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ABSTRACT

Metal foams can be classified as lightweight materials which are low densities, having a unique combination of
physical and mechanical properties, energy absorption and good thermal conductivity. 316L Stainless Steel has widely
used by researchers as material to fabricate metal foams due to its high-strenght-to weight ratio, biocompatibility and
corrosion resistance and successfully used in implant applications. The major challenges that need to focused while
producing metal foam is the mismatch of the properties between bones and the metallic material. Due to this mechanical
mismatch, bone is insufficiently loaded and become stress shielded, which eventually leads to bone resorption. Thus, there
are factors need to be considered includes the interconnecting pores that suitable with bone, the pores, shape and density of
the implants same with the pores, shape and density of the bone. This research is to fabricate the 316L Stainless Steel
(SS316L) foam prepared by Compaction technique and to study and characterize the properties of SS316L foam after
sintering process. The SS316L have used as a raw material and Polyethylene glycol (PEG) and Carbamide are used as a
binder and space holder respectively. The material was mixed by using ball milling machine to get the homogenous
mixture. After that the compaction process was held by using conventional axial pressing. This process is known as
powder metallurgy technique. The Properties Characterization was measured by doing density and porosity test, Thermal

Gravimetric Analysis (TGA), and Scanning Electron Microscopy (SEM).
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INTRODUCTION

At present, high requirement of lightweight
constituent make metal foams extremely attractive as an
industrial technology for biomedical application which is
demanding on weight reduction [1]. The physicality of
metal foam is high porosity make metal foams very
lightweight. Basically, metal foams are artificial porous
medium that has solid matrix structure of metal consist of
empty or fluid-filled voids. Metal foams have been
characterized into two types which are open-cell and
closed-cell. The foams is called open-cell when the voids
are connected via open pores, but when the foams are
separated by the solid walls and not connected via open
channel are described as closed-cell [2].

In order to achieve the metal foams which
suitable in orthopedic application and have good
properties such as low density, high strength-to-weight
ratio, excellent mechanical properties, biocompatibility
and corrosion resistance, the suitable materials have to
choose carefully. Metals are the most suitable material to
fabricate the metals foam proportionate to the ceramic and
polymer. Even though the ceramic material have excellent
corrosion resistance but ceramic cannot being employed as
load bearing implants due to their brittle properties,
whereas polymeric systems cannot sustain the mechanical
forces present in joint replacement surgery [4]

There are various types of metal that have been
used as main materials to fabricated metal foams includes
titanium, titanium alloys, nickel, aluminum, magnesium,
and stainless steel [3]. Since early 1960s, Stainless steel
widely used in orthopedic application such as fabrication
of femoral stems, balls and acetabular cups, fabrication of

knee and femoral components and tibial trays because of
its biocompatibility and inexpensive [5].

Over the years in line with the development of
technology, there are variety of fabrication process have
been developed due to produce metal foams. In order to
produce porous metallic foam, there are some techniques
which suitable to apply such as slurry foaming, extrusion
of polymer or metal mixtures, and space holder method
[6].

There are large varieties of fabrication techniques
for metal foams or similar porous structures but usually
favorable technique is liquid phase or powder metallurgy
process. Previous researcher stated that metal foams was
successfully fabricated via Powder Metallurgy technique.
By using compaction method, metal powders are mixed
with foaming agent and then compacted by using hot
pressing, cold pressing, hot extrusion, or co-extrusion. The
final product of the compaction process is a dense
foamable material that can be worked into sheets and
profiles [8].

This research is to fabricate the 316L Stainless
Steel (SS316L) foam prepared by Compaction technique
and to study and characterize the properties of SS316L
foam after two-stage sintering process. As a result, the
formation of pore structure and the physical properties of
the metal foams were studied.

EXPERIMENTAL PROCEDURES

In this research, the raw material that involved in
order to produced metallic foams are type 316L Stainless
Steel as the metallic material, Carbamide as the space
holder material and Polyethylene Glycol (PEG) as the
binder. The SS316L particles is spherical shapes while
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both PEG and Carbamide are water soluble materials. The
particle size of the Carbamide is less than 200 pm. The
SS316L powders, PEG and carbamide were mixed
homogenously by using ball milling machine at 60rpm for
about 10minutes. The samples were produced by pressed
the mixture at 3 tonnes by using hydraulic press machine.
Then, the last stage involved was heat treatment was
applied to the samples in box furnace in two stages. For
the first stage represents for decompose of the carbamide
particles at temperature of 280 °C for 30 minutes, and the
second stage at 870 °C for 1 hour to sinter the SS316L
metal. The temperature of 870 °C was defined as the
maximum temperature of services temperatures in air for
the SS316L stainless steel [7].

Thermogravimetric analysis (TGA) TGA was
performed in order to know the high temperature for space
holder material Carbamide and can be applied the
temperature during sintering process. In this research, the
density and porosity is measured by using the Archimedes
Principles for the samples after sintering process. The
microstructure of the metal foam was observed by
performed the  Scanning  Electron  Microscopy
examination. In this study, the microscope examination of
the metal foam was done after sintering process to
determine the formation of pores from the cross section of
the samples, characterize the pore structure for the
samples, the densification of the samples and the
development of neck growth of the samples structure.

RESULT AND DISCUSSIONS

These sections discuss about the result of the
SS316L foams after finish the sintering process and after
all the testing have been conducted. The TGA was done to
obtain the suitable value of temperature for Carbamide in
order to ensure that Carbamide will fully decompose
during sintering process from the TGA result, the
temperature value for eliminate the Carbamide particles at
first stage of sintering process can be decided as 280 °C
which mean nearly the temperature of second phase. There
was previous study of TGA analysis which gets the result
of 350.75°C different value from this study, it because of
the different of the Carbamide type [9]. The temperature
for the second stage of sintering process is 870 °C. The
temperature value of 870 °C represent as the maximum
oxidation services temperature in air for the stainless steel
type 316L which can be categorized as heat resisting
steels. The consideration of the value of the temperature to
sinter the SS316L foams is important due to the use of box
furnace for the sintering purpose which influences the
samples condition after finished sintered.

Density and Porosity test has been carried out to
determine the bulk density and the percentage of porosity
after the sample finish sintered. This is because of the
contamination occurred to the sample during the density
test. From the result obtained, it shows that the value of
the bulk density will directly proportional with the
increasing of the weight percentages (wt. %) of SS316L
composition added up to the samples. The increasing value
of the density happen due to the densification process is
occurring at this stage [10]. It also can be supported by

the previous researcher which stated that the density is
proportional to the amount of the 316L particles in the
powder formulation [1]. The porosity test of the samples
show the difference result compare to the density result.
When the amount of the 316L powders was increased in
the powder formulation, the value of the porosity was
decreased. This is caused by the neck grows at the particle
contact that causes the elimination of pores and increase in
density during sintering process [10]. This result can be
supported by previous researcher that obtains the
decreasing of the porosity value with the increasing of the
amount of SS316L particles.
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Figure-1. Result of density and porosity test of SS316L
foam fabricated by powder metallurgy techniques.

Scanning Electron Microscopy (SEM) analysis
was done to study the microstructure and the morphology
of the SS316L foams. In addition, the analysis also
discusses the structure and pore distribution and the
inclusion of the particles of the SS316L foams. Figure-2
shows the comparative set of morphology for the SS316L
foams after sintering process. From the Figure-2(a) which
represent the morphology of the pure SS316L foam, even
though the temperature for the sintering process is 870 °C,
it can be seen that the grains is started to growth and
consolidate between particles and densification occurred.
Figure-2(b) show the morphology for SS316L foam with
synthesized of 5wt. % of Carbamide, which the pore
started to form. The pore distribution can be classify as
heterogenous and consist with the irregular pores but from
the morphology, the densification of SS316L foam can be
seen clearly. Mariotto el. al in her study to fabricate
SS316L also obtain the same pore distribution which the
pore distribution is very heterogenous [11].
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Figure-2. SEM micrographs of 316L stainless steel foams:
a) pure SS316L b) 5 wt. % Carbamide c) 10 wt. %
Carbamide d) 15 wt. % Carbamide e) 20 wt. %
Carbamide; and f) 25 wt. % Carbamide.

Figure-2(c) and Figure-2(d) represent the
morphology of the SS316L foam with added up 10wt. %
and 15wt. % of Carbamide respectively into the solution.
From the morphology, inhomogenously pore structure was
obtained due to the different shape and size of the pore
while the pore distribution show that the pore is clustered

7585



VOL. 11, NO. 12, JUNE 2016

ISSN 1819-6608

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences @

www.arpnjournals.com

which can be explained that the pore was gather between
each other and isolated from the other pore. The inclusion
of the SS316L particles clearly visible which the particles
consolidate between each other. The morphology of the
SS316L foam with the addition of 20 wt.% Carbamide can
be seen in the Figure-2(e) which contains the pore which
can be categorize as the micro pores. Other than that, it has
been observed that, the samples contain fibrous structure
which these structures indicate the oxidation present to the
samples.

Figure-3 shows clearly the structure of the fibrous
structure with the magnification of 1500X for the SS316L
foam with 20 wt. % Carbamide. The pore distribution for
the SS316L foams with 20 wt. % Carbamide is not
uniform. It can be seen that the formation of pore is
dispersed each other. Other than that, Figure-2(f) show the
samples with the composition of 20 wt. % of Carbamide
particles shows the less pore distribution with the large
pore size. The structure of this sample can be classified as
having side or cubic near to tetragonal structure. Figure-4
shows clearly the structure of the cubic near to tetragonal
structure with the magnification of 1500X for the SS316L
foam with 25 wt. % Carbamide. It can be conclude that the
formation of this structure may be cause by the chemical
reaction due to oxidation. Chemically, if the oxidation
number of metal is high, the metal can accept more
electrons which are Metal cat ions [11].

CONCLUSIONS

The SS316L metal foams had been successfully
fabricated via powder metallurgy technique yet there are
some improvements have to be done due to increase the
strength of SS316L metal foam in order to proceed to
mechanical testing. From the result obtained, the metal
foams with the 75 wt% of SS316L produce more pores
compared to the other composition with the lower value of
density and higher value of percentage of porosity make it
suitable for the implant application. Overall, the result
show that the metal foams had micro pore which can be
categorized as closed pore and there are particles that well
growth and combine with each other and develops sinter
neck growth.

There are some recommendations and suggestion
that might be help further to improve the research. Reduce
the amount of 316L Stainless Steel powders to the
composition of the mixture and add the amount of
Carbamide in order to produce more pores. Other than
that, the sizes of particles of Carbamide which are needed
to reduce by the crushing process have to control in order
to avoid the particles of the Carbamide powders become
too small. This is because, if the particles sizes of
Carbamide powders are too small, the larger pores of the
foams can’t be achieved. In addition, during compaction
process, the pressure applied has to be increase to produce
the green body which has high strength and strong enough
to carried to the sintering stage. The sintering process also
has to be done by using vacuum furnace to avoid
oxidation.
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Figure-3. The structure of the fibrous structure with the
magnification of 1500X for the SS316L foam with
20 wt. % carbamide.
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Figure-4. The structure of the cubic near to tetragonal
structure with the magnification of 1500X for the
SS316L Foam with 20 wt. % carbamide.
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