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Preparation and properties of Zr-MOF-NH, and doped Nafion composite proton

exchange membranes synthesized by microwaves

GAO Qian , ZHANG Liujie , ZHANG Hui, XU Jingkai , XIAO Wei', LI Ying

(School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, China)

Abstract: Vanadium liquid flow batteries require proton exchange membranes with excellent ion selectivity and
physicochemical stability. In this work, UIO-66-NH, was prepared by microwave and traditional hydrothermal
method, respectively, and UIO-66-NH,/Nafion composite proton exchange membranes were prepared by the cas-
ting method, and the physicochemical properties of the membranes and the cell performance were systematically
characterized. The results show that the hydrogen bonding network formed by UIO-66-NH, within the composite
membrane, acid-base pairs and its own pore size synergistically strengthened the ion selectivity of the composite
membrane. The comprehensive performance of the composite membranes base on both microwave (M/N) and
traditional hydrothermal (T/N) methods is superior to that of the pure resin membrane (P-N). At the addition
amount of 3wt%, the tensile strength of the M/N-3 membrane reaches 27 MPa, the proton conductivity and
vanadium ion permeability are 122.18 mS-cm™ and 0.83x10”" cm*min, respectively, and the ion selectivity is
15.6x10° S:min-cm™®, which is about 30 times of that of the P-N membrane, and the cell energy efficiency of this
membrane reaches 83.8%-71.7% (100-200 mA-cm™>), which is superior to T/N-3 membrane (82.7%-71.0%) and P-N
membrane (79.4%-69.0%). The cell also shows superior cycling stability and capacity retention. Therefore, UIO-66-
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NH, synthesized by microwave method can effectively improve the comprehensive performance of proton

exchange membranes, which is promising in optimizing the performance of vanadium liquid flow batteries.

Keywords: vanadium liquid flow battery; proton exchange membrane; microwave method; metal-organic

framework; ion selectivity
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M-U66-NH,—UIO-66-NH, prepared by microwave assisted method; UI0-66-NH,—Zr-MOF when the preparation method does not need to be
distinguished; BDC-NH,—2-aminoterephthalic Acid; DMF—N, N-dimethylformamide; HAc—Acetic acid

1 & R BEfLiY UI0-66 (UI0-66-NH,) % Nafion 5 & 14l 4 id #R 2 &

Fig.1 Schematic diagram of the preparation process of UIO-66-NH, and Nafion composite membrane
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Fig.2 SEM images of UIO-66-NH, by microwave heating for 15 min ((a)-(d)), oven heating for 24 h (e) and XRD patterns of UIO-66-NH,

by microwave heating for 15 min (f)
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Fig.3 Surface SEM images of P-N (a), M/N-1 (b) and M/N-3 (c); Cross-section SEM images of P-N (d), M/N-1 (e) and M/N-3 (f);
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Fig.4 Cross-sectional SEM images of M/N-6 ((a), (c)) and M/N-9 ((b), (d))
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Fig.5 FTIR spectra of M-U66-NH,, P-N and M/N-3 membranes
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different membranes (d)
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Fig. 7 Vanadium ion permeation concentration (a), vanadium ion permeability and ion selectivity (b) of composite membranes
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