H19 B 1M SUR I R Vol.19 No.1

2019 £ 2 H The Chinese Journal of Process Engineering Feb. 2019
iﬁm{sﬁgw e AT, ; 5
:} FE5ITZ %; DOI: 10.12034/j.issn.1009-606X.218214
o Y 2t

Preparation of porous Ni—Fe—Sn electrode by electrodeposition and its
electrocatalytic behavior of oxygen evolution

Ying GAO"?, Yihui WU!, Lianke ZHOU!, Chunsheng MA'

1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha, Hunan 410083, China
2. Beijing Sinoma Synthetic Crystals Co., Ltd., Beijing 100018, China

Abstract: Oxygen evolution reaction (OER) is

one of the core reactions in the field of |'—‘ I'_‘I

electrochemistry and subjected to a lot of studies

for many years. But it is still one of the most | E"’;‘lrg‘:eé’l‘:i:;l‘;’;‘ of g

complicated electrochemical processes and of

practical  importance.  Specifically,  the |:>

development of efficient and low-cost non- :E?Z:: N

precious catalyst for the OER is still a key Soml NicFe.Sn
challenge for the renewable energy research Zop [ Cutel j
community. In this study, electrodeposited ?:)

porous nickel—iron—tin (Ni-Fe-Sn) alloy on Cu  Nij plate Cu foil g TR
foil as an efficient OER electrocatalyst in Potential/V (vs. RHE)

alkaline medium was introduced. The obtained alloy was analyzed by scanning electron microscopy (SEM) with energy
dispersive spectroscopy (EDS), X-ray diffraction (XRD), respectively. The OER electrocatalytic performance of Ni—
Fe—Sn alloy was investigated by linear sweep voltammetry (LSV), cyclic voltammetry (CV), electrochemical
impedance spectroscopy (EIS), and chronoamperometry (CP) in 30wt% KOH solution. In addition, the Ni-Fe—Sn alloy
was further tested as anodes for alkaline water electrolysis during at least 12 h with good stability. The results showed
that the obtained Ni—Fe—Sn alloy was composed of Ni3Sn, and FeNis phases. The EDS result of Ni—Fe—Sn alloy showed
the existence of three elements (Fe, Ni and Sn). SEM images displayed that the surface of the Ni—-Fe—Sn alloy had
porous structure, which provided more active sites for the OER. OER measurements demonstrated that the Ni—Fe—Sn
alloy was highly effective for the OER with a low overpotential of 261 mV to reach 10 mA/cm? and a small Tafel slope
of 69.9 mV/dec. The excellent electrocatalytic activity, long-term stability and facile preparation method enabled Ni—
Fe—Sn alloy to be a viable candidate for its widespread use in various water-splitting technologies. The better OER
activity of Ni—Fe—Sn alloy in comparison to Ni—Fe alloy originated from higher electrochemical active surface area
(ECSA) and the improved mass/electron transport capability due to synergetic effect between Ni, Fe and Sn.
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Table 1 Formulation of alkaline degreasing

NaOH N33PO4' 12H20 N32C03 NazSi03
15 60 25 15

Agent
Concentration/(g/L)

2.3.2 BRI T2 %A

K FH S BH AR SR B AR Ak RTEAR TE R T & A Ni-Fe—Sn
A4, BEWR T N: 100 g/L NiSO46H0, 25 g/L
FeSO47H,O, 10 g/L SnCl,-2H,O, 20 g/L H3;BO;, 35
g/L NaCl f 70 g/L Na3C¢HsO7-6H,O, pH {E 7y 4.0. HL
PURL I L 35 B O 20 mA/em?, RN 40°C, (AN
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60 min. AR LB FRMETE, BRETES
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2.4 AEHERAIYIIRMEREFIEB 1L M RE
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Fig.1 XRD patterns of Ni-Fe—Sn and Ni—Fe alloys
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Fig.2 EDS spectrum of Ni—-Fe—Sn electrode
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Fig.3 SEM images of Ni-Fe and Ni—Fe—Sn electrodes
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Fig.4 Polarization curves of the Ni-Fe—Sn and Ni—Fe alloy electrodes in 30wt% KOH solution at 25°C and
the corresponding Tafel curves of the electrodes
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Fig.5 Cyclic voltammograms and difference of current density between anode and cathode of alloy electrodes
under different scan rates
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Table 2 The real areas and roughness factors of the electrodes

Electrochemical
ectrochemica Electrochemical

Alloy electrode do:gz;li?})]/er surface area, szztgolin;s?
ECSA/cm? > Y
Caf(mF/cm?) CSA/em
Ni—Fe—Sn 30.46 1523 1523
Ni—Fe 1.84 92 9
(b)
Rs Cal
N m
RCI

6 Ni—Fe—Sn Al Ni—Fe % ¥ 52 it BHA7 1 48 25 FRL %
Fig.6 Impedance spectra of Ni-Fe—Sn and Ni—Fe electrodes and electric equivalent circuit
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Table 3  EIS fitted parameters of the electrode equivalent circuit

Solution Charge transfer Double-layer
Electrode resistance, resistance, capacity,
RJ/(Q/cm?) R./(Q/cm?) Cy/(mF/cm?)
Ni-Fe 1.765 3.97 24.6
Ni—Fe—Sn 0.302 1.06 5.72
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Fig.7 Galvanostatic electrolysis curve of Ni-Fe—Sn electrode in
30wt% KOH solution
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