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Abstract — The redox flow battery (RFB) is a large-capacity energy storage equipment, and the vanadium redox flow
cell is a typical RFB, but VRFB is expensive. Iron-chrome RFBs are economical because they use low-cost active mate-
rials, but their low performance is a urgent problem. In this study, the crossover of iron and chromium ion through
Nafion membrane and the stability of Nafion membrane in HCI solution were investigated. The permeability of iron and
chrome ion through Nafion were 5.5x107° and 6.0x10" cm?/min, respectively, which was 18.9~20.7 times higher than
that of vanadium ion (2.9x10°® cm?*min). The crossover of iron and chromium ions were shown to be a cause of per-
formance decrease in Iron-chrome RFB. As the temperature increases, the crossover increases rapidly (activation energy
38.8 kJ/ mol), indicating that operation at low temperature is a methode to reduce the performance loss due to crossover.
Nafion membranes were relatively stable in 3 M HCI solution.
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Fig. 1. The UV-vis spectra of Fe and Cr ion solutions (a) and cali-
bration curve of Fe at 332 nm (b), Cr at 617 nm (c).
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Fig. 2. Fe ion concentration crossover as a function of HCI concen-
tration without membrane washing during crossover experiment.
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Fig. 3. FT-IR of Nafion membrane before and after washing with
H,0, and H,SO,.
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Fig. 4. Fe ion concentration crossover as a function of HCI concen-
tration with membrane washing during crossover experiment.
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Fig. 5. Fe ion concentration crossover as a function of Fe ion con-
centration in 3 M HCI solution.
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Fig. 6. Cr ion concentration crossover as a function of Cr ion con-
centration in 3 M HCI solution.
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Fig. 7. Ion concentration crossover as a function of circulation rate
of solution, (a) Iron, (b) Chrome.
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Fig. 9. Arrhenius plot of Fe ion diffusion through Nafion 211 mem-
brane.

0.8

—— After
—— Before
0.6+

0.4

§ 0.2

0.0

-0.2-

500 1000 1500 2000 2500 3000 3500 4000
Wavelength (nm)

Fig. 10. Comparison of FT-IR of Nafion membrane before and after
7day degradation in 3 M HCI solution at room temperature.
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