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Abstract: In this study, we investigated the oxygen evolution reaction (OER) characteristics of Ni–
Zn–Fe electrodes by varying plating current density and Ni:Fe ratio in a plating bath. The activity 
of the OER increased up to the plating current density of 160 mA/cm2, as the Fe content of the de-
posited electrode increased and electrochemical surface area (ECSA) increased after Zn dealloying. 
However, for the plated electrode with higher than 160 mA/cm2 of current density, the change in 
composition caused by underpotential deposition led to decreased activity due to decreasing Fe 
content and diminishing Zn dealloying. Moreover, when the Ni:Fe ratio in the plating bath was 
varied, outstanding OER activity was observed at Ni:Fe = 2:1. When the Fe content of the bath in-
creased beyond this ratio, Fe could not restrain Ni oxidation and formed Fe oxides in OER reaction, 
and oxygen vacancy decreased. These caused a degradation of the OER activity. 

Keywords: hydrogen; alkaline water electrolysis; oxygen evolution reaction 
 

Citation: Lee, S.-h.; Kim, J.E.; Joo, H.; 

Park, C.-s.; Jeong, S.-u.; Jung, K.; 

Kim, Y.-h.; Kang, K.-s. Effect of  

Plating Variables on Oxygen  

Evolution Reaction of Ni–Zn–Fe  

Electrodes for Alkaline Water  

Electrolysis. Catalysts 2022, 12, 346. 

https://doi.org/10.3390/catal12030346 

Academic Editors: David Sebastián 

Received: 24 January 2022 

Accepted: 15 March 2022  

Published: 18 March 2022 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/). 



Catalysts 2022, 12, 346 2 of 5 
 

0.3 0.4 0.5 0.6 0.7

0.00

0.05

0.10

0.15

0.20
 Bare Ni
 80 mA/cm2

 160 mA/cm2

 240 mA/cm2

 320 mA/cm2

C
ur

re
nt

 d
en

si
ty

 [ 
A

/c
m

2  ]

E [ V vs Hg/HgO ]

0.0 0.1 0.2 0.3 0.4
 η [ v ]

 
Figure S1. I-E curves (LSV) of electrodeposited Ni-Zn-Fe on Ni foam prepared with different current densities and bare 
Ni (Condition: scan rate = 0.1 mV/s, temperature = 25 ℃, KOH = 1 M, bath = E). 
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Figure S2. Composition of electrodeposited Ni Zn–Fe on Ni foam with different current densities after dealloying [atomic 
%] bath (E) 
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Figure S3. Plots of scan rates vs. double layer charging current density of the electrodes, electrodeposited with a varying 
current density of 80, 160, 240, and 320 mA/cm2 
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Figure S4. Electrochemical capacitance of the electrodes electrodeposited with different current densities (80, 160, 240, and 
320 mA/cm2). 

The electrochemical surface area (ECSA) of the electrode was calculated based on the 
CV result for the electrical double layer. The charging current of the double layer can be 
calculated based on the current obtained using CV by varying the scan rate. i = 𝑑𝑄𝑑𝑡 = 𝑑𝑄𝑑𝐸 · 𝑑𝐸𝑑𝑡 = 𝐶 · 𝑣 (1)

where i is the current, dQ is the charge variation in the unit of C, dt is the time varia-
tion in the unit of sec, v is the scan rate, and C is the electric charging amount of the 
double layer. 


