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The electrical power grid is in urgent need of a
new energy storage technology. This is because
power generated from renewable energy, such as
wind turbine and photovoltaic, is steadily increasing
and the use of electric vehicles is growing rapidly.
There are several available electricity storage
technologies, namely hydro-pump, compressed air
energy storage (CAES), and secondary batteries. The
hydro-pump is the most mature, conventional storage
for electrical energy; however, it is limited by
geographical and environmental issues. CAES faces
the same dilemmas as the hydro-pump. At present,
several secondary batteries are attractive as the
energy storage for photovoltaic and wind turbine
system. They are lead-acid, lithium, metal hydride,
sodium-sulfur, and redox flow batteries [1,2]. The
redox flow battery is a good candidate for large-scale
energy storage. Many test sites in the range from kW
to MW were successfully demonstrated. The redox
flow battery [3], especially the vanadium redox flow
battery (VRB), is a promising energy storage
technology because of its operation at ambient
temperature, low cost, and long life cycle.

The purpose of this work is to study various
operating parameters on the performance of a single
cell. Those parameters are electrode compression
pressure, electrode surface pretreatment, electrode
configuration, electrode catalyst, and electrolyte
composition. The cell performance is evaluated by
the cell voltage versus current (E-I) curve.
Electrolyte used in the single-cell study is 2.0 M
VOSO4 + 2.0 M H2SO4 aqueous solution. This study
used a conventional single cell for proton exchange
membrane fuel cell testing. This cell has an electrode
active area of 25 cm2 (5 cm × 5 cm) with serpentine
flow channels. A hydraulic press was used for the
electrode compression experiment. Nafion 117 (from
du Pont) was used as the separator of single cell.
We investigated the effects of operating
parameters on the single-cell performance (cell
voltage versus current). In order to reduce the
resistance to acceptable level, carbon felt needs a
higher compression pressure than the carbon paper.
The porous layer of the electrode adjacent to the
membrane has better performance than that facing the
flow channel. An electrode coated with catalyst
improves cell performance. Electrolyte containing a
high concentration of vanadyl ion is a significant
improvement over electrolyte with low vanadyl ion
(VO+2). However, concentrated electrolyte (4.0 M
VOSO4) is not stable at a high current operating
condition.

The current VRB system uses sulfuric acid at
concentration around 2 M, and vanadium
concentration of 1 to 3 M. The charge/discharge
current density is around 40 to 80 mA cm-2. A new
electrolyte with a less corrosive, high vanadium
concentration and fast reaction rate is beneficial for a
better VRB energy storage system. For less corrosive
electrolyte, more choices of low-cost material can be
used for safe operation and maintenance. For a fast
reaction rate, the energy storage can be operated at
high charging/discharging current. It also reduces the
cell stack volume. Electrolyte with high vanadium
concentration improves the energy density of the
entire storage system.

During this study, we designed and fabricated a
new prototype single cell. Cell configuration is given
in Figure 1. A short stack containing five cells was
also built. Both the single cell and short stack will be
tested and revised in the near future.
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Fig. 1. Configuration of a prototype single cell.
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