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According to the European Commission in the recently 

launched Green Deal, there is a need for safe, efficient, 

affordable, and large-scale energy storage applications [1]. 

To sustain energy needs, scientists have developed energy 

storage devices such as lead-acid batteries, lithium-ion 

batteries, sodium-sulfur batteries, Ni-MH batteries, and redox 

flow batteries [2]. Among these batteries, vanadium redox 

flow battery (VRAB) is one of the most promising 

technology for electrochemical energy storage devices. 

Different oxidation steps of vanadium ions (V2+, V3+, VO2+, 

and VO2
+) are used in both cathode and anode reactions. In 

the cathodic reaction, V3+ ion reduces to V2+ ion, which is a 

slow reaction step. Various methods have been used to 

accelerate this step, such as modifying the electrodes with a 

metal or metal oxide electrocatalyst. [3,4]. There are several 

techniques for modification of electrodes with the metal 

electrocatalyst, such as electrodeposition, impregnation/ 

drying, or direct addition of the metal ions into the battery 

electrolyte. The advantage of the electrodeposition method is 

that it provides the opportunity to control the grain size, 

mass, and thickness of the deposited metal on the electrode 

surface by changing the applied potential, deposition time, 

and electrolyte composition.  

 

In this study, electrocatalyst alloys containing binary, ternary, 

and quaternary metals of Sb, Bi, Cu, and Sn are deposited for 

the first time on the graphite electrode to catalyze the reaction 

of the V3+/V2+ redox couple. To determine electrochemical 

performance of VOSO4 in H2SO4 solution, cyclic 

voltammetry (CV) is taken from 0.4 V to -1.0 V in H2SO4 

solution containing VOSO4 and the single 

(Sb3+,Bi3+,Cu2+,Sn2+) binary (Bi3+/Cu2+, Bi3+/Sb3+, Bi3+/Sn2+, 

Cu2+/Sb3+, Cu2+/Sn2+, and Sb3+/Sn2+), ternary (Cu2+/Sb3+/Sn2+, 

Bi3+/Cu2+/Sb3+, Bi3+/Sb3+/Sn2+, and Bi3+/Cu2+/Sn2+), and 

quaternary (Bi3+/Cu2+/Sb3+/Sn2+) ions. Before the reduction of 

V+3 to V+2 (-0.62 V), other metals can be deposited at more 

positive potential (Sb3+ : 0.02 V, Bi3+ : -0.11 V ,Cu2+ : -0.38 

V, Sn2+ : -0.58 V)  on the electrode surface in this solution. 

The CV results reveal that adding binary metal ions to the 

electrolyte and Cu2+/Sb3+ or Cu2+/Sn2+ among the ions 

advance peak separation and increase in Ipa/Ipc.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. SEM image of a) bare electrode and b) Bi3+, c) 

Sb3+/Sn2+ , d) Cu2+/Sb3+/Sn2+ , e) Bi3+/Cu2+/Sb3+/Sn2+ 

electrodeposited on graphite electrode and their elemental 

mapping 

 

The prepared electrodes via bulk electrolysis at appropriate 

potentials are characterized by scanning electron microscopy 

(SEM), energy dispersive X-Ray Spectroscopy (EDX), X-ray 

Photoelectron Spectroscopy (XPS), and electrochemical 

impedance spectroscopy (EIS). SEM-EDX mapping analyses 

show that target metals homogeneously distribute on the 

electrode surface, as observed in Fig.1. Also, they are 

deposited as nanoparticles in the range between 50 and 100 

nm. It is also verified by XPS and EDX methods that all 

metals are deposited on the electrode surface. From EIS 

results, the charge transfer resistance (Rct) decreased at all 

combinations of metal ions. As a result, the present study 

indicates that rapid and simple preparation of electrocatalysts 

has potential use for vanadium redox batteries. 
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