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Operando X-ray diffraction and absorption
spectroscopy to better understand battery materials
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Li-ion and Na-ion batteries operate thanks to reversible intercalation reactions of the intercalant cation (A
= Lit or Na™) with the host compound (A,H) used as the active material of the positive electrode (often
referred as “cathode”). These intercalation reactions typically exhibit two types of reaction mechanisms: (i)
homogeneous reactions (single phase or solid solution), which involve the formation of a non-stoichiometric
compound whose insertion content x in A;H continuously varies throughout the intercalation domain X in,
2 X 2 Xmaa; OF (ii) heterogeneous reactions (multi-phase) which involve the nucleation and growth of a sec-
ond phase AyH (where y # x) as a result of the compositional changes occurring within the electrode. In
single-phase reactions, the host structure does not suffer from major structural changes other than a contin-
uous variation in volume to accommodate the change in composition, which is generally considered to be
more favorable for fast diffusion than the moving interface found in two-phase reactions. On the other hand,
depending on the rate at which these intercalant reactions occur (i.e. depending on the rate imposed to the
battery for the charge and/or discharge processes), the electrodes materials are driven away from the equilib-
rium conditions, which can provoke significant differences in their reaction mechanism, for example changes
on the phase transitions sequences.

In this talk, we will illustrate how operando powder X-ray diffraction (XRD) and absorption spectroscopy
(XAS) experiments provide valuable insights for the understanding of the reaction mechanisms in electrode
materials such as Li-rich layered oxides [1], the high-voltage spinel LiNiy.sMnj.504 [2] and the Na-ion tri-
phylite (olivine-type) NaFePO,4 and NaFep.sMng.2PO4 cathode materials [3,4].
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