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Development and application of machine learning method for materials design
(‘Institute of Industrial Science, The University of Tokyo)

In recent years, the use of machine learning and data-driven approaches in materials
development has been rapidly advancing. The value of data has grown significantly, and the
ability to possess and utilize meaningful data in accessible formats has become directly
connected to research activities and capabilities. In my presentation, detailed investigations of
spectrum analysis, chemical bonding analysis, and materials development through the
integration of computational science and machine learning will be presented. Furthermore,
approaches to material analysis and inverse design based on these methods will be touched.
Keywords : Machine learning, DFT simulation, atomic level characterization, materials design
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Synthesis of Nano-Polycrystalline Superconducting Materials Using Machine Learning and
High Energy Milling ('Graduate School of Engineering, Tokyo University of Agriculture and
Technology, *National Institute of Materials Science, *Interdisciplinary Graduate School of
Engineering Sciences, Kyushu University, *College of Industrial Technology, Nihon University)

O Akiyasu Yamamoto', Shinnosuke Tokuta', Akimitsu Ishii’>, Akinori Yamanaka', Yusuke
Shimada®, Kazumasa lida*, Satoshi Hata?

A practical application example of Materials Informatics in polycrystalline, multi-element,
high-temperature superconducting materials will be reported. Polycrystalline superconducting
materials have the advantage of being easier to synthesize than single-crystalline materials, but
they are complex systems consisting of a network of numerous crystals and grain boundaries,
making it challenging to understand and control their transport function. To address this issue,
we have investigated mechanochemical synthesis using a high-energy milling method and
process design incorporating machine learning ).

Keywords : Machine Learning, BOXVIA; High Energy Milling;, Nano Structural Analysis;
Polycrystalline Superconducting Materials
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1) Super-strength permanent magnets with iron-based superconductors by data- & researcher-driven
process design. A. Yamamoto, S. Tokuta, A. Ishii, A. Yamanaka, Y. Shimada, M. D. Ainslie, NPG Asia
Mater. 2024, 16, 29 1-10.

2) Integrating Machine Learning with Advanced Processing and Characterization for Polycrystalline
Materials: A Methodology Review and Application to Iron-based Superconductors. A. Yamamoto, A.
Yamanaka, K. lida, Y. Shimada, S. Hata, Sci. Technol. Adv. Mater. (STAM) 2025, 27,
https://doi.org/10.1080/14686996.2024.2436347
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High-throughput search for novel thermoelectric materials in multicomponent systems
(‘Graduate School of Science and Engineering, Ibaraki University) OTeruyuki Ikeda'

The number of constituent elements in materials in practical use and under study in these
days has been increasing due to the complexities required for tuning their properties in various
aspects. For enhancing thermoelectric conversion efficiency, for example, studies are being
conducted to enhance phonon scattering due to nanostructuring via phase transformations or
alloying resulting in lower thermal conductivities, to tune carrier concentrations, or to engineer
band structure, and hence state of the art thermoelectric materials often are composed of three
or more constituent elements. Another example is high entropy alloys, which are composed of
five or more elements and have large configurational entropies. To study such multi-component
materials, much more time and effort are required compared to studying single or binary
component materials. Here, as a tool to study phase diagrams and compositional effects of bulk
materials on material properties, we propose a high throughput approach to exploration of the
relationship between the phase diagram, composition, microstructure, and properties in large
compositional spaces. Both a unidirectional solidification by Bridgman method accompanied
with a steep temperature gradient and a low velocity and a multiple diffusion technique, that is,
sintering powder of multiple elements enables us to prepare samples with compositional
gradation. This approach can greatly accelerate explorations of multi-component
compositional spaces in pursuit of excellent materials. We will provide results on some of our
experimental efforts of studying complex thermoelectric material systems involving silicide
thermoelectric materials, a high entropy material, and so on to discuss the capability of the
techniques.

Keywords : Sintered diffusion multiples; Phase diagrams,; Multicomponent systems
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Multiple element substitution in negative thermal expansion materials with the aid of Bayesian
optimization (‘Insttituite of Integreated Resezrch, Institute of Science Tokyo, *Kanagawa
Institute of Industrical Science and Technology, *Institute for Materials Research, Tohoku
Universit%/) Yusuke Shibata,' Takumi Nishikubo,>! OMasaki Azuma,"* Shink Kiyohara®, Yu
Kumagai

The perovskite compound BiNiOs stabilized by high-pressure synthesis has a characteristic
Bi**0sBi’sNi*"Os charge distribution. It exhibits a pressure induced charge transfer transition
to Bi*'Ni**O; accompanied by a 3% volume shrinkage owing to the contraction of Ni-O bond
stemming from the Ni*" to Ni*" oxidation. Fe substitution for Ni enables a temperature induced
charge transfer transition and BiNi;.Fe.Os exhibits giant negative thermal expansion with
linear coefficient of thermal expansion of -187 X 10°/K, about five times of the existing
materials. This compound is expected to be applied to the suppression of thermal expansion of
resins, but its narrow operating temperature range of about 30 K is problematic. We succeeded
in expanding the operating temperature range to 170 K by substituting multiple elements for
Fe. Proposing compositions with wider temperature range by Bayesian optimization and
experimental evaluation of the thermal expansion properties of the samples with multiple
element substitution were repeatedly conducted.

Keywords : Perovskite; Negative Thermal Expansion;, Charge Transfer; Multiple element
substttution, Bayesian optimization
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1) Colossal negative thermal expansion in BiNiOs induced by intermetallic charge transfer, M. Azuma
et al., Nature Commun. 2011, 2, 347.

2) Suppression of temperature hysteresis in negative thermal expansion compound BiNiiFe,O3; and
zero-thermal expansion composite, K. Nabetani ef al., Appl. Phys. Lett. 2013, 103, 061909.
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Multi-element design of ionic crystals based on metallic crystals (Panasonic Holdings
Corporation) OTomoyasu Yokoyama

Ionic crystals play a crucial role in energy storage and electronic devices. The virtual
screening for new ionic crystals requires the virtual structures. Conventional methods for
generating crystal structures struggle to balance diversity and synthesizability as the number of
elements increases, hindering multi-element design. This study proposes the Met2Ion method,
which leverages the structural relationships between ionic crystals and metal crystals. By
substituting metals with anions (or cations) and placing cations (or anions) in interstitial sites,
new ionic crystal structures can be generated. Using first-principles calculations, we screened
candidate structures generated by our method for multi-element materials with high ionic
conductivity.

Keywords : Crystal Structure; First-Principles Calculations; lonic Conductivity;, Materials
Informatics
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1) T. Yokoyama, et al., arXiv, 2407.02838 (2024).
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