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In recent years, metal alloys have been required to meet the needs for hydrogen storage,
biocompatibility, and other properties that did not exist in the past, and there is a concern that this process
will lead to the depletion of new rare-metals. In addition, there is a need for materials that satisfy
requirements in many different directions, such as reducing the materials used for existing applications by
replacing them with higher-performance materials, saving resources other than metallic materials by
making them lighter, and reducing the hazardous properties contained in many rare-metals. Therefore,
current materials development is conducted with the aim of improving the mechanical properties of
existing materials, thereby reducing dependence on rare elements and decreasing the number of rare
elements used. Four major methods are used to increase the strength of metallic materials, which is
particularly important among their mechanical properties: solid solution strengthening, precipitation
strengthening, dislocation strengthening, and grain refinement strengthening. However, it has been
reported that strength and ductility can be simultaneously improved in several materials by a technique in
which microstructures are produced by applying strong strain to metallic materials. It has also been
reported that not only increased strength, but also various functional properties can be enhanced, and it
has been pointed out that the microstructure formed by strong strain may be different from that formed in
existing materials.

Although materials produced using such severe strain are expected to have the potential for
versatile use, there are still many unanswered questions regarding the orientation relationship of the
microstructure and deformation microstructure formed after the application of severe strain. Therefore,
the purpose of this paper is to clarify the crystallographic characteristics of microstructures formed in
metallic materials subjected to severe strain working. In recent years, Electron-Back-Scatter-Diffraction
(EBSD) has been used to determine crystallographic features. The microstructures formed in metallic

materials subjected to high strain processing were analyzed based on this method.



Mechanical milling, a type of ultra-hard powder processing, can be used to produce powders
with a processed layer of nanocrystal grains on the surface of the powder. By sintering such powders, a
harmonic microstructure with a three-dimensional interconnected mesh structure can be formed, in which
the fine grain region (shell) envelops the coarse grain region (core). In a previous study, it was reported
that an increase in strength and ductility was observed when the harmonic microstructure was applied to
a Ti-25Nb-25Zr(TNZ) alloy, a type of B-type titanium alloy. The result of microstructural analysis in this
study revealed that the increase in strength and ductility observed in the Ti-25Nb-25Zr harmonic structure
material is not only due to the harmonic structure, but also to the increase in the concentration of Fe
elements mixed during the mechanical milling process, which changes the deformation behavior of Core
in TNZ alloys with harmonic structure from {332}<113> twinning deformation to sliding deformation. In
addition, the slip deformation and {332}<113> twin deformation, which changed from {332}<113> twin
deformation, formed a Transition - Deformation - Band (TDB) with the characteristic of forming at a
common <110> axis rotation, which was found to be formed by increasing critical stress of {332}<113>
deformation twin formation due to an increase in the concentration of Fe elements. The peculiarity of the
crystallographic orientation relationship of the microstructure formed in (o+y)2-phase stainless steel
SUS329J1 by ultra-high-pressure-torsion (HPT) machining is discussed, with a comparison to the
crystallographic orientation relationship of the microstructure formed in ordinary powder sintered
materials. As a result, it was shown that the HPT material has not only strong anisotropy, but also a unique
crystallographic orientation relationship that is not observed in the homogeneous material. The results of
the comparison with the features found in other metals indicate that the presence of crystallographic

features found in HPT material may indicate superior mechanical properties.



