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Keywords: foams. Foams are either open or closed cells that mainly affect the material properties and end usage. Wide
Porous Nickel, applications of metallic foams in electrodes, heat exchangers, and filters and nickel foams in battery electrodes
Open Cell Foam, and catalysts for hydrogen production as clean energy sources are increasingly investigated nowadays. In this

Electroless, regard, the current study aimed to investigate open cell nickel foams synthesized through multi chemical

Electrodeposition, processes including degreasing, roughening, sensitization, and activation methods to nickel deposition over non-

Pyrolysis conductive polyurethane. To this end, a thicker layer was coated by hard nickel electrodeposition. Then,
polyurethane substrate was removed by pyrolysis in a tube furnace with pure argon gas flow. The characteristics
of the nickel coatings were studied using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM),
metallography, and measurement of specific surface area (BET). In the Nickel foam, the compression strength
of the electroless foam was calculated as 0.07 MPa and for the electrodeposited foam, this value increased up to
1.1 MPa. In addition, its hardness was measured as 145 Vickers Hardness (Hy).
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1. INTRODUCTION

Numerous studies have been carried out on the
fabrication methods of open cell metal foams in the last
decades. Such studies are mainly divided into four
production methods namely the casting, metallurgy
powder, metal vapor deposition, and ion deposition
(electrodeposition) [1]. In addition, some new categories
that are also expensive methods of mass production of
metal foams such as spark plasma sintering [2] and
sintering and dissolution process [3] can be added to the
list. Metal foams such as aluminum, nickel, copper, and
their alloys are used in different industries such as filters,
battery electrodes, heat exchangers, catalysts, etc. [4-6].
Compared to polymer and ceramic foams, metal foams
are characterized by several advantageous properties
namely the low density, high thermal conductivity, high
thermal shock resistance, and high mechanical strength
[6, 7]. The properties of such foams directly depend on
the main metal, relative density, and size as well as
topology (either open or closed) of the pores [7-9].
Fabrication methods also directly affect the foam
properties and costs [5, 10]. The present research aimed
to synthesize open cell nickel foam based on a cost-
effective method using electroless deposition over
polymeric  sponge. Then, hard nickel was
electrodeposited, and the polyurethane substrate was

removed by a controlled pyrolysis and high pure argon
gas flow.

2. MATERIALS AND METHODS

In this study, first, the purchased open-cell
polyurethane foam, i.e., 40 ppi, became conductive with
the electroless nickel thickness of 2-5 pm coated by
multi-step processes including the degreasing, etching,
sensitization, activation, and electroless nickel plating.
Next, the specimen was completely washed in the
distilled water after each step and then dried. After that,
the electroplating method was applied to continue
depositing a layer of nickel on the former nickel coated
by electroless. In this step, the foam was nickel-
electrodeposited by hard nickel salt solution with direct
current density of 20 Adm?2. The solution was next
stirred up using a magnet with 550 rpm, and the
thickness of struts increased up to 50-80 um. Finally, the
polymeric substrate was removed by pyrolysis. The
coated specimen was then put into the tube furnace and
heated in a controlled procedure in order to prevent any
thermal shock to the foam. The argon gas with the purity
of 99.999 % flowed continuously during heating and
cooling in the tube furnace.

3. RESULTS AND DISCUSSION
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Followed by polyurethane removal, the XRD patterns
demonstrated in Figure 1 indicated three primary
reflections at 20 of 44.64°, 51.92°, and 76.46°
designated to the (111), (200), and (220) planes of Face-
Centered-Cubic (FCC) nickel, respectively, confirming

that Ni was the dominant constituent of the obtained
foam. Meanwhile, other small peaks of Ni-P are
observed in the XRD pattern due to the sodium
hypophosphite reducing agent during the electroless
plating.
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Figure 1. XRD for nickel foam after polyurethane removal

Pure nickel coatings have a truncated pyramidal
structure [11] with a typical morphology with (111)
preferred texture that is also shown in the SEM images.

Figure 2 shows the compressive stress-strain
schematic curve of the metal foam [12]. As observed in
the curves, three distinct regions can be distinguished:
(1) the linear elastic deformation (straight linear relation
between stress and strain), (2) collapse plateau (sudden
decrease in stress after the first peak of stress and plateau
area), and (3) densification region (slight increase in the

strain, rapid growth of stress, and more significant line
slope). The compressive strength values (stress peak
after the linear elastic phase) for electroless-coated and
hard nickel-coated foams were measured as 0.07 and 1.1
Mpa, respectively, and the hardness value was measured
as 147 Hy.

The specific surface area of the synthesized nickel
foam was measured as 1.48 m?gr'! by N, adsorption and
desorption isotherms obtained at the liquid-N,
temperature using a BET analyzer.
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Figure 1. Schematic stress-strain curve of metal foams

4. CONCLUSION

The thickness of the struts coated by electroless
method in the range of 5-15 (um) increased by hard
nickel electrodeposition to 50-90 (um), and an increased
plateau height of stress-strain curve of foam was
indicative of more compression strength of the porous
structure. The specific surface area (Sger) of the
synthesized nickel foam was obtained as 1.48 m?gr! that
gains significance when using nickel foam as catalyst
support and batteries electrode.
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