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A simple electrodeposition method was used to prepare metallic NiFe on nickel foam(NiFe/NF).
NiFe/NF showed excellent electrocatalytic activities for HER and UOR in an alkaline solution
containing urea. The electrochemically active surface area(ESCA) measurements indicating that
NiFe/NF has an improved ESCA and more active sites. Metallic NiFe can be used as a bifunctional
catalyst for efficient urea oxidation and electrocatalytic hydrogen evolution.
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1. INTRODUCTION

Electrochemical water splitting has a broad prospect in alleviating the global energy crisis [1,2].
Hydrogen produced by water splitting is an alternative to fossil energy[3-6]. Oxygen evolution reaction
(OER), as an important water splitting half-reaction, requires a high overpotential, which seriously
hinders the efficiency of water splitting[7]. To solve this problem, many efforts have been made to
develop highly active catalysts[8]. Some progress has been made, such as increasing the number of
active sites and enhancing the electrocatalytic activity[9-12]. However, the overpotential is still higher
than 0.2 V[13].

Urea oxidation reaction (UOR) is expected to be an anode reaction instead of OER. This is due
to the low decomposition potential (0.37 V) of UOR, cheap raw materials, a wide range of sources, and
nontoxic N2 and CO; produced during electrochemical reactions[14-17]. Therefore, it is necessary to
develop UOR to replace OER. Electrocatalytic UOR usually takes place through the following reaction
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paths: CO(NH2)2 + H2O — N2 + 3Hz + COo.

There are many substances, such as alloys[18], oxides [19, 20], phosphides, and hydroxides [21,
22] have been studied as UOR catalysts. In these electrocatalysts, transition metal Ni and their alloys
have excellent UOR activity[23]. The structure and morphology of nickel play an important role in the
catalytic performance of the material. Increasing the specific surface area of the catalyst by producing
zero- and one-dimensional nickel could enlarge the reaction site and achieve a higher electrochemical
active area[24, 25]. Botte et al.[26] used other metals (Mn, Co, Mo, Zn, Fe) and Ni alloys as
electrocatalysts to improve the electrocatalytic activity of urea oxidation. Because the synthesis methods
of alloy materials are diverse and simple, different metal doping is used to produce more active sites to
reduce the electrocatalytic reaction potential.

In this work, a simple electrodeposition method was used to synthesize metallic NiFe on nickel
foam, which reduced complexity of synthetic process. In alkaline solution, metallic NiFe shows excellent
UOR activity, at the same time, it also shows excellent hydrogen evolution reaction (HER) catalytic
property. Moreover, metallic NiFe is much cheaper than other precious metals. Therefore, Metallic NiFe
can be used as a promising bifunctional catalyst for efficient urea oxidation and electrocatalytic hydrogen
evolution.

2. EXPERIMENTAL

2.1. Reagents and instrumentation

Ferrous sulfate heptahydrate(FeSO4. 7H>0), nickel sulfate hexahydrate (NiSO4. 6H>0), Urea
(H2NCONH») and potassium hydroxide (KOH) were purchased from China Pharmaceutical Group
Chemical Reagents Co., Ltd.

All the electrochemical experiments were performed on a CHI660B electrochemical workstation
(Chenhua Instrument Company of Shanghai, China) with a conventional three-electrode system.

2.2. Preparation of Ni/NF and NiFe/NF

The Ni/NF and NiFe/NF electrodes were prepared through a one-step electrodeposition method.
Before electrodeposition, the Ni foam (NF, 1 cm x 1 cm) was immersed in 3 M HCI solution for 10 min
to remove the surface oxides, subsequently by sonication with ethanol and double-distilled water, then
left to dry in air. The electrodeposition was performed in a three-electrode cell, NF as the working
electrode, a saturated calomel electrode (SCE) as the reference electrode, and Pt as the counter electrode.
For electrodeposition, the electrolytic solutions of 50 mM NiSOs. 6H20 or 25 mM NiSO4. 6H20 and 25
mM FeSO4. 7H>0 was used to prepare Ni/NF and NiFe/NF electrodes. Electrodeposition potential is -
1V and electrodeposition time is 300s. After electrodeposition, the electrodes were carefully cleaned
with double-distilled water and then dried in air.
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2.3. Electrochemical measurements

Electrochemical measurements were carried out on a CHI660B electrochemical workstation
with a conventional three-electrode cell. A platinum plate was used as the counter electrode, an SCE was
employed as the reference electrode, and the as-prepared Ni/NF, NiFe/NF, and bare NF were used as the
working electrode. 1 M KOH solution with and without 0.33 M urea was employed as the electrolytes
during the electrocatalysis. The UOR, OER, and HER measurements were evaluated using linear sweep
voltammetry (LSV) with a scan rate of 5 mV s!. The potentials were calibrated to a reversible hydrogen
electrode (RHE) according to the equation: Erug = Escg + 0.24 + 0.059 pH where pH = 14, Esck is the
measured potential versus SCE. The electrochemically active surface area (ESCA) of electrodes were

calculated to evaluate the electrocatalytic properties by determining the electrochemical double-layer
capacitance (Cdl) from the cyclic voltammetry (CV) curves.

3. RESULTS AND DISCUSSION

3.1. UOR and OER catalytic performance

The UOR catalytic performance of NF, Ni/NF, and NiFe/NF was first evaluated. Figure 1A
shows the typical LSV curves of NF, Ni/NF, and NiFe/NF in 1 M KOH and 0.33 M urea at the potential
scan rate of 5mV s™1. As can be seen from the figure, the bare NF shows inferior UOR activity, the onset
potential is about 1.4 V. Both the Ni/NF and NiFe/NF exhibit superior UOR activity, and the onset
potentials are 1.35 V and 1.3V. The anodic current steep rises with the potential to become more positive.
It is obvious that the current density of NiFe/NF is higher than that of Ni/NF at 1.4 V (vs RHE),
suggesting its more excellent UOR catalytic performance.
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Figure 1. (A) LSV curves of NF, Ni/NF, and NiFe/NF in 1 M KOH and 0.33 M urea at the potential
scan rate of 5mV s, (B) LSV curves of NF, Ni/NF, and NiFe/NF in 1 M KOH without urea.

A very low potential (1.36 V vs. RHE) was required affording the benchmark current density (50
mA cm2). However, the Ni/NF and NF require 1.39V and 1.44 V to achieve the same current density.
The results exhibit the best UOR catalytic activity of NiFe/NF.

The OER catalytic performance of NF, Ni/NF, and NiFe/NF was also evaluated. The oxidation
peak observed at 1.4 V is ascribed to one electron reaction of Ni?*/ Ni**. The OER catalytic activity
was assessed by comparing the main parameter of the overpotential required[27]. Figure 1B shows the
typical LSV curves of NF, Ni/NF, and NiFe/NF in 1 M KOH without urea at the potential scan rate of 5
mV s%. As can be seen in Figure 1B, affording the benchmark current density (50 mA cm2), potentials
of 1.66 V, 1.68V, and 1.71V were required for NF, Ni/NF, and NiFe/NF. The above results indicate that
NiFe/NF has superior OER catalytic performance than those of Ni/NF and NF. For NiFe/NF, the
potentials of 1.36 and 1.66 V were required to afford 50 mA cm for UOR and OER, respectively. The
large gap(0.3V) in potential between UOR and OER suggesting that it is much easier to oxidize urea
than water[28].

3.2. HER catalytic performance

The HER electrocatalytic performance of NF, Ni/NF, and NiFe/NF was evaluated by a typical
three-electrode system at room temperature. Figure 2 shows the typical LSV curves of NF, Ni/NF, and
NiFe/NF in 1.0M KOH and 0.33 M urea.
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Figure 2. LSV curves of NF, Ni/NF, and NiFe/NF in 1.0M KOH and 0.33 M urea.

As can be seen, bare NF required a much higher overpotential to drive the same cathodic
current(10 mA cm2 or 20 mA cm™2). Ni/NF and NiFe/NF exhibited high catalytic activity, indicating
their successful HER catalysis application in the KOH solution. Obviously, the NiFe/NF delivered the
smallest overpotential at the same current densities (10 mA c¢cm™2 or 20 mA cm2). In other words,
NiFe/NF delivered a higher current density at a given potential value(-0.25V).

3.3. Electrochemically active surface area

Electrochemically active surface area (ESCA) was tested to elucidate the high UOR activity of
NiFe/NF. ESCA is an effective parameter which is used to show the catalytic activity of a catalyst. Large
ESCA normally suggests more active sites of a catalyst and improvement of the catalytic activity. The
ESCA of electrodes were evaluated by using the electrochemical double-layer capacitance (Cdl) which
was determined from the CV curves[29]. By plotting the current density versus scan rates, a linear slope
can be obtained, which has a positive correlation with Cdl. Figure 3A-C shows the CV curves of NF,
Ni/NF, and NiFe/NF in 1.0M KOH solution with different scan rates from 10 to 50 mV s?. The
corresponding Cdl of the catalysts were shown in Figure 3D.
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Figure 3. CV curves of (A) NF, (B) Ni/NF, and (C) NiFe/NF with different scan rates from 10 to 50 mV
s, (D) Plots of the corresponding current density against scan rate for NF, Ni/NF, and NiFe/NF.

As can be seen, the Cdl values of the NF, Ni/NF, and NiFe/NF were 16.9, 36.3, and 41.5 mF
cm?, respectively. Thus, NiFe/NF has the highest Cdl value, indicating that NiFe/NF has an improved
ESCA and more active sites than those of NF and Ni/NF.

4. CONCLUSION

In this work, the as-prepared NiFe/NF showed excellent electrocatalytic activities for HER and
UOR in 1.0M KOH and 0.33 M urea. For UOR catalysis, a potential of 1.36 V vs. RHE was required
affording the benchmark current density of 50 mA cm™2 which was lower than those of Ni/NF and NF.
At HER catalysis application in the KOH solution, the NiFe/NF delivered the smallest overpotential at
the same current densities (10 mA cm2 or 20 mA cm™2). For ESCA measurements, NiFe/NF has the
highest Cdl value, indicating that NiFe/NF has an improved ESCA and more active sites than those of
NF and Ni/NF.
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