulting from the compressive test
simulation, when the specimen breaks. By comparing the
experimental and simulated results, it can be said that the
destruction mechanism of both experimental and
simulated specimens occurs almost similar to each other.
The stress-strain curve extracted from the software shows
that there is an acceptable agreement between the
experimental results and the simulation results (Fig. 3-b).
The main difference is related to the sharp drop of stress
after the yield point in the simulation curve compared to
the experimental curve, which can be attributed to a rapid
crack growth in the simulated model.

=
@
[=]

,_‘
g
\

-
.
[=]

=
o
o

o2}
[=]

=150 MPa
= =175MPa
200 MPa

Stress (MPa)

@
o

=
o

~~~~~~ 225 MPa

20 = 250 MPa

0 01 02 03 04 05 06 07 08 09 1
Strain

140

120

100

80

60

Stress (MPa)

40

20

0

0 01 02 03 04 05 06 07 08 09 1
Strain

Fig. 1. Compressive stress-strain curves. a) 30 wt.% of urea
and b) 250 MPa applied pressure.

4. Conclusion

1. The optimal applied pressure and amounts of urea
granules for the manufacturing of 316L stainless steel
foam are 250 MPa and 30 wt.%, respectively. For this
case, the yield strength and ultimate strength were
measured to be 152 and 158 MPa, respectively.

2. The suitable temperature and time for sintering the 316L
stainless steel foam is 1200°C for 1 h.

3. The amounts of urea granules and applied pressure are
effective factors in the mechanical behavior of 316L
stainless steel foam, and generally, the strength is
improved by reducing the porosity (reducing the
amounts of urea) and increase of applied pressure.

4. The compression test of steel foams was successfully
simulated. The stress-strain curve was extracted with
the finite element method by explicitly modeling the
holes.

Fig. 2. SEM of foam surfaces with 30 wt.% of urea and
applied pressure of 250 MPa.
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Fig. 3. The simulation results of the pressure test: a) the
failure of the model and b) the resulting stress-strain curve.
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Investigation of the Mechanical Properties of Stainless Steel Foams Manufactured through Leachable
Spherical Urea Granules as a Space Holder

Masoud Sahraei Ali Mohammad Naserian-Nik Hamid Sazegaran

Abstract Foam materials are a family of new and advanced materials that due to their unique characteristics, will have
a lot of potential for development in the coming years. The current research deals with the production of metal foams
made of 316L stainless steel, which has a relatively wide application in the medical industry (especially in the production
of implants). For this purpose, the methods of powder metallurgy and dissolving spherical urea particles in water has
been used as a spacer have been employed. Porosity measurement, cell wall evaluation by scanning electron microscope
and pressure test on steel specimens have been investigated. The effect of porosity and applied pressure during the
production of the foams on their mechanical behavior have been studied. In addition to conducting experimental tests,
the compressive test was simulated using an explicit finite element model for a steel foam with 30 percent of porosity. The
results indicate that the failure mechanism of both experimental and simulated specimens occur approximately similar.

Keywords Stainless steel foam, Spherical urea particles, Pressure, Space holder.
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