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Fig. 2 Schematic representation for preparation of nanoporous membrane based-on hydrophilic/hydrophobic inducing phase sep-

aration in polymer solution (where lines represent the polymer, solid circles the hydrophilic monomer, and open circles

the nanopore within the membrane)
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Fig. 3 Characterization of PVDF proton conduction membrane formation

A. Element changes; B. BET adsorption results before and after the membrane being soaked in water
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Development of Proton Conduction Membranes in
Application of Vanadium Flow Battery

QINGGE Le-tu, GUO Wei-nan, LIU Ping, WANG Bao-guo”
(State Key Laboratory of Chemical Engineering, Department of Chemical Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: The polymeric hydrophilic/hydrophobic interactions into membrane formation were introduced. A general and
straightforward strategy for preparing membranes with nanometer-scale pores was suggested by utilization of hydrophilic/hydropho-
bic interactions to generate phase separation and removal of polyion aggregates through water immersion. Poly(vinylidene fluoride)
(PVDF) and sodium allyl sulfonate (SAS) serve as the membrane material and pore-generator, respectively, resulting in chemically
stable and oxidation-resistant membranes with various potential applications. Following the same procedure invented to produce the
laboratory-scale membranes, the scale-up process to manufacture large-area membranes was completed. The obtained membrane
exhibited the conductivity of 3.5x10? S-cm’, thickness of 100 wm, bursting strength over 0.3 MPa and effective area of 800 mmx
900 mm.

In order to investigate whether this membrane is capable of assembling vanadium flow battery (VFB) stack, the permeation se-
lectivity for H/VO?* mixtures through the membranes, made from different pore-generator contents, were measured. Obviously,
proton transports through membrane far faster than vanadium ion. Since the volume of H" is much smaller than that of VO* in elec-
trolyte, the difference in charge exclusion effect, which distinguishes from general ion exchange mechanism due to Donnan equilib-
rium effect, leads to the selectivity for H7VO* up to 306. Using this nano-porous membrane, a 15 kW VFB stack was fabricated to
evaluate the membrane performance for application. Generally, the stack test indicates that the membrane provided feasible proton
permeation and rejection of vanadium ion, with average columbic efficiency of 93% and energy efficiency of 72% during the period

of over 700 charge/discharge cycles, which shows promising market potential for electricity energy conversion and storage processes.

Key words: proton conduction membrane; vanadium flow battery; manufacture; energy storage; membrane formation mecha-

nism
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