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Development of operando Techniques for Battery Study using SPICA
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SPICA, a new special environment powder neutron diffractometer was built at BLO9 in the Material and Life science Facility
(MLF) of the Japan Proton Accelerator Research Complex (J-PARC). This is the first instrument dedicated for the study of
next-generation batteries and is optimized for real-time measurements to determine the structural changes of battery
materials at the atomic level. To observe real-time structural changes of materials in the practical device, the diffractometer
with a good balance between intensity and resolution is needed. Therefore, SPICA is designed so that the sample position
locates at 52 m from the thin side of the decoupled-poisoned moderator for high resolution as well as the elliptical
supermirror guide tube is adopted to enhance neutrons at the sample position for high intensity. As the results, the highest
resolution, Ad/d of 0.09 % is achieved at the back-scattering bank, and the neutron intensity gains 4 times larger than the
tapered-straight guide [1].

The operando diffraction experiments were carried out. The structural changes of the active materials, which is dependent
on the lithium content, is clearly observed [2]. The lattice parameters for the anode and cathode materials as a function of
the lithium content were extracted from the diffraction patterns. And an automatic data analysis procedure was also
developed. Z-Rietveld which is an original Rietveld refinement software in J-PARC [3] can handle the large number of
diffraction data provided by the operando observation and sequentially refine the structures of both electrodes. The full-
scale usage of SPICA has just begun. In this presentation, the more details of operando measurements on SPICA will be
reported.
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