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Fig. 2 'H-NMR spectra of PBI-8F membrane (a); FTIR spectra of PBI, PBI-OSO; H and PBI-8F membranes (b)
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Fig. 7 The tensile strength (a) and elongation at break (b) of Nafion 212, PBI, PBI-OSO; H and PBI-8F membranes
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Fluorine functionalized ion-conductive membrane for high-performance

vanadium flow batteries

WANG Herong', TIAN Li', LIU Yupeng', CHEN Zeyu',
PANG Bo', JIANG Xiaobin',CUI Fujun®, WU Xuemei', HE Gaohong'

(1. State Key Laboratory of Fine Chemicals, Research and Development Center of Membrane

Science and Technology, Dalian University of Technology, Dalian 116024, China;

2. Panjin Institute of Industrial Technology, Dalian University of Technology, Panjin 124221, China)

Abstract: The selectivity between proton (H™) and vanadium ions (V"") is a key factor for the ion-
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conductive membranes in vanadium redox flow batteries (VRFBs). Currently, the commercially Nafion
212 membrane suffers from low proton conductivity and poor selectivity, which severely restricts further
performance improvements for vanadium redox flow batteries. In this work, the construction of highly
selective ion-conductive membranes (PBI-8F) by incorporating fluorinated functionalized side chains was
proposed for VRFBs. By grafting fluorinated functionalized side chains, the microphase-separated
structure of the ion-conductive membrane could be enhanced, forming both high proton conductivity and
low vanadium ions permeability. After introducing fluorinated side chains, the ion cluster size of PBI-8F
membrane increased to approximately 12 nm, indicating stronger microphase separation capability.
Molecular dynamics simulations revealed that the enhanced microphase separation in the PBI-8F membrane
originated from the self-aggregation of both fluorine atoms and sulfonic acid groups. Additionally, the
incorporation of fluorinated hydrophobic side chains restricted the water uptake (9. 8%) and swelling ratio
(3.2%), improving the dimensional stability of the membrane. Moreover, the area resistance of the PBI-
8F membrane was 0. 21 Q * cm?, which was 69. 6% lower than that of the pristine PBI membrane, while
the vanadium ion permeation rate remained low at 2. 35X107!° ecm?/s, two orders of magnitude lower than
that of Nafion 212(3. 41X107" cm?/s), demonstrating high H" /V"" selectivity. The PBI-8F membrane
exhibited high coulombic efficiency (99. 6%), voltage efficiency (80.4%), and energy efficiency(80. 1%4)
at 200 mA/cm?. No changes in the characteristic peaks of the ion-conducting membrane were observed
before and after cycling, confirming the excellent VRFB performance of the PBI-8F membrane.

Key words: proton exchange membrane; vanadium redox flow batteries; fluorine functionalized side chain;
H /V"" selectivity
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