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Analysis of Structural Phase Transition of Storage Battery Carbon Negative Electrodes Using
Synchrotron Radiation and Neutrons
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Abstract

This study used synchrotron radiation and neutron diffraction to carry out operando structural
analysis of carbon (graphite) negative electrodes of storage batteries during the charge/discharge
process. Low-temperature operando measurement using synchrotron radiation diffraction and
neutron diffraction was enabled by the development of a new single-cell measurement tool capable
of temperature control. When dQ/dV analysis was performed in accordance with the diffraction
pattern, it was found that, at low-temperature, high-rate discharge, structural phase transition of the
graphite (i.e., stage structure changes) is inhibited and that transition in multiple phases is facilitated.
As a result, it was inferred that this structural transition affects battery low-temperature performance
and high-rate discharge performance. In addition, X-ray diffraction (the fundamental parameter
method) was used to analyze the crystallite size distribution and quantify the carbon structure, thereby
identifying the relationship with battery performance. Furthermore, analysis of the effects on phase
transition due to the crystallinity of graphite during charge and discharge found that the multi-phase
transition phenomena differed due to the crystallinity of the graphite. This analysis also identified
the graphite crystallinity and structural phase transition during charge and discharge, as well as the
relationship between these parameters and battery performance.
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