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Abstract %Q\

One of the major sources of capacity loss in all-vanadium redox flow batteries @%{FBS) is the
undesired transport of active vanadium species across the ion-exchange membrane,
generically termed crossover [1]. Different parameters affect the Qa sport of solutes
(vanadium ions) and solvent (water) through the ion-exchange membrl\a\ﬁ [2-4].
>

The ion-exchange membrane properties (type, thickness&equivalent weight, and
reinforcement), the battery configuration (electrode morphgfdgy, flow filed design) and
operating conditions (flow rate, temperature, vanadium cofcentration, and charge/discharge
current) are among the important parameters [5]. Figure 1 visually demonstrates some
examples of the effect of these parameters on th ssover, as the concentration of ions
affects the colour of solution [5]. é
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(b) The effect of membrane characteristics on the crossover behaviour of vanadium species
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(c) The effect of flow field design on the crossover behaviour of vanadium species
Figl. The qualitative demonstration of the effect of different parameters on the crossover
behaviour of vanadium species

The concentration gradient and the electric field (via migration and electro-gsmosis) are the
main driving forces for vanadium ions transport across the membrane [5},“Water transport
across the ion-exchange membrane is due to multiple driving forces, including the electro-
osmotic drag, thermo-osmaosis, osmotic and hydraulic pressure gradient{6, 7].

In this work, a novel system including multiple cells has been designed and built to precisely
investigate the crossover of vanadium species and water transport through the membrane in
real-time. The test system utilizes ultraviolet/visible (UV/ViS) spectroscopy and is capable of
separating contributions to crossover stemming from electrostatic potential gradient,
concentration gradient, cell architecture and operating eonditions.

In this study, the permeability of vanadium species and water across the membrane has been
quantified for a wide range of operating conditions and by varying the affective parameters
outlined earlier.
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