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Various kinds of application-oriented lithium ion batteries (LIBs) are produced in large
scale. Uniform reaction inside the battery leads to the maximum performance of the battery. It
is difficult so far, however, to observe phenomena and examine their distribution inside
operando LIBs. High-energy X-ray from storage ring and neutron beam can penetrate the
depth of LIB and clarify reactions and their distribution inside LIB even covered with metal
case. The authors devised some new technology to examine reactions inside LIB using
SPring-8 beam line[1-3].

Reaction distribution has a hierarchy; crystallite, primary particle of polycrystalline,
secondary particle, one dimensional depth distribution of composite electrode, two
dimensional facial distribution of composite electrode, battery-to-battery in battery pack, and
module-to-module in battery system.

We focus on the distribution through the depth of LiCoO; (LCO), LiNiy3Mny3C01/30;
(NMC), and LiFePO, (LFP). Space sensitive X-ray absorption spectroscopy and X-ray
diffraction revealed that the distribution is more remarkable for the composite of low porosity
than for the one of high porosity[4, 5]. Charge and discharge at high rate causes large reaction
distribution through the depth of composite electrode. The distribution is relaxed under
potential resting or open circuit for the composite electrode for LCO and NMC active
materials but not for LFP. This different behavior is ascribed to the potential change
depending on lithium content of the materials. A local cell formed inside the composite
electrode relaxes the distribution. Very flat potential change with lithium content of LFP gives
little motive force for relaxation of the distribution.
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