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Abstract The present paper deals with the studies
concerning electrochemical properties of the expanded
graphite/iron oxide/carbon (EG/Fe,03/C) composite pro-
duced by deep cathodic reduction. The electrochemical
activity of EG/Fe,05/C composite was investigated in al-
kaline solution by cyclic voltammetry technique. Electro-
chemical features of EG/Fe,03/C were found to be strongly
influenced by the conditions under which the measure-
ments were performed. The interpretation of electrochemi-
cal measurements was supported by the scanning electron
microscope (SEM) observation revealing the appearance of
carbon fibers of a different diameter as the main component
of the carbon layer within the examined EG/Fe,03/C com-
posite. The X-ray diffraction (XRD) and energy dispersive
spectrometry (EDS) analysis have confirmed the presence
of Fe,O5 layer within the EG/Fe,03/C composite. Addi-
tionally, the latter analysis has provided information on
changes within the chemical composition of EG/Fe,05/C
caused by electrochemical treatment.

Keywords Composite materials - Expanded graphite
composite - Carbon nanofibers - Iron oxide

Introduction

Expanded graphite (EG), being a product of exfoliation of
graphite intercalation compounds (GIC), exhibits interesting
properties such a developed surface area, high adsorption
capacity, enhanced concentration of surface defects, high sur-
face activity, low bulk density, and high thermal resistivity [1,
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2]. Owing to these features, EG has found an application as
heavy oil sorbent [3, 4], material for the generation and
storage of energy in alkaline batteries [5], fuel cells [6], and
supercapacitors [7] as an electrode material for
electrooxidation of various types of organic compounds
[8-10]. EG can be also used in preparation of various com-
posite materials, including carbon-polymer [11, 12], carbon-
metal [13], and carbon-carbon [14]. On the other hand, low
density of EG associated with its strong ability to be com-
pressed, followed by the reduction of its sorption capacity,
may be a disadvantage hindering composite formation. Due to
these properties, chemical vapor deposition (CVD) may be
used as an alternative way for synthesis of composites based
on the EG matrix [14, 15]. In the CVD method, carbon
obtained by carbonization of hydrocarbons is deposited onto
the surface of metal or metal oxide catalyst thus forming
metal-C or metal oxide-C composites. The efficiency of car-
bon formation by carbonization is strongly influenced by the
type of hydrocarbon used as a carbon source and the catalytic
properties of metal or metal oxide in the reaction of hydrocar-
bon carbonization [14—16]. A number of theories have been
proposed describing the mechanism of carbon growth over
metal or metal oxide catalysts. One of such theories, elucidat-
ing the synthesis of carbon fibers, postulates that carbon atoms
or clusters formed on the surface of the catalyst diffuse
through its structure and finally precipitate on the opposite
side of the synthesized fiber. In this case, the total duration of
the synthesis is limited by the catalyst activity [16]. The type
of the formed products is also influenced by the conditions of
carbonization, namely temperature, reaction mixture compo-
sition, and reaction time [14—16]. Among the potential prod-
ucts of the CVD process, carbon nanotubes (CNTs), carbon
nanofibers (CNFs), and carbon filaments are currently consid-
ered. Note that the synthesis of such products is accompanied
by the formation of amorphous carbon, usually an undesired
byproduct in the CVD synthesis.
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From the view point of electrode capacity of Fe-air batte-
ries, it is important to find an anode material of increased
porosity enabling better access of electrolyte to its active
surface [17]. As another factors determining the high capacity
of iron anodes in Fe-air batteries can be considered increased
resistivity against passivation as well as increased conductiv-
ity and low self-discharge. Owing to the increased conductiv-
ity, the Fe/C composite can be applied as anode material
instead of porous Fe. One of the method commonly used to
solve the problem of anode passivation as well as to reduce the
self-discharge processes is based on the modification of elec-
trolyte by the use of sulfide admixture (K,S, Na,S, PbS) [18,
19]. However, the particular role of sulfides is not yet well
known, but some theories postulate that the interaction of
sulfides with electrode surface occurring within the
electrode/electrolyte interface should be recognized as a cru-
cial factor determining the electrochemical activity of Fe/C
anodes in Fe-air batteries [18, 19].

Our previous work on ozone modification of EG/Fe/C
composite have revealed that strong oxidation of composite
results in considerable modification of its textural and chem-
ical properties [20]. The intensive reaction between ozone and
C layer of EG/Fe/C composite removes amorphous carbon
uncovering carbon fibers of a different diameter. Simulta-
neously, the oxidation of Fe to Fe,O5 occurs. The changes in
physicochemical properties of ozonated EG/Fe/C composite
induced valuable changes within its electrochemical behavior
demonstrated in alkaline solution.

The describing work [20] does not explain exhaustively
detailed role of factor employed to modification of EG/Fe/C
composite as well as does not provides enough information
for comprehensive electrochemical characteristics in the re-
gion of cathodic reduction.

The purpose of this work was to obtain and to study the
properties of EG/Fe,O5/C composite produced by deep ca-
thodic reduction. Electrochemical measurements were carried
out in alkaline solutions in the potential range of rapid hydro-
gen evolution using cyclic voltammetry technique. In order to
improve the understanding of the examined processes, the
electrochemical properties of EG/Fe,O5/C composite were
discussed in conjunction with morphological (SEM) and
structural (XRD analyses) properties as well as its chemical
composition (EDS).

Experimental

Preparation of EG/Fe,05/C

The EG/Fe,05/C composite was prepared according to a four-
step synthesis. Expanded graphite (EG) being a matrix of

target composite was prepared by thermal exfoliation of a
stage-5 graphite intercalation compound with sulfuric acid
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(H2SO4-GIC). Process of exfoliation was conducted in a
muffle furnace at the temperature of 800 °C for 4 min in air
atmosphere. In order to obtain the EG/Fe composite, the
electrodeposition of Fe from the bath composed of FeSO,4x
7H20, FCC12X4H20, (NH4)QSO4, and (NH4)2C204 was per-
formed. Galvanostatic deposition of Fe was carried out by
passing through the electrode made of EG current density
equal to 1 A dm™. The such prepared EG/Fe composite
worked as a catalyst for acetylene carbonization realized by
chemical vapor deposition (CVD) method, yielding the EG/
Fe/C composite. The mentioned carbonization was carried out
at 650 °C for 30 min. in a tube furnace coupled to the
flowmeter system ensuring the control of the amounts of
C,H, and N, gases passing through the quartz reactor. In order
to remove the amorphous carbon formed onto EG/Fe surface
due to acetylene carbonization, the EG/Fe/C composite was
heat treated at 500 °C for 1 h in air atmosphere. Since under
such conditions, the layer of Fe was oxidized to Fe,Os, the
final composite will be referred to as EG/Fe,O3/C [21].

Physicochemical characterization

The morphology of EG/Fe,03/C, especially its outer layer
was studied by scanning electron microscopy (SEM)
(S-3400 N, Hitachi microscope) using a voltage acceleration
of electron beam equal to 15 keV. The information on EG/
Fe,05/C composition before and after its thermal treatment at
500 °C for 1 h as well as after cathodic reduction were
acquired from the energy dispersive spectrometry (EDS)
analysis.

In order to characterize the structure of the EG/Fe,O5/C
composite, the X-ray diffraction (XRD) measurement was
performed using CuK« radiation (PW-1710, Philips).

Electrochemical treatments

The electrochemical properties of EG/Fe,O3/C composite
were examined in three electrode cell by cyclic voltammetry
method. The electrochemical measurements were performed
in water solution of 0.5 M KOH. The working electrode EG/
Fe,05/C being in a powder consistency was placed in a pocket
made of porous polymer material, in which graphite rod
(3 mm in diameter and 50 mm in length), playing a role of
current collector, was beforehand inserted. In each experi-
ment, the mass of the working electrode was equal to 20 mg.
Hg/HgO/0.5 M KOH (+0.117 V vs. the normal hydrogen
electrode) was a reference electrode whereas graphite rod of
a similar parameters to current collector was used as a counter
electrode. The particular description of electrode preparation
procedure can be found in previous works [9, 22]. The elec-
trochemical researches were carried out with three different
scan rates 0.1, 1.0, and 10 mV s ! within the two potential
ranges —1.25+0.0 and —1.5<0.0 V. Prior to each
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measurement, the electrode was kept at an open circuit in the
investigated electrolyte for 30 min. After starting the measure-
ments, the potential was swept from the rest potential of
electrode (£R) in the negative direction. Electrochemical mea-
surements were carried out using AUTOLAB potentiostat-
galvanostat (model PGSTAT 30).

Results and discussion

The structure, morphology, and chemical composition
of EG/Fe,05/C composite

Due to thermal treatment of EG/Fe/C composite carried out at
500 °C in air, amorphous carbon, being an undesired
byproduct in the CVD synthesis, was removed from the outer
part of composite. Simultaneously, the Fe component of EG/
Fe/C composite underwent oxidation to Fe,O3 [21]. The
abovementioned hypothesis has been partially confirmed by
the EDS analysis. As can be seen from the data included in
Table 1, no signal arising from the oxygen has been found for
the untreated composite (sample EG/Fe/C). The oxidative
treatment of the investigated composite (sample EG/Fe,05/
C) results in appearance of oxygen (1.39 at.%), most likely
bounded with Fe as a Fe,O;. Owing to heat treatment, the
amorphous carbon being the side product of acetylene car-
bonization has been removed from the carbon layer of the
investigated composite resulting in uncovering the surface of
composite.

The similar effect has been previously observed for ozone
treated EG/Fe/C [20]. On the other hand, the increased amount
of oxygen within the EG/Fe,03/C composite gathered after its
heat treatment can be also explained by the formation of
oxygen functionalities on the surface of carbon layer. It is
known that thermal treatment of carbon materials realized in
air atmosphere favors generation of surface oxygen groups.

The occurrence of Fe,O3 within the structure of investigat-
ed composite is also confirmed by XRD analysis. XRD pat-
tern displayed in Fig. 1 involves diffraction peaks of 0.267,

0.250, 0.183, 0.169, 0.148, and 0.143 nm referred to the
diffraction line (104), (110), (204), (116), (214), and (300),
respectively. According to the literature data, the
abovementioned signals can be largely ascribed to a-Fe,O;
[23, 24]. The regarded pattern also contains signals arising
from the carbon phase (denoted as C). Among them, peaks of
0.338 and 0.167 nm indexed as (002) and (004), respectively,
seems to be of highest importance because these peaks most
likely correspond to nanofibers existing within the outer part
of the examined composite [25].

To acquire an additional information on carbon layer with-
in the EG/Fe,05/C composite, the SEM analysis was per-
formed. SEM images recorded for EG/Fe,O5/C composite
are shown in Fig. 2a—. From these images, it is clear that
the acetylene carbonization over the EG/Fe composite follow-
ed by heat treatment at 500 °C in air atmosphere brought about
the formation of carbon layer in which carbon fibers are the
main component. The SEM images show a characteristic
tangle of carbon fibers varying in their length and diameter.
Among the carbon fibers shown in Fig. 2b—c, one can also
find the fibers of diameter expressed in nanoscale. White
points seen at the end of fibers structure likely correspond to
the existence of iron particles playing a role of catalyst during
the acetylene carbonization. The occurrence of catalyst parti-
cles within the outer part of synthesized fibers suggests that
the process of fiber growth proceeds through its cracking,
followed by its diffusion, and finally precipitation at the
opposite part of catalyst [16]. This may be an explanation
why the remaining Fe catalyst occupies the outer regions of
synthesized carbon fibers.

Study of electrochemical properties of EG/Fe,Os/C composite

Electrochemical properties of EG/Fe,O;/C were studied by
cyclic voltammetry method using 0.5 M solution of KOH as
an electrolyte. Cyclic voltammograms (CVs) recorded in the
potential range —1.25«50.0 V with scan rate 0.1 mV s ' are
plotted Fig. 3. The CVs clearly indicate that the Fe,O3 com-
ponent of EG/Fe,O3/C composite is accessible to the electro-
lyte thereby enabling redox reactions with its participation.

Table 1 The results of EDS

analysis Element Sample EG/Fe/C (at.%) Sample EG/Fe,05/C (at.%)  Sample EG/Fe,O5/C-E (at.%)
Sample before heat Sample after heat Sample after heat treatment
treatment at 500 °C inair  treatment at 500 °C in air at 500 °C in air and after
electrochemical measurement
(3 cycles —1.5-0.0 V with
scanrate 0.1 mV s ' in 0.5 M KOH)
C 98.68 96.00 95.47
O - 2.61 2.85
Fe 1.32 1.39 1.63
K - - 0.05
O:Feratio — 1.90 1.75
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Fig. 1 XRD pattern for EG/Fe,O5/C

During the anodic polarization one can observe current peak
a; at—0.76 Vin response to the previously performed cathodic
reduction illustrated by the cathodic peak (¢;") appearing at
the potential of —1.15 V. The details of peaks positions as well
as current charges are given in Table 2. The considered pair of
peaks can be ascribed to the redox reactions which proceed
according to Eq. 119, 24, 26].

Fe(OH), + OH =FeOOH + H,0 +¢ (1)

The asymmetric shape of the anodic peak allows us to infer
that it most likely has contributions from the oxidation of
Fe(Il) to Fe(Ill) and also from oxidation of metallic Fe to
Fe(OH), (Eq. 2). The obtained results therefore well agree
with those reported by Hang et al. [19].

Fe + 20H —Fe(OH), + 2¢ (2)

This electrochemical feature well agrees with the results
reported by Hang et.al. [19]. A small anodic peak (peak a,)
seen in Fig. 3 at —0.94 V for the second and third cycle
probably also corresponds to oxidation of metallic Fe to
Fe(OH),. According to some authors, the considered transfor-
mation proceeds through the intermediate step in which the
generation of intermediate product Fe(OH), takes place
(Eq. 3). Within the subsequent step, Fe(OH), undergoes oxi-
dation to Fe(OH), (peak a;) according to the Eq. 4 [19, 24]

Fe + OH —[Fe(OH),], +¢ (3)

[FG(OH)Q]a + OH —Fe(OH), +¢ (4)
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Fig. 2 SEM micrographs for EG/Fe,05/C
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Fig. 3 Voltammetric curves for EG/Fe,05/C electrode recorded in 0.5 M

KOH within the potential range —1.25+50.0 V and with scan rate
0.ImVs"

Note that electrochemical behavior of examined com-
posite during cathodic polarization is considerably changed
after the first cycle. Cathodic peak (¢;") being the only
cathodic peak on CV recorded for the first cycle, upon
cycling splits into two separated effects ¢; and ¢, (Fig. 3)
(Table 2). It cannot be excluded that during the first cycle,
the signal associated with the reduction of Fe(IIl)— Fe(II)
overlaps with that corresponded to Fe(II) - Fe transforma-
tion. In consequence, on CV recorded for the first cycle
appears a broad cathodic peak ¢;". On cycling, the peaks
arising from above mentioned reactions become separated.
The reduction of Fe(OH), to Fe is depicted as a cathodic
wave (¢,) (much more visible for the third cycle), whereas
the Fe(Ill) > Fe(Il) transformation is represented by the
well-defined peak denoted as ¢;. The significant changes
in electrochemical features of EG/Fe,05/C observed after
the first cycle can be tentatively explained by the differ-
ences in Fe forms which are taking part in the electrochem-
ical processes. The abovementioned hypothesis is partially
confirmed by the investigations on electrochemical behav-
ior of graphite intercalation compounds with Fe ions re-
ported by Skowronski and Urbaniak [24].

It is worth to note that the intensity of cathodic peak ¢,
gradually decreases on cycling, whereas the intensity of an-
odic peak a; increases (Table 2). Such a feature may indicates
that the amount of Fe(OH), undergoing electrode reactions
significantly enhances on cycling. On the other hand, the
increment in intensity of peak a; may be also explained by
the enhanced efficiency of Fe formation during the preceded
cathodic reduction of Fe(OH), to metallic Fe (peak ¢,). We
assume that in the first polarization cycle the amount of
metallic Fe is lower in comparison to Fe formed during the
cathodic polarization of second and third cycles. Owing to this
behavior, the higher amount of metallic Fe may undergoes
oxidation to Fe(OH),, which is illustrated by the increase in
intensity of peak a;. The abovementioned explanations are in
consistency with the assumption that peak a; corresponds to
both oxidation of Fe(Il)— Fe(IIl) and Fe— Fe(1I) [19].

Much more valuable information on the electrochemical
behavior of EG/Fe,03/C can be gained from the electrochem-
ical investigations, in which the potential range was extended
towards the more negative potentials ensuring deep cathodic
reduction of investigated composite electrode.

Cyclic voltammograms for EG/Fe,05/C composite record-
ed in 0.5 M KOH within the potential range —1.5+>0.0 V with
scan rate 0.1 mV s ' are plotted in Fig. 4. As can be seen, the
curves significantly differ compared to CVs recorded within
the narrow potential range (Fig. 3). The most pronounced
difference is associated with the appearance of coupled redox
peaks arising from the redox transitions of Fe<«> Fe(Il). For the
first cycle, a broad cathodic peak attributed to Fe generation
(c2") is observed at the potential of —1.28 V (see Table 3).
After the reversal of polarization, anodic peak (a,) of Fe
oxidation to Fe(OH), can be seen at around —0.91 V. For the
first cycle, the CV also involves pair of redox peaks being
attributed to Fe(IT)«> Fe(IIl) transformation (¢;"and a,). It is
worth to note that an extension of potential range causes the
changes in electrochemical behavior of EG/Fe,O5/C exhibited
during the successive scanning. Cathodic peak of Fe forma-
tion (c,) has a much more defined shape and is of a 0.13 V
shifted towards the less negative potentials compared to the
first cycle (peak ¢,”). Simultaneously, the maximum of ca-
thodic peak arising from the reduction of FeOOH to Fe(OH),

Table2 The location and current charges of peaks for EG/Fe,05/C electrode recorded during the measurement conducted in 0.5 M KOH in the potential

range —1.25+0.0 V with scan rate 0.1 mV s~

Cycle Peak charges (C) Peak position (V)

Fe/Fe(Il) peak a; Fe(Il)/Fe peak ¢; Fe/Fe(Il) peak a; Fe(I)/Fe peak ¢; Fe(II)/Fe(III) peak a, Fe(IlT)/Fe(1l) peak ¢,
1 2.73 2.5° —0.76 -1.15° - -

2.95 1.96 -0.75 -1.09 -0.94 -1.18

3.14 1.53 -0.74 -1.07 —0.94 -1.17

2For the first cycle the marked peaks are denoted in Fig. 3 as ¢;”
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Fig. 4 Voltammetric curves for EG/Fe,05/C electrode recorded in 0.5 M
KOH within the potential range —1.5<0.0 V and with scan rate
0.lmvs!

(cy) shifts towards the less negative potentials. However, the
location of anodic peaks corresponded to oxidation reactions
of Fe/Fe(Il) (a;) and Fe(Il)/Fe(1ll) (a,) remains almost un-
changed for the second and third cycle but its intensity as well
as current charges are changed (Table 3). Additionally, anodic
peak associated with the Fe(OH),—FeOOH reaction (a;)
becoming more irregular and asymmetric during the second
and third cycle. Such a behavior allows us to infer that it most
likely has contributions from the oxidation of Fe(I) to Fe(III)
and also transformation of intermediate Fe(OH), into Fe(OH),
(Egs. 3 and 4) [19, 24]. This hypothesis is supported by the
discrepancy in current charges of coupled redox peaks a;/c;
(Table 3). For ideally reversible system, the regarded relation
should be similar. For the EG/Fe,05/C composite, the current
charge registered for peak ¢, is considerably lower compared
to charge for peak a;.

Some valuable information on the chemical composition of
the investigated composite due to its electrochemical treat-
ment are acquired from the EDS analysis. After electrochem-
ical investigation performed through 3 cycles in potential
range —1.50.0 V with scan rate 0.1 mV s ' in 0.5 M
KOH, the sample EG/Fe,05/C was subjected to EDS analysis
(see Table 1). The deep cathodic reduction of EG/Fe,05/C

performed under potentials of rapid hydrogen evolution
brought about an increase in amount of Fe and O instead of
C component. Due to interactions between intensively liber-
ating hydrogen and EG/Fe,O;/C, the C layer becomes more
porous, thereby enabling the penetration of electrolyte mole-
cules to active Fe,Os. It cannot be excluded that interactions
ofactive hydrogen with the EG/Fe,O3/C composite modify its
chemical composition, most likely by incorporation of K ions.
The formation of such species within the considered compos-
ite may be partially proved by EDS analysis revealing the
appearance of K atoms as well as increased amount of oxygen.
As an additional result of cathodic treatment of EG/Fe,O5/C,
the Fe/O ratio decreased. Such a behavior may indicate the
partial transformation within the iron oxide (see Table 1).

The strength and results of interactions of active hydrogen
with the EG have been investigated in our previous work [27].

To understand the influence of scan rate on electrochemical
features of EG/Fe,O5/C, the additional measurements under
two different scan rates were undertaken. Figure 5 displays
CVs for EG/Fe,05/C composite recorded in 0.5 M KOH in
potential range —1.5+0.0 V using scan rates of 1.0 and
10 mV s '. Taking into account the fact that during the
previous measurements within the initial cycles, the investi-
gated composite exhibited significant electrochemical insta-
bility demonstrated by some potential displacement, for the
present investigations, only the third cycles were selected. To
facilitate the comparison, curve for the investigated composite
recorded during the third cycle with scanning equal to
0.1 mV s ! was added to the regarded figure. As it was
expected, the increased scan rate caused considerable en-
hancement in current charges which is accompanied by the
significant shift of peaks location. The scale of these chang-
es strongly depends on the type of regarded reaction. The
most pronounced increase in intensity with simultaneous
significant potential shift is noted at sweep rate of
10 mV s™! for the pair of peaks ascribed to the redox
reactions Fe(II)«»>Fe(Ill) (¢; and a;). Such a behavior al-
lows the assumption that under such conditions of
voltammetric investigations, the compromise between the
scan rate and diffusion of electrolyte through the carbon
layer of EG/Fe,O5/C composite is reached.

Table3 The location and current charges of peaks for EG/Fe,05/C electrode recorded during the measurement conducted in 0.5 M KOH in the potential

range —1.5<>0.0 V with scan rate 0.1 mV s~

Cycle Peak charges (As) Potential position (V)
Fe/Fe(Il) Fe(Il)/Fe Fe(I)/Fe(I1T) Fe(IIl)/Fe(1T) Fe/Fe(Il) Fe(Il)/Fe Fe(II)/Fe(III) Fe(IIT)/Fe(11)
peak a, peak ¢, peak a, peak ¢, peak a; peak ¢; peak a, peak ¢,
2.59 3.18* 1.60 0.82° -0.73 -1.12% —0.91 —-1.28%
1.65 1.48 1.17 1.46 -0.73 —1.04 -0.9 -1.15
1.13 1.08 0.54 0.84 —0.69 -1.03 -0.9 -1.14

#For the first cycle the marked peaks are denoted in Fig. 4 as ¢, and ¢,”, respectively
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Fig. 5 Comparison of voltammetric curves for EG/Fe,O3/C recorded
during the third cycles in 0.5 M KOH within the potential range —1.5—
0.0 V with scan rates 0.1, 1.0, and 10 mV s !

The intensity as well as current charge of peaks associated
with redox reactions of Fe<«> Fe(Il) (¢, and a,) for the scan rate
of 1.0 mV s are very closed to that noted for scanning equal
to 0.1 mV s, simultaneously being considerable lower com-
pared to that recorded at scan rate 10 mV/s. It indicates that
during the measurements performed with scan rate of 0.1 and
1.0 mV s, the comparable amounts of Fe reactant are taking
part in the redox reactions.

The most important feature of the EG/Fe,05/C caused by its
deep potentiodynamic reduction performed with scan rates 1.0
and 10 mV s~ ' seems to be the appearance of anodic current
peak as. Its potential location (—1.03 and —0.95 V for the scan
rate 1.0and 10mV s ', respectively) justify the assumption that
it likely arises from the oxidation of hydrogen. The appearance
of the regarded peak suggests that during the preceded cathodic
polarization, the sorption of hydrogen onto EG/Fe,O5/C takes
place. The presence of a similar anodic peak is reported by
Hang et al [19]. As opposed to our investigations, peak of
hydrogen oxidation appears on CVs when the KOH electrolyte
was modified by addition of K,S and the FeS was inserted into
the electrode material (Fe/C) [19]. In our researches, no addi-
tives were used to modify both KOH electrolyte and electrode
material. At this stage of investigations, it is difficult to give
entire explanation why the mentioned reaction of hydrogen
oxidation (peak a3) can be observed only under increased scan
rates. One of the possible explanations is that during the slower
scanning, the adsorbed hydrogen is released from the EG/
Fe,O5/C after the reversal of polarization at —1.5 V.

Conclusion

The obtained results disclosed that the electrochemical prop-
erties of EG/Fe,O5/C composite exhibits high electrochemical

activity towards the redox reactions of Fe ions as evaluated by
cyclic voltammetry in alkaline electrolyte. As evidenced by
the SEM observations, the outer part of EG/Fe,O3/C is mainly
composed of carbon fibers of different length and diameter
including carbon nanofibers. The XRD and EDS analysis
revealed that due to thermal treatment at 500 °C in air, the
Fe component of the investigated composite exists in form of
Fe,0;. Electrochemical features of the examined EG/Fe,O5/C
was found to be strongly depended on the potential range and
scan rate of voltammetric measurements. The dominate elec-
trode effect of the investigations carried out in the potential
range —1.25-0.0 V appears to be an occurrence of coupled
redox peaks corresponded to Fe(OH), <> FeOOH transforma-
tion. The extension of potential range to —1.5«>0.0 V brought
about an appearance of additional pair of peaks assigned to
redox reactions of Fe<>Fe(OH),. This effect indicates that
owing to deep cathodic reduction of EG/Fe,03/C, it is possi-
ble to separate the signals arising from the redox reactions of
Fe—Fe(Il) and Fe(Il) > Fe(Ill). The electrochemical mea-
surements realized under increased scan rate also revealed
an appearance of anodic current peak attributed to oxidation
reaction of hydrogen. It is worth to note that abovementioned
effect was achieved without any modification of electrolyte or
electrode material.

To acquire the comprehensive information on the compo-
sition of carbon component of EG/Fe203/C, the structural
investigations are planned. For better understanding the mech-
anism of electrochemical reactions especially between active
hydrogen and the surface of composite, additional investiga-
tions involving detailed analysis of changes within the prop-
erties and composition of EG/Fe,O3/C created during its
electrochemical investigations are necessary.
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