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Thesis Summary (approx.300 English Words )

It is necessary to understand interfacial battery reactions both in the repetitive and higher voltage regions
in order to fabricate next-generation high-density lithium batteries. In this study, side reactions at the
interface of the lithium battery cathode were first investigated, and then some improvements were made in
those reactions. Initially, capacity deterioration of the batteries was suppressed by conducting nanocracking
of cathode active particles. This nanocracking prevention was achieved owing to the nanocomposition
effect in polycrystalline Li(Ni,Co,Mn)O2, as determined by the grain boundary investigation conducted
using NanoSIMS analysis. Higher concentration of Li/Ni in the grain boundary resulted in a remarkable
resistive film growth in the boundary, then lead to the nanocracking. Such Li/Ni homogeneity in the
polycrystalline nanostructure could be achieved by a post-annealing technique, which resulted in cracking
suppression. A theoretical modification effect of the grain boundary was also investigated using an epitaxial
Li(Ni,Co,Mn)O2 model electrode. The protective film modification on the electrode surface could prevent
the resistive-film generation. Using productive polycrystalline particles, it has been demonstrated that the
modification is quite effective not only at the surface but also at the grain boundary. High-voltage stability,
especially for improving gas evolution, has also been discussed. The key issue considered is the anion
intercalation property of the carbon conductive agent in the cathode matrix. Reversible anion intercalation
takes place at the interface between the carbon agent and the electrolyte. The results show that the greater
anion intercalation capacity of the conductive agent resulted in a large gas evolution in the batteries.
Because of its active material-like properties, carbon conductive agent and LiNigsMn1504 spinel construct
a local battery, in which the conductive agent works as a reducing agent and the LiNiosMn1504 spinel acts
as an oxidative agent. The open circuit voltage degradation of the batteries could be an indicator of mutual
redox processes proceeding in the composite cathode matrix comprising carbon, LiNigsMn1504 spinel, and
an anion-containing electrolyte.

Thus, the results show that the analysis of interfacial reactions in the epitaxial model electrodes provides
quite useful information for the productive particle designing. The results also show that the precise
understanding of the mutual interfacial reaction occurring in the composite electrodes could support a

development of the next-generation lithium batteries.
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