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Fig. 1 Scale-up fabrication equipment for PBI-based membrane materials (a) and PBI-based ion exchange membranes (b)
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Fig. 2 The preparation method of aromatic ether-type PBI
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Fig. 3 'H NMR spectrum of aromatic ether-type PBI
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Fig. 4 SEM images of membranes: PB 30 [surface (a),
cross section (b) ]; FB 30 [surface (¢), cross section (d) ]
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Table 1  Performance comparison of ion
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Fig. 5 Mechanical properties of PB 30 and

FB 30 membranes
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Fig. 6 Vanadium ion permeabilities of PB 30, FB 30
and perfluorosulfonic acid membranes
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Fig. 7 Charge-discharge curves at different current densities of VFB assembled with PB 30 (a), FB 30 (b)
and perfluorosulfonic acid membranes (¢)
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Fig. 8 CE (a) , VE (b) and EE (c¢) at different current densities of VFB assembled with PB 30, FB 30

and perfluorosulfonic acid membranes
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Fig. 9 Discharge capacity retention curves of VFB
assembled with PB 30, FB 30 and perfluorosulfonic

acid membranes
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Commercial polybenzimidazole membranes for flow batteries

HU Lei"*, YAN Xiaoming', HE Gaohong', GONG Bo?,
GUO Tianshui®*, FAN Zipeng*, ZHOU Junpeng?®,
XU Shengquan®*, WANG Ronggang*

(1. State Key Laboratory of Fine Chemicals, Research and Development Center of Membrane
Science and Technology, School of Chemical Engineering, Dalian University of Technology,
Dalian 116024, China; 2. Canmax Technologies Co. , Ltd. , Suzhou 215121, China)

Abstract: The large-scale application of flow batteries demands high-performance and low-cost ion
exchange membranes. However, commercial perfluorosulfonic acid membranes suffer from low ion
selectivity and high costs. Therefore, low-cost polybenzimidazole (PBI)-based membranes have become a
research focus for industrialization. Based on this, the joint research team from Dalian University of
Technology and Canmax Technologies Co. , L.td. designed an uncharged gradient ion exchange membrane
structure using high-molecular-weight PBI as the matrix, enabling precise ion sieving through narrow and
interconnected ultra-thin ion channels. A series of commercial PBI-based membranes were developed. The
fundamental properties and battery performances of the membranes at the pilot scale were systematically
tested. The area resistance of PBI-based membranes was comparable to that of perfluorosulfonic acid
membranes, while the vanadium ion permeability was reduced by nearly two orders of magnitude, thus
breaking the trade-off effect among conductivity, selectivity and stability. Vanadium flow battery (VFB)
assembled with the first-generation PBI membrane (PB 30) achieved a cycle life of over 12 000 cycles at 160
mA/cm?. The second-generation PBI membrane (FB 30), designed with a tailored molecular structure to
reduce mass transfer resistance, delivered an energy efficiency of 82. 3% at 200 mA/cm® in VFB,
outperforming the perfluorosulfonic acid membrane (78.7%), and had been cycled for over 2 600 cycles at
160 mA/cm?.

Key words: flow batteries; commercial polybenzimidazole membranes; ion transport channels; ion selectiv-

ity; stability



