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Fig. 1 Schematic diagram of an iron-chromium redox flow battery
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Performance comparison of commercial membranes and Nafion-based modified membranes in redox flow batteries

HL IR B B (@65 °CH/

fE = JE R/ pm RN _, CE/% EE/% 3k
(mA +*cm ?)
. 1 mol/LL FeCl, + 1 mol/L CrCly +
Naf 212 50 + 2 i 80 95.03 83.58 26
aton 7 3 mol/L HCI 7 7 [26]
. _ _ 1 mol/LL FeCl, + 1 mol/L CrCly; +
f 11¢ 126 =+ ¢ 0 95. 74 2.47 26
Nafion 115 5 3 mol/L HCI 8 5 8 [26]
. 1 mol/L. FeCl, + 1 mol/L CrCly; +
{ 117 178 + 4 7.1 2. 2
Nafion 8 = 3 mol/L HCI 80 97. 18 82.08 [26]
4 1. 3 mol/L FeCl, + 1. 4 mol/L CrCl;+
Naf 117 183 ) 40 90. 97 67.63 11
ation 1 mol/L HCI + 5 mmol/L Bi*" [11]
. 1. 3 mmol/L FeCl; + 1. 4 mol/L CrCl;
{ 212 50 40 93.12 77. 20 11
Nafion 1 mol/L HCl + 5 mmol/L Bi** ¥ (1]
1. 3 mol/L FeCl, + 1. 4 mol/L CrCl; +
F sep FS-950 50 40 89. 96 74. 14 11
wmasep 1 mol/L HCl + 5 mmol/L Bi** L]
4 1. 3 mol/L FeCl, + 1. 4 mol/L CrCl; +
Entek White200 200 ) 40 70 54 11
nte e 1 mol/L HCI + 5 mmol/L Bi*" 7 [11]
. 1. 3 mol/L FeCl, + 1. 4 mol/L CrCl; +
1 AEM 40 i =X 11
Volterion 38 1 mol/L HCl + 5 mmol/L Bi** 5 (1]
0. 6 mol/L K/, Fe(CN); + 0. 1 mol/L
K,B,0O;/ 1. 0 mol/L K,, CrPDTA + _
Fumasep E-620(K) 20 0. 06 mol/L. K, B,O, - 0. 16 mol/L 100 >99.50 90~92 [27]
H;BO;
0. 6 mol/L Ks,, Fe(CN)s + 0. 1 mol/L
.. KzB,1()7/ 1 0 mol/L K],rz CrPDTA + Y _
Aquivion E87-05S 50 0. 06 mol/L K.,B,O, + 0. 16 mol/L 75 >99.50 91~92 [27]
H;BO;
. 0. 25 mol/LL K,Fe (CN)s + 1 mol/L
Nafion 115 126 KOH / CtDTPA 40 99. 00 83.20 [14]
1 mol/L FeCl, + 1 mol/L CrCly; +
RN — ‘ 100 ~91.80 ~81.90 |31
3 mol/L HCl + 8 mmol/L Bi¥" [31]
) 1 mol/L FeCl, + 1 mol/L CrCly; +
Naf PANI-0. — ) . 100 97. 90 7. 20 1
afion/PANI-0. 5 3 mol/L HCI + 8 mmol/L Bi** 8 (1]
1 mol/L FeCl, + 1 mol/L CrCl.
iCOP-8 — mol/L FeCly 4 1 mol/L GiCle + 100 97.66 87.11 [32]

3 mol/L HCl + 8 mmol/L Bi*"

a;: mW/cm’,
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Fig. 8 Performance comparison between SNPBI and Nafion 212 membranes™*?! ; mechanical properties (a) ;

permeability of Fe*™ and Cr’™ ions (b); cycling stability of the battery (c)
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Table 2 Performance comparison of batteries using novel non-fluorinated polymer membranes
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Research progress on ion-conducting membranes for
iron-chromium redox flow batteries
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YANG Jiahui®, LU Chunxi!
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Abstract: Iron-chromium redox flow batteries (ICRFBs) have broad prospects for applications in large-
scale energy storage, attributed to the abundant reserves of active materials (iron and chromium), as well
as the low-cost and environmentally friendly electrolytes, making them especially suitable for mitigating
fluctuations arising from the large-scale integration of renewable energy into power grids. As a core
component of ICRFBs, the ion-conducting membranes play a critical role in facilitating the transport of
charge carriers while inhibiting the crossover of Fe®" /Cr*'. Their performance directly dictates the
batteries’ efficiency, cycle life, and overall cost. Herein, we systematically analyze the performance
requirements of membrane materials for ICRFBs, summarize the research progress in the selection and
optimization of commercial perfluorosulfonic acid membranes, and review the development of non-
fluorinated ion-conducting membranes. By comparing the batteries’ efficiency of diverse membranes in
ICRFBs, we further evaluate their respective advantages and limitations, and discuss the research future
directions for the development of high-performance membrane materials.

Key words: iron-chromium redox flow battery; ion-conducting membrane; perfluorosulfonic acid mem-

brane; non-fluorinated membrane; battery efficiency



