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Abstract

Transmission X-ray microscopy combined with near-edge X-ray absorption fine structure
spectroscopy (TXM-NEXAFS) was performed at the U41 beamline of BESSY II to study
spatially resolved redox evolution in alluaudite-type NazsFei75-;Mny(SO4); cathode
materials for sodium-ion batteries across the desodiation range x = 0-1.75. Full-field image
stacks were acquired over a photon-energy range of ~40 eV around the Fe and Mn L3
absorption edges, with ~25 nm spatial resolution. Shifts in the Fe L3 absorption energies
reveal progressive Fe2* — Fe3+ oxidation during Na* deintercalation. In contrast to the
pronounced changes in the Fe L3 spectra, the Mn L3 spectra show only minor changes
during desodiation, consistent with predominantly spectator-like Mn2* behavior reported for
related Fe/Mn sulfate alluaudite systems [1]. Nevertheless, partial substitution of Fe by Mn
modifies the redox evolution, indicating an indirect role of Mn ions in the process. First,image
segmentation was performed using the materials’ particle-size distribution, derived from
data in the pre-edge regions. Then, NEXAFS spectra from particles in distinct size ranges were
analyzed and compared. These results demonstrate the unique capability of TXM-NEXAFS
spectromicroscopy to correlate particle size and deintercalation kinetics in battery cathode
materials.
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