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1. Introduction

Ambitious targets for cutting greenhous
reliant on the wide-scale deployment of
energy technologies (notably solar and win
enable the use of such technologies, in parti
energy output to end-users, competitive e
are required to balance load with demand
energy storage systems are economically c
term, the US Department of Energy (DoE
capital cost target of USD$ 150/kWh to m
ing physical energy storage technologies [7
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� A novel organic-inorganic flow battery system using low-cost elements.
� For a membrane-less configuration the open-circuit voltage is 1.17e1.59
� The average coulombic efficiency is 71.8% over 20 cycles.
� Voltammetry and dissolution experiments identify the performance limi
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of expensive active materia
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e gas emissions [1] are
intermittent renewable
d) on a grid-scale [2]. To
cular to provide a stable
nergy storage systems
[3e6]. To ensure that
ompetitive in the long
) has set a long-term
atch the costs of exist-
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al redox flow batteries is relatively high (>USD$ 200/kWh) due to the use
nd ion-exchange membranes. This paper presents a membrane-less hybrid
based on the low-cost elements zinc (<USD$ 3 Kg�1) and para-benzo-

x potential and voltammetric studies show that the open-circuit voltage of
r a wide range of pH. Half-cell charge-discharge and dissolution experi-
tive electrode reaction is limiting due to the presence of chemical side
face. The positive electrode redox reactions are not affected and exhibit
ies of >92.7% with the use of carbon felt electrodes. In the presence of a
lose to its solubility limit, dissolution of the deposited anode is relatively
n equivalent corrosion current density of <1.9 mA cm�2. In a parallel plate

ing battery was charge-discharge cycled at 30 mA cm�2 with average
cies of c.a. 71.8 and c.a. 42.0% over 20 cycles, respectively.
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Redox flow batteries have emerged as the most promising en-
ergy storage system in terms of cost and safety for applications of a
few kW/kWh up to tens of MW/MWh. The main advantage of this
technology over conventional rechargeable batteries is the ability
to decouple capacity from power effectively by adjusting the elec-
trode size and/or the electrolyte volume [5]. The shelf life of redox
flow batteries is theoretically long since most cell components (i.e.
plastic and carbon) do not corrode or deteriorate over time,
considering that the active redox species can be separated once the
battery is charged.

Since the invention of the redox flow battery, various chemis-
tries have been proposed (e.g., all-vanadium [8], zinc-cerium [9]
and vanadium-cerium [10]) and most use expensive ion-
exchange membranes to separate the negative and positive elec-
trolytes. At the present time, the all-vanadium redox flow battery is
the most developed system, due to its high reversibility and large
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