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Purpose and Background of the Research

® Outline of the Research

Deformation and fracture of crystalline materials proceed by the nucleation and propagation
of lattice defects, such as dislocations, twins, and cracks. The propagation of these lattice
defects tends to be interrupted at grain boundaries or interfaces within crystals. This
phenomenon is one of the primary strengthening mechanisms for crystalline materials.
Therefore, in order to understand the mechanical strength of materials, it is necessary to
investigate the interaction between lattice defects and interfaces upon loading. However,
there are still difficulties to analyze the interactions because they are dynamic phenomena at
the atomic level. In this research, we will firstly develop a new mechanical testing system for
transmission electron microscopy (TEM). Furthermore, through atomic-resolution in situ TEM
mechanical experiments and theoretical calculations, we will reveal interfacial nano-dynamics
phenomena related to the mechanical interactions between lattice defect-interface
(dislocation reactions, crack propagation and interfacial sliding) within crystalline materials.
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Figure 1. Outline of the project

@ Originality and Creatively of the Research

The present research has the originality of investigating the mechanical interaction between
lattice defects and interfaces based on dynamic observations at the atomic level. We have a
unique experimental technique on atomic-resolution in situ TEM mechanical testing using
MEMS (micro electro mechanical systems) loading devices, which provides us a large
technical advantage over other research groups in the world. Based on the present
experimental technique, a next-generation in situ TEM mechanical testing system will be
developed. We aim to acquire cutting-edge achievements on the strength of materials by
advanced atomic-resolution in situ observations.

e Background of the Research Planning
The present project has been planned as progressive research from the KAKENHI project:
Specially Promoted Research “Atom-by-atom imaging of ion dynamics in nano-structures for
materials innovation” (2017-2022) produced by the PI.

To investigate mechanical response of lattice defects, in situ TEM mechanical experiments
have been performed for years. However, most of them are nano-scale observations, and
there are few reports on atomic-scale in situ observations. Our research group has
developed superior experimental techniques including atomic-resolution observation, sample
preparation, and precise loading. To lead the present research project to utilize our
techniques, we will organize scientific principles on the strength of materials.
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Figure 3. Atomic-resolution observations of
interfacial nano-dynamics

® Observations of Nano-dynamics under Actual Environments

With development of the advanced in situ mechanical testing system, in situ TEM
observations with precise control of applied load, temperature, and strain rate are
performed. In order to investigate interfacial nano-dynamics under actual environmental
conditions, we aim to reveal the strengthening mechanisms for practical materials and
establish the design principles of high strength and high reliability materials.
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