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Development of Key Materials for
Redox Flow Batteries
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Abstract: Redox flow batteries, as a key long-duration energy storage technology underpinning new power systems, have become a
strategic focus in global energy transition. Their industrialization process is highly dependent on performance breakthroughs and cost
optimization of key materials. This study reviews global technological advancements and industrial development status of key
materials for redox flow batteries. It examines the impact of these materials on economic viability and market demand of redox flow
batteries, identifying multiple constraints facing China in this field: difficulty in simultaneously achieving a long lifespan and low
cost; supply chain vulnerabilities due to high dependence on imported high-end materials; challenges in market acceptance and
business model development; and insufficient policy and standards frameworks to support material innovation. The study proposes a
phased development pathway for key materials, advocating for the evolution of the material system from the current mainstream “all-
vanadium-all-fluorinated” route toward a “novel-nonfluorinated” direction. It further recommends accelerating the large-scale
application of flow batteries within zero-carbon energy systems by strengthening industrial chain collaboration, innovating business
models aligned with material characteristics, and improving material standards and evaluation systems. These efforts will help China
secure a proactive position in global energy competition.
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Nafion!' B 4k 0.47 6.9 73.4%@80 mA-cm? 2330 X @80 mA-cm™
Nafion 2127 KRAHL 6.61 2.7 59.1%@250 mA-cm™ 100 X @250 mA-cm™

Nafion 212" Ttk 1.1 5 68%@80 mA-cm™ 160X @80 mA-cm™
SPEEK!" KN 13.3 0.8 78.2%@160 mA-cm™  100X@120 mA-cm™
SPEEK!” KEFA ML 9.13 0.003 18 66.2%@250 mA-cm™ 100 X@250 mA-cm™

SPEEK™ Bl 1 £ 11.7 — 89.28%@80 mA-cm™ 700 X @80 mA-cm™
PBIZY A 14.9 0.48 85%@120 mA-cm™ 100 X@120 mA-cm™
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PVDF40-B* N 12.89 8.76 80%@80 mA-cm™ 100 X@80 mA-cm™
PES/SPEEK™!  figi 44k 36 5.8 88%@80 mA-cm™ 240 X@160 mA-cm™

PES/PEGP® T4k 53 3.34 86.8%@80 mA-cm™ 120X @80 mA-cm™
[l A7 2D MFI-type A 160 — 82.3%@40 mA-cm™ 1000 X@80 mA-cm™

FLER zeolite!?

SPX-BP-0.95%" K ZHHL 9.7 0.046 87.9%@80 mA-cm™ 1000 X @60 mA-cm™
SCTF-BP®! /K ZAHL 30 0.056 50.4%@500 mA-cm™ 5000 X@160 mA-cm™
cPIM-10 KZEH 38 1.68 — 1300 X @80 mA-cm™
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