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Abstract Draft:

Compared to fuel cells, which possess similar cell architecture, redox flow batteries have poor
performance. For example, conventional fuel cells can easily achieve current densities of
1.5 A cm? whereas the corresponding figure for the all vanadium redox flow battery is an
order of magnitude less, often less than 0.2 A cm™ [1]. A direct comparison is unfair because
redox flow batteries operate at higher efficiencies than fuel cells. However, typical vanadium
redox flow batteries cannot achieve 1.5 A cm even at low efficiencies [2-4]. Consequently,
relatively large flow battery cells are required for a given power, increasing the cost of the
technology.

There are a few noticeable exceptions to the relatively poor performance of flow batteries,
including the work of Zawodzinski et al. who achieved current densities in excess of 0.8 A cm™
with a vanadium system [5]. Most impressively, Weber and co-workers recently achieved
current densities as high as 4 Acm? with a H,-Br, flow battery [6]. In both cases, the
researchers used fuel cell components and fuel cell assembly techniques to minimize the cell
ohmic resistance. A key component of cell resistance is the contact resistance between the
cell parts, particularly the electrodes, bipolar plates and current collectors. Typically, fuel cells
are assembled using compression pressures of above 8 bar to minimize the contact resistance
to levels that allow high current densities to be achieved.

In comparison, redox flow batteries mostly employ carbon fibre felt as the electrode material
and use compression pressures of around 1 bar during cell assembly, hence contact resistance
values are relatively high. A number of studies have measured the effect of felt compression
on battery performance [7-9]. In these studies, the felt compression is often increased from
0 to 30%, resulting in a decrease in cell resistance and a noticeable improvement in
performance (i.e. higher current densities for a given cell potential). However, increasing
compression pressure decreases the felt thickness and permeability such that larger pumping
pressures are required to deliver the required volumetric flow rates. In addition, membrane
punctures become increasingly likely as the compression pressure is increased.
Consequently, little work has been carried out with highly compressed felts.

This study builds on previous felt compression work by exploring a much wider range of
compression pressures using a vanadium redox flow battery system with a novel cell design
[10] that allows compressions from 0 to beyond 50% to be explored with relative ease, helping
establish a value for the lowest cell resistance that can be achieved with carbon fibre felt. An
in-situ reference electrode combined with electrochemical impedance allows the study of
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each half cell under different compression pressures, the latter being accurately measured
with pressure mapping technology. The effect of compression on felt permeability is also
quantified and compared with mass transport insights gained from the impedance
measurements. Durability test cycles with different felt compressions followed by analysis of
the membrane provide insights into the damage caused by high compression pressures.
Finally, other electrode materials are assessed using the same flow battery system at
compression pressures up to 10 bar with the aim of achieving cell resistance values similar to
that in conventional fuel cells.

The results of the study highlight the importance of cell compression and demonstrate a key
factor in redox flow battery development is decreasing contact resistance within cells,
effectively making a flow battery more like a conventional fuel cell.
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