Successful Nondestructive Two-dimensional Quantitative Analysis of Degradation
of the Charging Capacity of Lithium-ion Secondary Batteries
- Detection and quantification of locations where degradation progresses and impedes the

extension of battery life for each crystal phase of the anode material -
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[Points]

* Use of a neutron beam with high penetrating power to nondestructively observe the progression of
heterogenous degradation inside commercially available batteries

* A new analysis method that takes into account crystal orientation reveals the heterogenous density
distribution of each type of lithium-containing crystal in the anode material at a charged state

* Contribution to higher performance of lithium-ion secondary batteries, such as enhancement of

charge-discharge cycle characteristics
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Nondestructive, quantitative imaging of LIB crystal phase and lithium-ion density using neutrons

[Background]

Lithium-ion secondary batteries (hereafter “LIB”) have a high storable energy density and are suitable
for miniaturization and larger capacities, so they are increasingly used not only in mobile phones and
computers, but also for electric vehicles and renewable energy power storage. In order to use LIB for

long times, it is necessary to suppress deterioration due to repeated charging and discharging.



LIBs are charged by the movement of lithium ions from the cathode material into the anode material
such as graphite. Therefore, analysis of the causes of degradation of charging capacity has called for
acquisition of information such as the type and density of crystals that hold the lithium ions in the
anode material without removing it from the housing. However, due to factors such as the strength of
the crystal orientation, the technology for quantitatively acquiring the crystal information in the LIB

anode material over a wide range had not been realized.

[Summary]

In collaboration with NISSAN ARC Ltd., the High Energy Accelerator Research Organization (KEK),
and the Comprehensive Research Organization for Science and Society (CROSS), researchers in AIST
successfully conducted nondestructive visualization of battery electrode degradation and
quantification of the crystal phase types and densities. This was achieved by applying a newly
developed analysis method to crystal structure imaging (Bragg-edge imaging) measurement by

transmission spectrum analysis of neutron beams on new and degraded LIBs.

Neutron beams have high penetrating power and can penetrate the LIB housing to enable
nondestructive observation of the interior. Furthermore, information on the crystal structure of the
graphite or other anode material can also be obtained by analyzing the transmission spectrum of the
neutron beam. This research group devised and applied a new analysis method that takes into account
the crystal orientation of graphite to visualize the insertion/extraction state, density, and two-
dimensional spatial distribution of lithium ions in graphite anodes, and to quantitatively clarify the
difference between new and degraded LIB products. Utilization of this technology for nondestructive
and operand observation of the LIB degradation process due to charging and discharging can be

expected to contribute to the development of even higher performance batteries.



