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H I G H L I G H T S

• The RGOC paper possesses good flexibility with a porous structure.

• The C/O ratio of RGOC is different from that of RGOT.

• The activity of RGOC towards Ce3+/Ce4+ is better than that of RGOT.
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A B S T R A C T

Zn/Ce redox flow battery (ZRFB) is emerging as a promising technology to store large amount of energy eco-
nomically and efficiently, wherein a highly efficient positive electrode with a continuous and fast electronic and
ionic transportation path is urgently desired. The unique nanostructure of reduced graphene oxide (RGO) paper
electrode is prepared by a simply chemical reduction method, which facilitates transference of the electron and
Ce3+/Ce4+ at the electrolyte/electrode interface. Thus ZRFB exhibits superior extent of charge (81.0%) and
energy efficiency (71.3%). The results show RGO paper is a good candidate for positive electrode of ZRFB.

1. Introduction

Energy is of importance to all of us. It is necessary to develop new
energy resources [1–3] for reducing environmental pollutants [4] and
improving human life level. However, the more widespread use of them
is dependent upon the development of an affordable and reliable energy
storage system. Redox flow batteries (RFBs) have received increasing
attention for their storing enormous amount of electrical energy
friendly and efficiently [5,6]. For a typical RFB, its electroactive species
are dissolved in two electrolytes stored in separate tanks instead of in
electrodes, which is different from traditional batteries. The cell reac-
tions occur when electrolyte flows through electrode with the help of
pump. The electrode only offers a place where electrode reaction occurs
without undergoing any deformation, which is helpful to prolong the
service life of the battery. The capacity of RFB is determined by the
amount of electroactive species in electrolyte, while the power output
by the size of the electrode. For example, the greater the amount of
Ce3+/Ce4+ in positive electrolyte, the greater the capacity of ZRFB.

The architecture characteristic of separation of power output from ca-
pacity gives RFB considerable design flexibility.

It is of fundamental importance to select suitable electrode material
for optimization and upgrading of battery performance. The factors to
be considered in selection of electrode materials for RFB application
include conductivity, mechanical strength, chemical stability and
electrochemical activity. Generally, selection of electrode material for
RFB application is the process of finding a balance point in the above
mentioned factors based on the specific use. The kinetic characteristics
of Ce3+/Ce4+ electrode reaction on glassy carbon, platinum, platinized
titanium, carbon felt, graphite, porous carbon, and graphene oxide/
graphite composite electrodes were investigated by different re-
searchers [7–18]. Although some achievements have been made in the
research of electrode, it is still necessary to search for alternative ma-
terials with better performance toward effective positive electrode for
advanced ZRFB application.

Graphene-based materials have attracted significant attention for
their excellent mechanical and electrical properties [19–24], which can
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Fig. 1. a)Working principle of Zn/Ce redox flow battery. b)Assembled ZRFB. 1. negative electrode, 2. positive electrode, 3. Nafion 115 membrane.
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