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Li-rich layered oxides (LRLOs) are promising high-capacity cathode materials for lithium-ion 

batteries, offering capacities above 200 mAh g-1 through combined cationic and anionic redox 

activity [1]. Their application is limited by structural and electrochemical instabilities, including 

transition metal redistribution, microstructural damage, and voltage decay [2]. In this study, a Co-

free LRLO with composition Li1.18Mn0.52Ni0.3O2 was synthesized via a solid-state route combining ball 

milling and calcination and tested in lithium cells using both a conventional carbonate-based 

electrolyte and an ionic liquid-based electrolyte. Ex situ synchrotron X-ray fluorescence (XRF) 2D 

imaging at multiple length scales was employed to probe the spatial distribution of transition metals 

within electrode particles. The measurements show that cycling in the carbonate-based electrolyte 

induces manganese redistribution and localized heterogeneities, associated with early 

microstructural changes [3], whereas the ionic liquid electrolyte preserves a more uniform 

distribution of transition metals and a more intact electrode structure. These findings indicate that 

manganese migration contributes significantly to the structural and electrochemical degradation of 

Co-free LRLOs and that electrolyte composition can influence the extent of these effects. By linking 

transition metal distribution to cycling behavior, this study provides direct experimental insight into 

degradation mechanisms in Li-rich cathodes, supporting the development of strategies to improve 

their stability and lifetime. 
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