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In this work, we describe a simple electrochemical procedure for synthesis of structured copper (I1) oxide
(CuO) films on copper (Cu) substrate for the reduction of hydrogen peroxide (H202). Films are grown
in a single step by direct electrochemical oxidation of Cu foil from a solution of 5 M KOH using cyclic
voltammetry method. Scanning electron microscopy images reveal that CuO is uniformly grown on the
surface of the substrate and presents a lawn-like microstructure. Electrocatalytic activity of the electrode
toward hydrogen peroxide reduction is investigated by cyclic voltammetry and chronoamperometry in
3.0 M KOH solution. The prepared electrode exhibits remarkable catalytic activity, good reproducibility
and stable electrochemical response.
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1. INTRODUCTION

Hydrogen peroxide (H20.) is an important chemical species in various fields such as
environmental science, clinical diagnostics, food processes, chemical industries and biochemistry [1, 2].
Recently, H.O> has been recognized as an alternative oxidizer in fuel cells instead of oxygen,
particularly, for several types of low temperature liquid-based fuel cells, including direct
hydrazine/hydrogen peroxide fuel cell [3], direct borohydride/hydrogen peroxide fuel cell [4], direct
formic acid/hydrogen peroxide fuel cell [5] and biofuel/hydrogen peroxide fuel cell [6]. In comparison
with oxygen, H202 has many advantages: (i) H202 has high electrochemical reactivity [7]. (ii) Its
electroreduction is kinetically faster than O electroreduction since it has a much lower activation barrier,
and, moreover, it takes place via a two-electron transfer process and therefore more efficient [8, 9]. (iii)
H20- is used in liquid phase and thus handled and stored more easily. (iv) The electromotive force (EMF)
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of the fuel cell using H20: as the oxidizer was experimentally proved to be much higher than that using
O as the oxidizer [10]. (v) Finally, the fuel cell using H20- is more compact in size [11].

In recent years, in order to efficiently achieve H20> reduction, intensive research effort has been
put into the design of novel electrocatalysts. The available literature suggests that three types of
electrocatalysts have been mainly investigated for this purpose: (i) enzymes, such as peroxidase [12];
(i) noble metal catalysts, such as Pt, Au, Ag and Pd and their combinations [13-15]; and (iii) macrocycle
complexes of transition metals, such as Co-porphyrin and Cu-triazine complexes [16, 17]. Enzymes
exhibit biocompatibility and high activity for H.O> electroreduction, but unfortunately, they frequently
show relatively low chemical and thermal stability, which restricts their conditions of use. Noble metals
are the most effective catalysts for H2O. electrooxidation and electroreduction; however, they also
catalyze the decomposition of H.O> to O». Besides, they are relatively scarce and thus expensive, which
hinder their use, particularly, for large-scale applications. Macrocycle complexes of transition metals
suffer the drawback of inferior catalytic activity and instability in high concentrations of H.O..
Consequently, it is still of interest to develop alternate materials, in a cheap and effective way, for H20-
electroreduction. Among the possible candidates to mitigate the mentioned drawbacks, transition metal
oxides, such as copper, cobalt and ferric oxides, have captured considerable interest because of their
variety of structures and properties, wide availability, low-cost and high electrochemical performances.
In addition, the use of these oxides can prevent any surface oxidation of the electrode owing to their very
good chemical stability, and it can also minimize the chemical decomposition of H202 on the electrode
surface [18].

As part of our ongoing efforts to develop low-cost non-noble metal catalysts, we have already
demonstrated in our previous work [19] the activity of copper films with granular structure and
highlighted its competitiveness for the oxidation of formaldehyde in alkaline medium; herein, we report
in the same way an easy electrochemical approach to prepare microstructured CuO films supported on
Cu substrate for H.O> electroreduction. Electrochemical experiments revealed that the obtained CuO/Cu
electrodes exhibited excellent catalytic performance and good stability towards H>O> electroreduction
in alkaline medium.

In our study, however, we prepared our electrode material, using a simple deposition procedure,
with the aim of using it as an alternative cathode catalyst to replace noble-metal catalysts commonly
used in current fuel cells. And, we think that this study contributes a little to improving the use of fuel
cells by using simple and available methods to develop active and less-expensive catalysts. We add that,
in future activities and as part of our research in the field of fuel cells, this electrode material will be
examined as a cathode catalyst in a fuel cell system with other less-expensive catalysts prepared by
similar methods.

2. EXPERIMENTAL

2.1. Experimental details

CuO films were obtained from an aqueous solution of 5 M KOH (>99.0%) at room temperature
(2520.5 C°) using a VoltaLab PGZ 301 potentiostat-galvanostat in three-electrode cell. A platinum wire
and a saturated calomel electrode (SCE) were used as the counter and the reference electrode,
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respectively. All potentials were referred to the SCE. Copper (Cu) foil (99.99% in purity) of 1 cm? area
was assembled as the working electrode and was used as substrate for the preparation of our electrode.

Before the electrochemical growth of CuO films, the Cu foil was first properly degreased in
acetone for 5 min and then well rinsed with distilled water. Next, the cleaned Cu substrate was etched in
a solution of 2 M hydrochloric acid (HCI) for 10 min and then rinsed several times with distilled water.
This treatment aims to ensure strong adhesion and continuity of the oxide film. Afterward, the treated
Cu foil was transferred to the electrochemical cell and used as working electrode to undergo the
oxidation process. After the electrochemical reaction, the sample was finally removed from the solution,
rinsed thoroughly with distilled water, and then allowed to air dry.

The surface morphology of the prepared electrodes was observed by a JEOL JCM-5000 scanning
electron microscope. The crystallinity and crystal phase of the samples were examined using a Bruker
D8 Advance X-ray diffractometer operating with high-intensity Cu (Ka) radiation source (A = 1.5406
A). The XRD patterns were obtained at 20 = 30-100°. The electrocatalytic activity of the samples toward
H>0O> reduction was investigated at room temperature using cyclic voltammetry and chronoamperometry
techniques in 3 M KOH solution.

3. RESULTS AND DISCUSSION

3.1. Electrochemical preparation of CuO films

Figure 1 shows cyclic voltammogram recorded on Cu foil in 5 M KOH supporting electrolyte.
The potential was swept between -375 to 0.0 mV in the anodic direction starting from the equilibrium
potential of the electrode. The scan potential rate was 10 mV/s. At negative potentials of about -375 mV,
no oxidation current was observed, suggesting that the electrode surface is free of oxide. However, as
the electrode potential is scanned into the positive direction a sharp anodic peak around -215 mV (SCE)
corresponds to the formation of CuO directly from Cu (Reaction 1) [20]. The beginning of the current
increase was detected at -340 mV vs. SCE, which is characteristic of the over potential oxidation reaction
of Cu electrode [21].

Cu + 20H" — CuO + H,0 + 2¢" (1)
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Figure 1. Cyclic voltammogram recorded on Cu foil electrode in 5 M KOH electrolyte solution. Scan
rate = 10 mV/s.

3.2. Characterization of CuO/Cu

Figure 2 shows the XRD patterns at room temperature for the Cu foil before and after
electrochemical oxidation. For both samples, the intense diffraction peaks appeared at 26 values of
43.38°,50.42°, 74.2°,90° and 95.2° correspond respectively to the diffraction planes (111), (200), (220),
(311) and (222) of the copper face-centered cubic (fcc) structure. [22].
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Figure 2. X-ray diffraction patterns for Cu foil and CuO/Cu. The surface morphology of the Cu foil
before and after the formation of CuO is presented in
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Figure 3. SEM micrographs of Cu foil surface: (a) before and (b) after growth of CuO film. Inset shows
magnified image (x16000) of CuO film.

The XRD pattern of the oxidized Cu foil shows three additional diffraction peaks located at 20 =
36.4°, 38.8° and 61.7° which can be indexed respectively to the (002)-(111), (200)-(111) and (113)
planes of CuO monoclinic phase [20,23,24,25,26,27]. So, it can be concluded that the synthesized
deposit is composed of CuO with monoclinic phase. The absence in the spectrum of other peaks related
to other phases and impurities indicates the phase purity of CuO deposit. The broadening of CuO
diffraction peaks is an indication of the presence of nanoscale crystallites. The mean crystallite size was
found to be ~ 10 nm, using Scherrer's formula.

Figure 3 The SEM image of unmodified Cu foil has been recorded to compare its morphology
and roughness with the surface of CuO/Cu electrode. Figure 3 (a) demonstrates the smooth texture of
the unoxidized Cu foil. Figure 3 (b) clearly reveals that the oxidized sample gets completely covered by
a homogenous and dense layer with a lawn-like microstructure. Interestingly, it can be seen from the
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high-magnification view in the inset image in Figure 3 (b) that the formed CuO layer consists of an
assembly of lots of needles (average length = 0.7-1 um) of copper oxide that appear somehow randomly
distributed over the entire surface of Cu foil. It is well established in literature that this type of growth
of oxide enables the surface of the electrode to be highly accessible to the reactants and therefore
increases the reactivity of the electrode for H20- electroreduction.

3.3. Electrocatalytic reduction of H20>

Figure 4 shows cyclic voltammograms of CuO/Cu electrode recorded in 3 M KOH electrolyte in
the absence and presence of different concentrations of H2O.. The electrode potential was swept at 10
mV/s scan rate in the potential range varying from -100 to -600 mV. In the absence of H20O, it can be
seen that no noticeable change in the current was observed over the entire potential range, indicating that
no characteristic behavior was occurred on the electrode surface. In contrast, by adding H2O into the
solution, a very important increase of the reduction current was recorded during the cathodic scan at
potential value of -350 mV corresponding to the catalytic reduction of H.O which follows a two-proton
and two-electron reaction (Eqg. 2).

H,0; + 2H* + 2" — 2H.0 (2)

In figure 4, awave appears at ~ -125 mV it due probably to oxygen dissolved. The H20 reduction
peak is characterized by a large current density and low potentials, around — 0.3 V (SCE) which confirms
that CuO layer, a good catalyst for the reduction of hydrogen peroxide when compared to different
electrodes used for the reduction of H20; [20,28,29,30]. As can be seen that the cathodic currents are
much larger in the presence of H.O; than that without H2O5, and the currents increase with the increase
of H20- concentration up to 0.4 M (Fig. 4). This demonstrated that electroreduction of H.O> occurred
on the CuO/Cu electrode. In addition, the cathodic current related to the hydrogen evolution reaction
(HER) is observed at around -600 mV which is efficiently cathodic to enable the reduction of H2O>
without hydrogen evolution competition.

Figure 4 shows the cyclic voltammetric responses of the CuO/Cu electrode to various
concentrations of H.O2 in 3 M KOH solution. As seen from this figure, the reduction peak current density
increases gradually as the concentration of H2O> increases. This indicates a typical electrocatalytic
behavior of the CuO/Cu electrode towards the reduction of H202, and suggests that the use of high
concentrations of H2O> (of about 0.4 M) will boost the electrode performance when used as cathode for
fuel cells using H20- as oxidant.
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Figure 4. Cyclic voltammograms recorded on CuO/Cu electrode in 3 M KOH solution: in the absence
and presence of three different concentrations of H20,. Scan rate = 10 mV/s.

3.4. Stability of the CuO/Cu electrode

The stability of CuO/Cu electrode for H2O: electroreduction was studied by chronoamperometry.
Figure 5 shows chronoamperometric curves of H20: electroreduction on the CuO/Cu electrode at
different constant potentials in 3 M KOH + 0.4 M H20: solution. The potentials were chosen in the
active region from open-circuit potential (OCP) to the peak potential according to the cyclic
voltammograms in Fig. 4. It can be clearly seen that by applying constant potentials to the electrode, the
current densities associated with the electroreduction of H20> reached stationary state rapidly and
showed no sign of decrease during the test period, which indicates that the CuO/Cu foil electrode
possesses a good stability for catalyzing H.O> electroreduction.
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Figure 5. Chronoamperometric curves for H>O; electroreduction on the CuO/Cu electrode at various
constant potentials. Electrolyte: 3 M KOH + 0.4 M H20..

4. CONCLUSION

In this work, structured CuO film was successfully grown on Cu foil by a simple electrochemical
procedure and investigated as a catalyst for H202 reduction in alkaline medium by cyclic voltammetry
and chronoamperometry.
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