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a b s t r a c t

Unitized regenerative fuel cells (URFCs) have become more attractive for some time due to its potentially
wide energy storage application such as in fields of space and renewable energy. In this study, TiC sup-
ported Pt–Ir electrocatalysts (Pt–Ir/TiC) for oxygen electrode in URFCs were synthesized, respectively, by
chemical reduction process and plasma reduction process. Their physical and electrochemical properties
are characterized and compared using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
eywords:
upported electrocatalyst
ifunctional electrocatalyst
xygen electrode
hemical reduction
lasma reduction
nitized regenerative fuel cell

transmission electron microscopy (TEM), cyclic voltammogram (CV), potentiostatic technique, and elec-
trochemical impedance spectroscopy (EIS). The results from XRD, XPS and TEM demonstrate that the
plasma process gives a finer metal crystals and higher metal dispersion on the TiC support. The CV, polar-
ization, potentiostatic and EIS results show that the Pt–Ir/TiC electrocatalyst prepared by the plasma
reduction process is obviously more active than that by the chemical reduction process, in agreement
with the above metal-dispersion observations. The plasma process is a promising way for the preparation
of supported electrocatalysts.
. Introduction

Hydrogen as an energy storage medium, which stores electrical
nergy by splitting water into hydrogen and oxygen, is preferably
onnected to a renewable energy source, such as solar or wind
nergy. Unitized regenerative fuel cells (URFCs), using hydrogen as
he medium, is a compact energy storage unit where the water elec-
rolyser (WE) and the fuel cell (FC) are combined into one unit and
nly one of the two modes can be operated at one time [1]. In the WE
ode, hydrogen and oxygen are generated by splitting water using

lectrical power. In the FC mode, the hydrogen and oxygen or air are
ombined to generate water and give off electricity. Compared with
onventional secondary batteries (for example, lead acid and Li-ion
atteries) as storage systems, URFCs have many advantages in long-
erm energy storage, including high energy density, high durability
nd low environmental impact. They can be applied in many dif-
erent areas, such as high-altitude long-endurance airship, hybrid
nergy-storage/propulsion systems for spacecraft, energy storage

or remote (off-grid) power sources, and peak shaving for on-grid
pplications [2].

One of the most difficult challenges in the development of the
RFCs is to improve the performance of their oxygen electrodes,
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and more specifically, to improve the performance of the bifunc-
tional electrocatalysts for the oxygen electrodes [3].

To date, typical bifunctional electrocatalysts for oxygen redox
reaction of URFC include Pt–Ir, Pt–Ru–Ir, Pt–IrO2 and Pt–IrO2–RuO2.
Most of the above described bifunctional oxygen electrode elec-
trocatalysts are obtained by mixing an efficient electrocatalyst for
oxygen reduction – Pt black, and an efficient electrocatalyst for
oxygen evolution – Ir or IrO2 or IrO2–RuO2, which may result in a
slightly decreased performance in either the oxidation or the reduc-
tion reaction (depending on catalyst composition) and thus a lower
bifunctional performance of the oxygen-electrode electrocatalysts.
The electrocatalyst compositions need to be optimized for a given
system application. Yim et al. [3] optimized Pt–Ir electrocatalyst
for URFC and concluded that Pt–Ir catalyst with 1 wt.% Ir revealed
the highest URFC efficiency. Grigoriev et al. [4] recently suggested
anodic bifunctional electrocatalytic structures for URFCs based on
proton exchange membrane (PEM) technology. Among various
Pt–Ir compositions, the best URFC performances were reported to
be obtained with two adjacent porous layers, of which the first layer
was made of Ir (50 wt.%) in direct contact with the polymer mem-
brane and the second layer was made of Pt (50 wt.%) and coated

over the first one.

Several factors influence the electrocatalytic activity of the cat-
alysts for the oxygen evolution reaction, including the crystal-field
stabilization energy, mixed and doped oxides, catalyst dispersion,
crystallinity, and crystallite size [5]. IrO2/Pt can be prepared by
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eposition of the colloid precursor Ir(OH)3(H2O)3 on Pt black. Ioroi
t al. [6] reported that the catalytic performance of the deposited
rO2/Pt is better than that of mixed IrO2/Pt because it is rela-
ively easy to maintain the conduction path of electrons along Pt
gglomerates in the deposited IrO2/Pt catalyst, while the electron
onduction path tends to be hindered by IrO2 agglomerates in the
ixed IrO2/Pt catalysts.
On the contrast, Yao et al. [7] reported that platinum nanopar-

icles deposited on the surface of IrO2 by chemical reduction,
ompared to the mixture or Pt and IrO2, showed distinct behaviors
n the oxygen reduction reaction (ORR) and in the oxygen evolution
eaction (OER). As a bifunctional electrocatalyst for oxygen elec-
rode, IrO2-supported Pt exhibits slightly lower ORR activity but

arkedly higher OER activity than the mixture of Pt and IrO2. They
xplained it by the downshift of the d-band center energy through
he d-band coupling, therefore resulting in a weaker O2 molecule
dsorption on Pt catalysts supported by IrO2. Zhang et al. [8] syn-
hesize a bifunctional RuO2–IrO2/Pt electrocatalyst for the URFC by
olloid deposition. URFC with the deposited RuO2–IrO2/Pt showed
etter performance than that of URFC with mixed RuO2–IrO2/Pt
atalyst. Cyclic performance of URFC with deposited RuO2–IrO2/Pt
as reported very stable during 10 cyclic tests.

To reduce the loading of the noble metals, supports are used
n the bifunctional electrocatalysts. Chen et al. [9] examined three
xide supports: Ebonex (primarily composed of Ti4O7), phasepure
icrocrystalline Ti4O7 and Ti0.9Nb0.1O2, a doped rutile compound.

hese supports improve activity, but have short-lived electrochem-
cal stability. We [10] reported recently that the catalytic activity
f the Ir/TiC for the OER is significantly higher than that of the
nsupported Ir catalyst. The TiC support is chemically and electro-
hemically stable in the whole range of experimental potentials.

Many conventional methods are used in the electrocatalyst
reparation, such as chemical reduction by HCHO, KBH4 or NaBH4,
he electrochemical deposition and chemical vapor deposition
CVD) [11–14].

Recently, plasma reduction has attracted more attention. Plasma
an enhance or assist deposition of catalytically active compounds
n various supports and produce ultrafine catalyst particles [15].
egrand et al. [16] used the afterglow of a hydrogen microwave
lasma for the preparation of zeolite yttrium (Y) supported gold and
latinum nanoparticles. Kim et al. [17] reported that a hydrogen
tmospheric dielectric-barrier plasma could be used as the reduc-
ng agent to prepare supported Pt and Co catalysts. Liu et al. [18–23]
ad used argon glow discharge plasma at room temperature to
repare Pd, Pt, Pt/Al2O3 and Rh/Al2O3 catalysts and noticed these
atalysts were reduced during the process of plasma treatment.

In the present study, we prepared two kinds of Pt–Ir/TiC electro-
atalysts, respectively, by chemical reduction and plasma reduction
rocesses, and characterized them by physical and electrochemical
easurements.

. Experimental equipment and procedures

.1. Preparation of the Pt–Ir/TiC electrocatalyst by thermal
eduction process

The Pt–Ir/TiC electrocatalyst prepared by thermal reduction was
ade by chemical reduction and deposition with ultrasonic dis-

ersion described in our early investigation [10]. TiC powder is
commercial product purchased from Fujian Sinocera Advanced

aterials Co., Ltd. Its main physical and chemical characteristics

re described as follows: TiC purity >99%, cubic structure, surface
rea 14.41 m2 g−1, and particle size 100–200 nm. Briefly, the sup-
ort TiC powders were wetted in de-ionized water containing an
ppropriate amount of isopropanol to form a suspended phase. The
Fig. 1. Schematic setup of glow discharge plasma catalyst reduction.

slurry was dispersed in an ultrasonic reactor for 10 min at room
temperature. H2PtCl6·6H2O (analytical grade) and (NH4)2IrCl6 (Alfa
Aesar) were added to the above slurry in the calculated amount
for the desired loading. The aqueous solution was subsequently
heated to 80 ◦C and stirred under ultrasonic agitation. The reduc-
ing agent (HCHO:NH3:H2O ≈ 2:1:21, weight ratio) was added to
the mixture at 80 ◦C over a period of 40 min and the mixture was
kept at 80 ◦C under ultrasonic agitation for an hour. After cool-
ing to room temperature, the reduced and precipitated slurry was
washed repeatedly with de-ionized water until the content of chlo-
rine anion (Cl−) in the filtrate was less than 40 ppm. After drying at
80 ◦C for an hour, the filter cake was then set in a tube furnace and
annealed at 500 ◦C for 30 min under flowing argon before cooling
down to room temperature. The Pt–Ir electrocatalyst loading on the
TiC support was 40 wt.%. The sample is labeled as S1.

2.2. Preparation of the Pt–Ir/TiC electrocatalyst by plasma
reduction

The novel Pt–Ir/TiC electrocatalyst was prepared by plasma
reduction. The TiC powders were first wetted in de-ionized water
containing an appropriate amount of isopropanol to form a sus-
pended phase. The slurry was dispersed in an ultrasonic reactor
for 10 min at room temperature. H2PtCl6·6H2O (analytical grade)
and (NH4)2IrCl6 (Alfa Aesar) were added to the above slurry in the
calculated amount for the desired loading. This aqueous solution
was subsequently heated to 80 ◦C and stirred under ultrasonic agi-
tation for 3 h. After drying at 80 ◦C for 15 h, the cake was mashed
and followed by plasma reduction. The plasma reduction was con-
ducted using argon glow discharge. Details of the plasma setup
were given elsewhere [20–23]. The sample (about 0.4 g), loaded
on a quartz boat, was placed in the glow discharge chamber which
was a horizontal quartz tube (i.d. 35 mm) with two stainless steel
electrodes (o.d. 30 mm). The system was connected to a source of
Ar and was evacuated with a vacuum pump. When the argon pres-
sure was adjusted to 50–100 Pa, the glow discharge plasma was
generated by applying 900 V to the electrodes using a high volt-
age amplifier (Trek, 20/20B), with high purity argon (>99.999%) as
the plasma-forming gas. The current was in the range of 1–2 mA.
The signal input for the high voltage amplifier was supplied by a
function/arbitrary waveform generator (Hewlett-Packard, 33120A)
with a 100 Hz square wave. The plasma reduction lasted for 10 min
at each time. Because the plasma reduction is a surface reaction,
the sample was stirred using a glass rod after the plasma reduction
and reduced several times. Here each sample was reduced 6 times.
The gas temperature of plasma was measured by infrared imag-

ing (Ircon, 100PHT), indicating that the reduction was conducted
at ambient temperature. The schematic setup of plasma reduction
is shown in Fig. 1. The loading of the Pt–Ir electrocatalyst supported
on the TiC is the same with the S1, but is labeled as S2.
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Fig. 2. XRD patterns for TiC, S1 and S2 electrocatalysts.

.3. Physical characterization

The X-ray diffraction (XRD) pattern was recorded using a Rigaku
/max2000 with an area detector using a Cu K� radiation source

� = 1.54056 Å) operating at 40 kV and 20 mA. The XRD samples
ere obtained by placing the test samples on a glass slide and then
rying under vacuum overnight. The scanning angle (2�) region
etween 20◦ and 80◦ was explored at a scan rate of 0.02◦ s−1. The
article size and surface of the electrocatalysts were determined
y transmission electron microscopy (TEM) using a JEOL JEM-2010
icroscope operated at 200 keV. The TEM samples were prepared

y placing a drop of catalyst suspension in ethanol on a 3-mm size
opper grid, followed by drying at ambient conditions. X-ray photo-
lectron spectra (XPS) analysis was performed using a Kratos AXIS
ltraDLD system operated under Al Ka radiation (1486.6 eV) with
monochromator. Binding energies calibrated with respect to C

1s) at 284.6 eV were accurate within ±0.2 eV. For XPS analysis, the
owder samples were placed in an ultra high vacuum chamber at
0−9 Torr housing the analyzer. Before put in the analyzing cham-
er, the sample was kept in the preparation chamber at 10−9 Torr
or overnight to expel any volatile species.

.4. Working electrode preparation
Appropriate amounts of electrocatalysts were ultrasonically
uspended in a small quantity of a mixture of de-ionized water, iso-
ropanol and the calculated mass of Nafion solution (5 wt.% Nafion,

Fig. 3. TEM image for the S1 electrocatalysts.
Fig. 4. TEM and HRTEM images for S2 electrocatalysts.

Dupont) to prepare the electrocatalysts ink. Then, 5 �l of ink was
taken with a transfer pipette and deposited on a clean glassy car-
bon electrode with an area of 0.07069 cm2 (CHI 104, CH Instrument
Co.) held in a Teflon cylinder. The electrode was dried under an
infrared lamp at 40 ◦C for 10 min. A uniform electrocatalyst layer
was obtained as the working electrode. The loading of the Pt–Ir/TiC
electrocatalysts on the working electrode was about 0.02 mg.

2.5. Electrochemical characterization

In order to determine the electrocatalytic activity of the
Pt–Ir/TiC electrocatalysts (S1 and S2) for the oxygen electrode,
cyclic voltammograms (CV), polarization, potentiostatic mea-
surement and electrochemical impedance spectroscopy (EIS)
characterizations were carried out at room temperature (23 ± 2 ◦C).
The electrochemical experiments were done in a glass electro-
chemical cell with a three-electrode configuration. A saturated
calomel electrode (SCE) in saturated potassium chloride (KCl) solu-
tion, which was positioned as close as possible to the working
electrode by means of a Luggin capillary, was used as the refer-
ence electrode. The counter electrode was a 1 cm × 1 cm platinized
Pt foil. The working electrode was made as described in Section 2.4
with S1 or S2 electrocatalyst. All potentials reported in this work
were with respect to the SCE.

All the experiments were performed in 0.5 M H2SO4 solution

prepared with high-purity sulfuric acid and deionized water. The
potential range of the CV measurement was between −0.241 and
+1.0 V with a scan rate of 50 mV s−1. The electrolyte solution and
surfaces of the electrodes were de-aerated with nitrogen bubbling
before and during the experiments. The polarization measurements
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ing energies of X-ray photoelectron spectra for Pt and Ir metals.
Fig. 5(c) and (d) are for the S2. It can be seen from the Pt (4f) peaks
for the S1 and S2 electrocatalysts represented in Fig. 5(a) and (c),
the distances between two characteristic peaks of each sample are
all about 3.3 eV. The peaks in Fig. 5(a) are formed near 70.9 and

Table 1
Binding energies of X-ray photoelectron spectra for Pt and Ir metals.
Fig. 5. XPS images for the S1 and S2 electrocatalysts. (a) Pt (4f) for t

ere recorded at the potential range of 0.6–1.5 V in the electrolyte
aturated with nitrogen for the oxygen evolution reaction (OER),
nd 0.8–0.2 V in the electrolyte saturated with oxygen for the oxy-
en reduction reaction (ORR), respectively. The potentiostatic tests
ere carried out at the potentials of 1.3 V and 0.6 V for 600 s for the
ER and the ORR, respectively, with the electrolytes being saturated
ith the corresponding gases as described above. All the data were

ollected using a Solartron Electrochemical Interface (model SI
287) and the Corrware software. EIS experiments were carried out
t frequencies from 100 kHz to 0.1 Hz. The impedance spectra were
egistered with a logarithmic data collection scheme at 10 steps
er decade with amplitude of 10 mV at the potential of 1.2 V and
.6 V with corresponding gases saturated. The impedance charac-
erization was completed using a Solartron Impedance/Gain-Phase
nalyzer (model SI 1260) combined with a Solartron Electrochem-

cal Interface (model SI 1287) and the Z-plot and Z-view software
ere used for data processing.

. Results and discussion

.1. Physical characterization and analysis

The phase compositions and crystal structures of the S1 and S2
lectrocatalysts were determined by XRD analysis using the TiC as
n internal standard. The XRD patterns are given in Fig. 2. The char-
cteristic intense diffraction peaks of Pt (1 1 1), Ir (1 1 1), Pt (2 0 0),
r (2 0 0), Pt (2 2 0) and Ir (2 2 0) can be found for the S1 and S2 elec-
rocatalysts. The labeled lines and reflection planes represent that
f pure Pt and Ir metals. The characteristic peaks on the 2� values
f 39.8◦, 46.2◦ and 67.4◦, could be assigned to the reflection planes
1 1 1), (2 0 0) and (2 2 0) of a Pt. The diffraction peaks on 40.7◦, 47.3◦
nd 69.2◦ are due to Ir (1 1 1), (2 0 0) and (2 2 0) plane, respectively.
t is expected some alloying of Pt and Ir and be from two/multiple
hases that are either Ir rich or Pt rich from overlapping peaks of the
RD patterns, even although we were not able to confirm the exis-

ence of Ir rich or Pt rich phases in the microscope. At the same time,
; (b) Ir (4f) for the S1; (c) Pt (4f) for the S2; and (d) Ir (4f) for the S2.

the obvious broadening of the corresponding diffraction peaks can
be seen for the S2 compared with that for the S1. It demonstrates
that the crystallite sizes of Pt and Ir dispersed on the TiC support
in the S2 are smaller than those in the S1, respectively. The active
components with smaller particle sizes and crystallites will pro-
duce more crystal lattice defects and have more highly active sites.
Obviously, a high density of surface active sites and some alloying
of Pt and Ir will benefit and improve the electrocatalytic activity.

The particle size and size distribution for the S1 and S2 elec-
trocatalysts were investigated by TEM and shown in Figs. 3 and 4,
respectively. They all show that the Pt and Ir nanoparticles are uni-
formly and highly dispersed over the TiC surface. For the S1 as
represented in Fig. 3, the sizes of the particle deposited on the TiC
are not well defined, with the particle size distribution in a wide
range of 10–40 nm, possibly due to a certain agglomeration of the
particles or sintering during sample preparation. As shown in Fig. 4,
the particle size distribution of the S2 is narrower and the average
diameter is about 2–5 nm, which is remarkably smaller in compar-
ison with that of the S1. This result is accordant with the analysis
of the XRD.

In order to investigate the valence states of elements on the
electrocatalyst surface by binding energy, XPS tests were made and
shown in Fig. 5. Fig. 5(a) and (b) are for the S1. Table 1 gives bind-
Element Binding energy (eV)

4f5/2 4f7/2

Pt 74.25 70.9
Ir 63.55 60.6
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Fig. 6. CV curves for the S1 and S2 electrocatalysts.

Fig. 7. Polarization curves for the S1 and S2: (a) at 0.6–1.5 V and (b) at 0.8–0.2 V.
rces 196 (2011) 5416–5422

74.2 eV, and in Fig. 5(c), near 71.3 eV and 74.6 eV which correspond
to the (4f7/2) and (4f5/2), respectively. In Liu et al.’s work [22], they
attribute the peaks at 76.3 and 72.9 eV to (4f7/2) and (4f5/2) transi-
tions of platinum ion, and those at 74.1 and 71.1 eV to the energy
levels of platinum metal.

As for the Ir (4f) peaks, the distances between two charac-
teristic peaks for each sample are all about 3.0 eV as shown in
Fig. 5(b) and (d). At the same time, it can be seen the Pt (4f)
and Ir (4f) peaks for the S2 electrocatalyst shift to higher bind-
ing energy as compared to those peaks of the S1. Those peaks
formed at about 71.3 and 74.6 eV in Fig. 5(c) are, respectively, cor-
responding to the (4f7/2) and (4f5/2) of Pt3+ or Pt4+. Similarly, the
peaks appeared about at 62.0 and 64.9 eV in Fig. 5(d) are, respec-
tively, for Ir4+ (4f7/2) and Ir4+ (4f5/2). However, the Pt (4f) peaks
observed at about 70.9 and 74.2 eV in Fig. 5(a) are ascribed to Pt0

(4f7/2) and Pt0 (4f5/2). And the Ir (4f) peaks appearing at about 60.0
and 63.0 eV in Fig. 5(b) correspond to Ir0 (4f7/2) and Ir0 (4f5/2).
So, the XPS results indicate that the plasma treatment induces
change of the electronic valence states of the Pt and Ir particles.
However, we find no characteristic peaks for Pt oxide or Ir oxide
in the XRD pattern of the S2. This conflict results may be due to
the intense effect of electronic structure induced by the plasma
treatment.

3.2. Electrochemical performance and analysis

CV investigations shown in Fig. 6 were carried out to eval-
uate the electrocatalytic activities of the S1 and S2. The peaks
appearing at the potential of about −0.12 V provide the informa-
tion on the hydrogen adsorption and desorption. Between 0.0 V
and 0.2 V is the region of electric double layer. Starting from a
positive potential of about 0.6 V, the S2 electrode shows a trend
of relatively quick oxygen evolution compared with that of the
S1. Moreover, oxygen reduction peak beginning from about 0.8 V
at reverse scan is more obvious on the S2 electrode than that on
the S1. It is common to take the peak current density kinetically
controlled for comparison. At a positive potential of 1.0 V, the cor-
responding current densities are 2.5 mA cm−2 on the S1 electrode
and 6.1 mA cm−2 on the S2 electrode. At 0.6 V at reverse scan, it
is about 0.9 mA cm−2 on the S1 electrode and 2.7 mA cm−2 on the
S2 electrode. All of these results obviously indicate that the S2
prepared by the plasma reduction treatment results in compara-
tively higher current densities of the dynamical process for both
the oxygen evolution and the reduction, and thus its electrocat-
alytic activity is higher than that of the S1 at the same experimental
potential.

Based on results of Fig. 6, polarization curves of the two samples
were measured, respectively, at the potential range of 0.6–1.5 V
saturated with nitrogen for the oxygen evolution reaction (OER),
and at 0.8–0.2 V saturated with oxygen for the oxygen reduction
reaction (ORR) shown in Fig. 7. In Fig. 7(a), it can be easy found
that the OER current densities on the S2 electrode reveal larger
values and increase more quickly than that on the S1 electrode at
the same range of potentials. In addition, the S2 electrode exhibits
higher current density for the ORR than that the S1 electrode at the
same experiment potentials as shown in Fig. 7(b). This proves that
the S2 prepared by plasma reduction has higher electrocatalytic
activities for both the OER and the ORR.

Potentiostatic analysis is also used to check the performance of
the S1 and S2 as the OER and ORR electrocatalysts. When evaluat-
ing the electrocatalytic activities of the S1 and S2, the potential is

selected at 1.3 V and 0.6 V, respectively, according to Fig. 7(a) and
(b), and the solution is saturated with N2 and O2, respectively. The
electrolyte solution was purged with corresponding gases for 120 s
before data collection. The electric charge–time curves for the OER
of the S1 and S2 electrocatalysts were recorded while the working
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the National Natural Science Foundation of China (Grant No.
ig. 8. Electric charge–time curves of the S1 and S2: (a)at 1.3 V and (b) at 0.6 V.

lectrodes were held at 1.3 V for 600 s, and those for the ORR were
nvestigated at 0.6 V for 600 s, as shown in Fig. 8(a) and (b). The
olumbic charge passed through the two electrodes are, respec-
ively, about 1.1 C cm−2 for the S1 and 1.2 C cm−2 for the S2 after
00 s at 1.3 V as shown in Fig. 8(a). At the same time, the columbic
harges are 0.21 C cm−2 for the S1 and 0.28 C cm−2 for the S2 after
00 s at 0.6 V. So, at the applied potentials, the S2 electrode exhibits
higher passage of electric charge in both tests and shows a higher
lectrocatalytic activity for both OER and ORR, compared with the
1 electrode.

EIS technique has been used to investigate the kinetics and
echanisms of the electrode reactions. Nyquist plots of S1 and

2 at the electrode potential of 1.20 V and 0.6 V are recorded and
hown in Fig. 9. At the comparatively high potential of 1.2 V, the
eaction rate is controlled mainly by diffusion. In the range of mid-
le and low frequency, diffusion polarization impedances of S2 are
bviously lower than those of S1. These results confirm that the
2 electrode presents much lower charge transfer and diffusion
esistances compared to the S1 electrode. Then the S2 electrode

ith lower impedances reveals correspondingly high electrocat-

lytic activity. All these are consistent with the results of the CV,
olarization and potentiostatic measurements.
Fig. 9. EIS curves for the S1 and S2 electrodes: (a) at 1.2 V and (b) at 0.6 V.

4. Conclusion

The two kinds of Pt–Ir/TiC electrocatalysts were prepared,
respectively, by chemical reduction and deposition process and
by plasma reduction process. The plasma treatment induces some
change in the electronic states of the Pt and Ir particles. Compared
with the Pt–Ir/TiC electrocatalyst prepared by chemical reduction
and deposition, the novel Pt–Ir/TiC electrocatalyst prepared by
plasma reduction displays the finer particles (<5 nm) and relatively
uniform distribution on the support TiC surface and significant
improvement in the electrocatalytic activity both for the OER and
for the ORR deduced from the results of the CV, polarization, poten-
tiostatic and EIS measurements. It also confirms that the plasma
processes is a promising way for the preparation of supported elec-
trocatalysts.
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