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operando X XAFS

Development of operando soft X-ray XAFS analysis technique for secondary
batteries during charge/discharge operation

Nakanishi, Koji
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We attempted to analyze the charge compensation mechanism of LiNixCoyMnz02

(NCM), a cathode active material for lithium-ion batteries, using not only hard X-ray 3d transition
metals but also soft X-ray Ni, Co, and Mn L absorption edges as well as O K absorption edge XAS
measurements to obtain a detailed all-element measurement. NCM electrodes with different composition

ratios were used as samples. The results showed that Ni exhibited divalent to tetravalent
oxidation/reduction reactions, while Co showed negligible change, Mn did not react at all, and
oxygen, which is not a metal, also exhibited oxidization/reduction (redox) reactions. The charge
compensation is mainly carried out by Ni regardless of the composition ratio of Ni, Co, and Mn,
while oxygen also contributes to the charge compensation.
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