Neutron aided battery analysis: status and prospects
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Rechargeable batteries such as lithium ion batteries (LIB) are widely used for portable
devices and electric vehicles. For enhancing their performances, it is necessary to elucidate
phenomena occurring inside the batteries under operating conditions and to design new
batteries based on the analytical results, instead of empirical methods.

Neutron as a highly transparent probe is promising to capture the phenomena inside the
batteries that are generally sealed in the metallic container. The ability to detect light elements
such as lithium and oxygen is also useful, when compared with X-ray based analysis. To
clarify the structural changes of LIB materials during battery operation (operando), high
resolutions of time and d-spacing are both indispensable, which has been challenging for
neutron aided methods. If the battery is discharged at 0.5C rate (full discharge in 2 h) and
information in each 10% of the discharge process is required, a single measurement should be
ended in 12 min. Moreover, insertion-extraction type materials used for LIBs shows small
structural changes, for example, 1% per full discharging (0.1% in each 10% of the process),
demanding high d-spacing precision to clarify the changes.

Thanks to the recently developed strong neutron beam facilities, dynamic behavior of the
electrode materials such as graphite is now available, showing its non-equilibrium behavior
on discharging/charging. Other applications including the use of isotopes will be also
presented, demonstrating the importance of neutron-aided battery analysis.
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