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As the necessity for energy keeps on growing it has become a pressing concern the development of new methods of
producing energy both efficient and harmless for our environment. In the past the limiting factors of renewable energy were
the storage and transport of that energy. By using fuel cells and hydrogen based technology the electrical energy from
renewable sources can be distributed where and when is needed, clean, efficient and sustainable. Nanotechnology is the
area of interest in the research of new methods of improving the performance and reducing the costs of the catalysts used
in fuel cells [1, 2, 3, 4]. In order to prepare nanostructured carbon based films (C — Glass + Pt) for use in the anode and
cathode parts of fuel cells, the method of Thermionic Vacuum Arc (TVA) was used in one electronic gun configuration. One
of the main advantages of this technology is the bombardment of the growing thin film just by the ions of the
depositing material. Moreover, the energy of ions can be controlled. Thermo-electrons emitted by an externally heated
cathode and focused by a Wehnelt focusing cylinder are accelerated towards the anode whose material is evaporated and
bright plasma is ignited by a high voltage DC supply [5]. The nanostructured C — Glass + Pt films were characterized by
Transmission Electron Microscopy (TEM), electron diffraction, Scanning Electron Microscopy (SEM), Energy Dispersive X-
Ray Spectrometry (EDXS) and magneto-resistance analysis. In the presence of a magnetic field of 0.3 T all the films
that were investigated showed a slight drop in resistance. The TEM analysis showed the investigated films have a uniform
morphology and amorphous structure, SEM also revealed the uniform character of the surface while EDXS confirmed the

presence of Platinum.
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1. Introduction

Fuel Cells are devices that convert chemical energy
from a fuel such as hydrogen into electricity through
chemical reactions with oxygen or other oxidizing agents
and are advantageous for compact applications as they can
replace static energy sources such as Li-ion batteries by
providing longer lifetimes and higher energy densities [6].

The source of energy for these cells is situated at the
anode, the oxidant at the cathode while the electrolyte
allows the ions to flow between these two parts of the fuel
cell. The most common type of fuel used is hydrogen but
hydrocarbon fuel such as natural gas or alcohols like
methanol are also used. However, such fuel cells require
either on-site hydrogen storage or an onboard reformer to
extract H, from organic fuels [6].

A catalyst is required for the oxidation of a fuel such
as hydrogen and platinum-based catalysts are the most
efficient but are also very expensive. While Pt is an
excellent catalyst for dehydrogenation it is extremely
susceptible to poisons such as carbon monoxide (CO)
present in the hydrogen gas obtained by reforming
hydrocarbon fuel [7]. Complex alloys of Pt and various

metals such as Mo, W, Re, Rh and Pd are also explored as
fuel cell electro-catalysts [8] while efforts have also been
devoted to the optimization of the existing platinum
nanoparticle catalysts and to the design of new catalysts
with less or no usage of Pt [9,10].

Unlike batteries, fuel cells need to be always
connected to the fuel source and to oxygen to produce low
voltage electrical current. Individual cells produce low
amounts of electricity (aprox. 0.7-0.9V) that’s why they
are stacked in series or parallel circuits to satisfy the power
requirements of various applications [11].

At the anode of a hydrogen fuel cell weak H — Pt
bonds are formed. The H atoms are oxidized so their
electrons travel to the cathode through the external electric
circuit. The remaining H proton is linked with a water
molecule from the electrolyte membrane and forms a
hydronium ion H;O" which travels to the cathode. At the
cathode weak O — Pt bonds are formed. The O atoms from
the air are reduced and by combining with the H protons
from the anode water molecules are formed.

The Redox equations are as follows:

Anode 2H, — 4H" +4¢
Cathode O, +4H" + 4¢"— 2H,0
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Total 2H, + O, — 2H,0 [12].

2. Materials and methods

The C-Pt thin films on Glass substrate have been
obtained by Thermionic Vacuum Arc method [5] (Fig.1)
and the deposition consisted of two stages: the carbon
deposition (filament current intensity had a value of 38A
for the whole 37 min deposition time and the rate was 0.2
— 0.3 Angstrom/s on Glass substrate resulting in a Carbon
thickness of about S0nm) and the platinum deposition
(filament current intensity had a value of 35.9A for the
whole 13 min deposition time and the rate was 0.05
Angstrom/s on C — Glass resulting in isles of Pt with
thicknesses ranging from 3.2 — 4nm (Fig. 2) (Table 1)).
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Fig. 1. The TVA deposition arrangement
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Four thin film samples (S1, S2, S3 and S4) were
investigated using electrical analysis while samples S1 and
S3 undergone further TEM, SEM, EDXS measurements
for morphology, crystalline structure and physical
properties.
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Fig. 2a — Carbon deposition (Thickness [A] vs. Time [sec]).
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Fig. 2b — Platinum deposition (Thickness [A] vs. Time [sec])

Tab. 1 — Thickness of the samples S1, S2, §3 and §4

Sample Estimated Thickness
(nm)
S1 3.8
S2 3.6
S3 33
S4 3.2

Ohmic contacts were attached on the samples for use
in the electrical measurements. The electrical contact on
the samples was performed by a product consisting of 80%
silver-filled two-component epoxy-based glue (0.0025
Q/cm specific resistance) [13].

TEM was performed using the Philips CM120ST
microscope with MegaView III CSD camera. SEM
analysis used the SEM QUANTA INSPECT F. Samples
S1 and S3 were prepared using the scratch method.

3. Results and discussions

Fig.3a and Fig.3b illustrates the TEM morphological
images and electron diffraction analysis of samples S1 and
S3 respectively.

The TEM analysis reveals that all investigated films
have a uniform morphology and amorphous structure.

The TEM image of sample S1 shows the formation of
platinum polycrystalline structures on the surface of the
thin film. Instead, sample S3 reveals a film like structure
for platinum (these implications will be further explored
when we reach the electrical measurements).
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Fig.3a TEM and electron diffraction analysis of sample S1

. . . . Fig4  SEM analysis for Sample 1 with varying
Fig.3b TEM and electron diffraction analysis of sample magnification (240.000x - top, 10.000x — middle and

53 bottom) On the first image (240.000x - top) we can

. . actually measure the width of the C— Pt film to be
SEM analysis for samples S1 and S3 is presented 63.6 nm.

in Fig.4 and Fig.5 respectively.
Proceeding to the next two images we can observe the
uniform but also the vermicular aspect of the deposed thin
film.
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Fig.5 SEM analysis for sample S3 with varying magnification
(20.000x - top, 100.000x — middle and bottom)

All images illustrate a uniform surface of the film.
This sample does not show the same pronounced
vermicular character as sample S1 (middle and bottom
images) and has occasional large impurities of about 1 pm
in diameter (top image).

The EDAX analysis (Fig. 6) confirms the presence of
C and Pt in samples S1 and S3. In the examined portions
of the two samples we can qualitatively say that Pt is more
defined and in higher quantities in sample S1 at energies
of 1.7, 2.1 and 2.4 keV. Also we can observe the presence
of oxygen, calcium, sodium and magnesium on the surface
of the films.
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Fig.6 EDXS analysis for sample S1 (top) and
sample S3 (bottom)

Electrical measurements investigate the conductivities
of samples S1, S2, S3 and S4. Resistance of the samples
was measured comparing the potential drop on the sample
with the potential drop on a standard series resistance in
constant current mode [13].

It can be seen in Fig.7 how the resistance of sample S1
which has a thickness of about 3.8nm is affected by
temperature and magnetic field intensity applied
perpendicular to the surface of the sample.
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Fig.7a — Sample S1 resistance vs. temperature graph
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Fig.7b — Sample S1 resistance vs. magnetic field intensity
graph

Fig.8a, 8b and 8c shows the resistance vs. temperature
graph for samples S2, S3 and S4 respectively without a
magnetic field and with a magnetic field of 0.3102 Tesla.

It can be seen that in the presence of that magnetic
field perpendicular to the surface of the sample all the
structures that were investigated showed a slight drop in
resistance.

Fig.9 shows a comparison between all 4 samples in a
resistance per distance between contacts vs. temperature
graph.
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Fig.8a — Sample S2 resistance vs. temperature graph,
(©) null magnetic field, (o) magnetic field B=0.3102T
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Fig.8b . Sample S3 resistance vs. temperature graph,
(©) null magnetic field, (0) magnetic field B=0.3102T
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Fig.8c. Sample S4 resistance vs. temperature graph, (0) null
magnetic field, (o) magnetic field B=0.3102T

The magnetoresistance MR(%) in a magnetic field of
intensity B=0.3102T vs. temperature for samples S2, S3
and S4 is presented in Table 2.

Tab. 2 — MR (%) vs. temperature (B=0.3102T)

t(-C) MR (%
Sample Sample Sample S4
S2 S3

28 -7.11 -2.02 -1.03

33 -0.3

38 -5.63 -1.78 -2.13

48 0.04 -1.84

58 -7.37 -3.85

68 -5.44 -5.31
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Fig.9. Resistance — distance ratio vs. temperature for sample S1(0), sample S4(A), sample S2(0) and sample S3(0)

It can be seen that sample S1 even if it has isles of Pt
with thickness of 3.8nm has the highest resistance per
distance ratio of all 4 samples. By contrast sample S3 with
only 3.3nm has the lowest ratio of all.

These measurements lead to the conclusion that it is
the surface of Pt between contacts which decreases the
resistance.

The lower resistance per distance results for sample
S3 compared to sample S1 from the resistance analysis are
in agreement with the previous TEM analysis which
revealed the formation of platinum polycrystalline
structures on the surface of sample S1 while sample S3
presented a film like structure.

4. Conclusions

The nanostructured C — Glass + Pt films were
obtained by TVA method. Such nanostructures were
characterized by Transmission Electron Microscopy
(TEM), electron diffraction, Scanning Electron
Microscopy  (SEM), Energy Dispersive  X-Ray
Spectrometry (EDXS) and electrical analysis. The TEM
analysis revealed the films have a uniform morphology
and amorphous structure and in the case of sample S3 Pt
forms a film like structure. The resistance / distance graph
shows that it is the surface of Pt between contacts that
determines the decrease in resistance. In the presence of a
magnetic field perpendicular to the surface of the
nanostructures, all the films showed a slight drop in
resistance.
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