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High dispersion of COF in ion conduction membranes improving

the performance of vanadium redox flow battery

FANG Tingxu', PANG Bo', CUI Fujun®,
JIANG Xiaobin', WU Xuemei', HE Gaohong'

(1. State Key lLaboratory 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; A novel preparation method for high dispersing COF-based composite membranes was proposed

through a monomer-casting followed by solvothermal in-situ growth strategy. The strong hydrogen

bonding interactions between sulfonated polybenzimidazole (PBIOSO;H) and sulfonated amine monomer
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principle of permitting oil passage while blocking water, it is necessary to prepare a superhydrophobic/
lipophilic separation membrane. A hydrophobic/lipophilic SiO,/PTFE (SP) membrane was fabricated by
depositing a self-synthesized alkyl SiO, impregnating solution onto a polytetrafluoroethylene (PTFE)
substrate via vacuum filtration. The surface characteristics and oil-water separation performance of the SP
membrane were systematically investigated. Results revealed that the alkyl SiO;-modified PTFE membrane
exhibited a micro-nano hierarchical rough structure, which significantly enhanced its hydrophobicity and
lipophilicity. At an alkyl SiO, deposition amount of 1 956 mg/m?*, the membrane achieved a water contact
angle of 154°, with oil droplets fully permeating within 1 second. The SP membrane demonstrated
enhanced separation efficiency and permeation flux when processing n-hexadecane/water mixtures as the oil
concentration increased. At an oil-water ratio of 3 : 1 (quality ratio), the separation efficiency for n-
hexadecane reached 98. 31%, with a permeation flux (—0. 09 MPa) of 992 L/(m’ « h). For various
mixtures, including n-hexane/water, n-decane/water, n-hexadecane/water, and Isopar G/water, the
separation efficiencies of SP membrane exceeded 98%. The corresponding permeation fluxes (— 0. 09
MPa) are 2 574, 1 781, 992, and 3 007 L./(m® * h), respectively. Additionally, when handling n-hexane
and n-hexadecane oil-in-water emulsions, the separation efficiencies of SP membrane maintained above
97%, with permeation fluxes (—0. 09 MPa) of 512 and 230 L/(m® « h), respectively. The water content
in the oil phase obtained through oil-water or emulsion separation using the SP membrane was below
0.01%. After undergoing 10 usage cycles, the SP membrane retained a separation efficiency greater than
96% for n-hexadecane/water mixtures, with a permeation flux attenuation rate of less than 7%%,
showcasing outstanding oil-water separation capabilities.

Key words: alkyl silica; PTFE membrane; hydrophobic and lipophilic; oil-water separation
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enabled the uniform dispersion of monomer in the precursor membrane, and the in-situ confined growth of
sulfonic acid-functionalized covalent organic framework (SCOF), effectively addressing the aggregation
issue of COFs in membranes. The incorporation of sulfonic COF significantly enhanced membrane
performance: proton conductivity increased by 89. 7%, surface resistance decreased by 48. 6%, and
proton/vanadium ion selectivity improved 1. 5-fold. When applied in vanadium redox flow battery, the
composite membrane demonstrated superior energy efficiency of 79. 5% at 200 mA/cm?, outperforming
commercial Nafion212 membrane (69. 9%). These results validate that the proposed monomer-casting/in-
situ growth approach is effective for fabricating high dispersion of COF in ion-conductive membranes, and
thus effectively enhances the performance of vanadium redox flow battery.

Key words: proton exchange membrane; vanadium redox flow batteries; covalent organic frameworks;

high dispersion
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