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Abstract of Doctoral Dissertation

Title: Development of a high-performance soft X-ray absorption
spectroscopy beamline and its application to the
characterization of secondary batteries

YvIH AR
YAMANAKA Keisuke

The thesis describes both the development of a high-performance soft X-ray absorption
spectroscopy (XAS) beamline specified for the secondary battery characterization and several new
results of secondary batteries obtained by this soft XAS method.

For developing high-performance secondary batteries, characterization of battery electrode materials is
indispensable and soft XAS is one of the important methods for this purpose. However, soft XAS has
been applied much less than hard XAS due to experimental difficulties. Thus, a soft XAS beamline
(BL-11) at the SR Center, Ritsumeikan University has been developed to specify secondary batteries. In
this thesis, three kinds of detection modes have been installed to work simultaneously with different
probing depths: total electron yield (TEY), partial electron yield (PEY), and partial fluorescence yield
(PFY). In addition, a sample transfer system has been developed to transfer samples disassembled from
a battery cell in a glove box to a new XAS chamber of BL-11 without exposing it to air.

Recently, lithium-excess layered metal oxide cathodes have been found to exhibit much higher
capacity than the conventional metal oxide cathodes. To explain the high capacity, not only transition
metals but also oxygen atoms should take part in the charge compensation during charge/discharge
processes, but there has been no explicit experimental evidence. Thus, we measured, under an ex-situ
condition, Mn L- and O K-edge XAS spectra of disassembled cathodes of LioMnOs, a typical Li-excess
cathode material, in the charge/discharge process. It is revealed that during this process, there exists a
process, in which not Mn, but only oxygen atoms contribute to the charge compensation. Further
detailed analysis revealed that peroxide ions are generated in the first charge process and contributive to
the charge compensation in subsequent processes.

So far, almost all of the soft XAS experiments have been done under ex-situ conditions. Due to a strong
demand for an operando soft XAS, we developed an all-solid-state battery system using a Li-conducting
glass ceramic electrolyte for operando soft XAS experiments. Choosing LiMn;0O4 as a positive electrode
material, we first observed Mn L- and O K-edge XAS spectra of the dynamic states of LiMn,O4 during
charging, and it is revealed that the valence change of Mn was closely related to the charge
compensation of O in charging process. This newly developed battery system opens a route for further

operando soft XAS experiments.



