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Abstract: Iron-chromium flow batteries (ICRFBs) are regarded as a highly promising
electrochemical energy storage technology owing to the abundant reserves of iron and
chromium in the Earth's crust, low cost, and suitability for large-scale long-duration energy
storage. As the core component determining the energy efficiency, cycle life, and cost of the
battery, optimization of electrolyte performance is key to promoting the practical application of
ICRFBs. However, current iron-chromium battery electrolytes still face several major
challenges. First, under acidic conditions, the Cr*/Cr* redox couple tends to trigger the
hydrogen evolution side reaction during charging, reducing Coulombic efficiency. Second, Fe*/
Fe* and Cr*/Cr* have small ionic radii, making them prone to crossover through the
membrane, leading to cross-contamination between the positive and negative active materials
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and continuous capacity decay. Third, during charging, Cr* can catalyze the transformation of
the active complex [Cr(H,O),Cl]** into the thermodynamically more stable, inert form [Cr(H,0).]*,
resulting in reduced electrolyte activity. This study begins with the mechanisms of electrolyte
capacity decay and systematically reviews recent research progress in electrolyte

performance optimization, primarily including strategies such as electrolyte composition

adjustment and pH regulation, the development and application of functional additives, and
ligand molecular design coupled with complexation stabilization, to enhance electrolyte

stability and overall battery performance. Finally, future research directions are outlined,

emphasizing that the development of highly efficient and stable ligand systems and the

construction of novel electrolyte systems are crucial pathways for further improving the

performance of ICRBs.

Keywords: iron-chromium flow battery; electrolyte; complex; capacity decay; hydrogen
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Fig. 2 Schematic diagram of chromium ion
speciation and mechanism for enhanced activity in
iron-chromium flow batteries®™
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