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Production of lithium-ion batteries expands every year, and now rechargeable batteries are used not only in portable devices, but also in stationary energy storage systems. The total cost of such equipment is extremely high due to expensive Li-ion battery, and an alternative economically viable and sustainable solution is necessary. One of the possible ways is to use potassium instead of lithium. Due to widespread resources and high abundance of potassium in Earth crust, it is much cheaper. Among potassium-based crystal structures used are layered oxides, polyanionic compounds, and Prussian Blue Analogs (PBAs). PBAs correspond to the class of materials with the K2M1[M2(CN)6]·nH2O composition, and the K2Mn[Fe(CN)6]∙nH2O cathode material reaches 460 Wh·kg-1 energy density, which is attractive for practical applications. Therefore, potassium-based Prussian Blue Analogs are suitable for medium- and large-scale usage in stationary energy storage systems.
However, due to relativity high ionic radius of K+, cathode materials undergo large volume expansion/contraction on cycling, which causes mechanical stresses leading to capacity degradation. One possible way to solve this problem is to decrease the particles size and to include a stabilizing cation. Cobalt is one of appropriate choices, because it has an ionic radius close to that of Mn and Fe, the same coordination environment, and is electrochemically inactive. Partial Co substitution might help in crystal structure stabilization during charge/discharge forming a more stable framework, and neglecting capacity degradation.
In this work, a solid-solution of K2-δMn1-xCox[Fe(CN)6]y∙nH2O, with the ratio of Co content of 0, 0.05, 0.10, …, 0.90, 1, was synthesized, and crystal- and microstructure were determined. Elemental analysis by energy dispersive X-ray analysis was done, and a correlation between Co, Mn and K content was found. Electrochemical properties, diffusion coefficients of K2-δMn[Fe(CN)6]y∙zH2O, K2-δMn0.9Co0.1[Fe(CN)6]y∙zH2O and K2-δMn0.5Co0.5[Fe(CN)6]y∙zH2O, and cycling performance of the materials in K half-cell were analyzed. The diffusion coefficient of the studied materials exceeds ~10-13 cm2/s, and the low Co content (up to 20%) is noticed to reproducibly stabilize the charge/discharge processes without the dramatically decreasing of the capacity values. It was also observed that Mn and Fe redox potentials linearly depend on the cobalt content. In this presentation, we will discuss the interrelations between composition, structure and electrochemical properties of this solid solution in detail.
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