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Fig. 1 Schematic illustration of the surface-selective swelling method for preparing a PVDF ion-sieving membrane

with a homogeneous dense layer
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Fig. 2 cross-sectional morphology of the original PVDF porous membrane (a) ; cross-sectional morphology of the

DMAc-20 PVDF ion-sieving membrane (b); comparison of resistance measured using an H-cell (¢);

comparison of thickness, ionic conductivity and area resistance of different membranes (d)
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Fig. 10 Efficiency comparison of membranes at a current density of 150 mA/cm’(a); cycling performance of the battery

assembled with the DMF-6. 4 (b) and DMSO-6. 4 (¢) PVDF ion-sieving membrane at

a current density of 150 mA/cm®
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Surface-selective swelling for preparing PVDF ion-sieving membranes

ZHEN Yihan, ZHENG Zhuo fan, PANG Maobin ,
LIN Dongcheng , LIU Jing , WANG Baoguo

(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The industrialization of all-vanadium redox flow batteries (VFBs) is critically hampered by

challenges associated with traditional proton exchange membranes, including high cost, poor selectivity

and insufficient interfacial compatibility in composite membranes. This paper introduced a novel approach,

surface-selective swelling, to fabricate a poly(vinylidene fluoride) (PVDF) ion-sieving membrane featuring

a homogeneous dense selective layer on a porous substrate. This method involved ultrasonically spraying a

polar organic solvent onto the surface of a porous PVDF membrane, which induced the rearrangement of
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hydrogen production, but the durability of AEM remains a major challenge. Due to the excellent thermal
stability, chemical and mechanical stability of polyphenylene sulfide (PPS), this paper proposed to
introduce the diphenyl sulfide monomer into AEM. Through a simple and controllable superacid-catalyzed
polycondensation reaction, a polyarylpiperidine polymer without aryl ether bonds was successfully
synthesized, and the corresponding piperidine-functionalized AEM was further prepared for water
electrolysis to produce hydrogen. The performance test results showed that the ion conductivity of the
membrane could reach 111. 2 mS/cm at 80 °C; after being immersed in 1 mol/I. KOH solution at 80 °C for
1 080 hours, its OH conductivity could still retain 89. 3% of the initial value, and no obvious changes in
chemical structure were observed, demonstrating excellent alkali stability. In addition, when the
membrane was assembled in a water electrolyzer and continuously operated at 60 “C, 0.6 A/cm’ of current
density and 1 mol/L. KOH electrolyte for 1 385 hours. the voltage of the electrolyzer only increased by
0. 15 V, showing outstanding stability. The above results fully confirm that this type of AEM has good
practical application prospects in the field of alkaline water electrolysis.

Key words: anion exchange membrane; anion exchange membrane water electrolysis; diphenyl sulfide;

piperidine; alkaline stability
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was enhanced by phosphoric acid selective swelling-induced microphase separation. The study found that
the cross-linked structure formed by BPPO as a cross-linking agent and PyPEK significantly improved the
swelling resistance and mechanical strength of the membrane. For example, the ultimate tensile strength
of the POPEK-3 membrane was 45. 8 MPa, the swelling ratio was reduced to 6. 56% in 3 mol/L H,SO, ,
and it exhibited excellent membrane selectivity. The POPEK-1 membrane exhibited superior energy
efficiency compared to the Nafion 212 membrane at the same current density in VRFB applications. For
example, the POPEK-1 membrane achieved an energy efficiency of 90. 99% at 80 mA/cm?®, significantly
bettered than the Nafion 212 membrane’s energy efficiency (81. 87%). The POPEK membrane
demonstrates excellent VRFB cell performance, providing new insights for the design and optimization of
high-performance VRFB membranes.

Key words: vanadium flow battery; cross-linking; pyridine; poly Caryl ether ketone); ion exchange

membrane
10000000000 000000000000 000000000000 00 000000000

(E#258 68 TT)

polymer chains in the near-surface region. This process successfully created a dense selective layer that was
homogeneous with the porous PVDF support, effectively avoiding interfacial defects and enhancing ion
selectivity. The optimized DMAc—-6. 4 composite membrane demonstrated a significantly reduced on VO?**
ion permeability coefficient of 5. 31 X 1077 em?/min. VFBs assembled with this membrane exhibited
substantial performance improvements: an energy efficiency (EE) of 81. 0% at a current density of
150 mA/cm?; stable coulombic efficiency (CE) and EE over 500 charge-discharge cycles; and a capacity
retention rate of 85. 5% after 200 cycles, far surpassing the original PVDF porous membrane. This
surface-selective swelling method is characterized by its simplicity, ease of operation, and universality,
offering an efficient and low-cost strategy for developing high-performance, high-stability proton exchange
membranes.

Key words: poly(vinylidene fluoride) ; ion-sieving membrane; selective swelling; all-vanadium redox flow

battery



