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1.Introduction
Over the last decade, the interest towards green hydrogen has drastically increased due to need for the global decarbonization of energy processes. Green hydrogen is obtained by water electrolysis using the electricity obtained only from renewable sources [1]. It is considered one of the best vector energy in terms of environmental sustainability but it is not yet cost-competitive [2]. Nowadays, the research is focused on improving the Alkaline Water Electrolysis (AE) to reduce the cost of hydrogen produced. In this frame, the development of more efficient electrolyzers with low-cost electrode-electrocatalyst materials can play a key role [3]. The eligible materials must have some fundamental characteristics, such as good electrocatalytic properties, high conductivity, high availability, low cost, and good chemical stability. In alkaline environment, transition metals, in particular the iron group elements, are the most suitable electrocatalyst for hydrogen evolution reaction (HER) [4]. In this work, we have studied the electrochemical fabrication of electrodes of nickel-zinc alloys with nanowires morphology to use for the hydrogen evolution reaction in alkaline solution and at room temperature.
2. Methods
Ni-Zn nanowires (NWs) electrodes were obtained by template electrosynthesis by means of polycarbonate nanoporous membranes. The NWs were obtained by potential-controlled pulse electrochemical deposition in a solution containing ammonium chloride, sodium acetate, boric acid and different concentration of nickel sulphate hexahydrate and zinc sulphate heptahydrate at pH 5. After NWs deposition, the polycarbonate membrane was etched in chloroform. The performances of the obtained electrodes were evaluated through electrochemical and electrocatalytic tests that were performed in KOH 30% w/w aqueous solution. The tests were performed in a three electrodes cell using as counter electrode a Ni sheet and Hg/HgO as reference electrode. The electrochemical characterization was performed at room temperature and without agitation. The electrodes have been studied morphologically and chemically through scanning electrode microscopy (SEM), Xray diffraction (XRD), and energy dispersive spectroscopy (EDS ). Fabrication methods and characterization are detailed in [5].
3. Results and discussion
NiZn alloys with different composition were obtained by changing the Zn/Ni ratio of the electrodeposition bath. The Zn atomic composition in NWs almost follows the Zn composition in the electrodeposition bath. Morphology of the electrodes consists in ordered arrays of nanowires well anchored to the Ni current collector also obtained by electrodeposition (Figure 1). The electrochemical and electrocatalytic behavior was evaluated by cyclic voltammetry (CV), quasi steady-state polarization (QSSP), galvanostatic-step polarization (GS) and galvanostatic polarization to evaluate the mid-term behavior of nanostructured electrodes. All electrochemical tests show that nanowires with about 44.4% (obtained from an electrodeposition bath containing 50% of the two elements) of zinc have the best performances. Particularly, an overpotential (10) of -0.251 mV was measured while the Tafel's slope is -99 mV/ dec, suggesting that the hydrogen evolution reaction is controlled by the Volmer step. This overpotential value is lower than pure Ni nanowire. NiZn nanowires show also a good stability over time because are able to work at a constant current of -10 mAcm-2 for 18 h without noticeable signs of performance decay.
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Figure 1. SEM images of NiZn nanostructured electrode
4. Conclusions
Template electrosynthesis method was employed for the fabrication of nanostructured NiZn alloys. Electrodes were obtained by pulsed electrochemical deposition and consists of regular arrays of nanowires uniformly distributed on Ni current collector. The alloys composition was controlled by tuning the concentration of Ni and Zn in the electrodeposition bath. The nanostructured NiZn alloy electrodes were tested as cathodes for alkaline electrolyzers in 30% w/w KOH aqueous solution at room temperature. All obtained alloys have good electrocatalytic performance compared to electrodes of pure Ni even if the most promising electrodes are those obtained from electrodeposition bath containing an almost similar concentration of Ni and Zn. In particular, the electrodes containing 44.4% of Zn showed the best performance for HER.
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