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Multiscale Computing and Informatics Aided Optimization for
Perovskite-type Fast Li-Ion Conductive oxides
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To develop better performance battery device, obtained new material with specific function and
outstanding performance is necessary, solid-state electrolyte as a very important part of all
solid-state Li-ion battery still has some unsolved problems need to be conquered. Obtaining the
knowledge of the ion conduction mechanism in the solid material is a very important path to
improve the related researches. In this thesis, lanthanum lithium niobite (LLNO), a perovskite-type
LLNO derivative introduced in section 1.4.3, is focused as a n attractive candidate for fast Li-ion
conductor, since this series of materials has many structural advantages compared with LLTO, it has
higher concentration of cation vacancy sites, and larger lattice volume than LLTO, which are
interesting structural advantages, supposed to form effective Li-ion migration path-way. The

structure and property details will be introduced at the head of Chapter 2 of this thesis.
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The unrevealed atomic arrangement of Li/cation/vacancy in LLNO is the key to solve this
problem. We hope to link the atomic crystal structure with physical properties
such as ion diffusivity, it is expected to be a powerful method for other type solid-state electrolytes,
and guide research to design new material.

In Chapter 2, we used DFT calculation combined with cluster expansion (CE) and Monte Carlo

(MC) simulation in multiple scale to reveal the possible modulated arrangement of cation/vacancy of
LLNO and dictated the available pathways for Li-ion. The computational results reproduce the
stacking of alternate La-rich and La-poor layers along the c-axis, consistent with the experimental
data. In addition, two possible modulated structures for the La-rich layers were discovered. These
should help explain the lower-than-expected ionic conductivity and the possible Li-ion migration
pathways in the material. Based on the presented MC simulations, we conclude that the two types of
low-energy structures, the closed and striped arrangements, may co-exist in the real system. The
modulated structures in experimental studies are likely to be numberless nanodomains composed of
these two arrangements.
In Chapter 3, we adopt DFT-derived force field molecular dynamics (FFMD) simulation via a
metaheuristic approach to investigate the migration behavior of Li-ion in LLNO with specific
modulated structure. The results indicate that the type of modulated arrangements of La/ Vac has a
significant influence on the migration of Li ions. Moreover, the estimated diffusion coefficients of
the modulated structures are higher by a factor of 10 than those of La/Vac disordered models at 800
K. The migration energy in the ab plane appeared to be much lower than along the c-axis,
controlling the modulated arrangement of LLNO is beneficial to eliminate La-ion blockage during
long-distance migration. The research scheme of this work is also applicable to other solid
electrolyte materials, which provides research guidance for high-throughput material retrieval.

In Chapter 4, we used conventional experimental method to dope modified the properties of
LLNO, except for the experimental part, as an extended exploration of proof-of-concept. Our
computational simulations proved that the Bayesian optimization (BO) method can effectively
search for the best material composition, so material retrieval during the exploration period can
benefit from BO. This has guiding significance for the traditional materials industry that explores

new materials through trial and error.
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論文審査結果の要旨




