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Special Lecture on Grain Boundary Engineering

( at Kumamoto University, 25 November, 2009 )

“Where has Grain Boundary Engineering come from,
and Where will it go ?

Tadao Watanabe
Visiting professor, Key Laboratory of Texture and Anisotropy of Materials, Northeastern
University, Shenyang, China, formerly with Tohoku University, Sendai, Japan,
presently staying at Indian Institute of Science (IISc), Bangalore, India.
Abstract of Lecture:

Firstly, a historical background of the advent of the concept of Grain Boundary Engineering

(GBE) which was proposed by the speaker in 1980s [1] and more recently has been drawing
an increasing attention of many scientists and researchers involving in the development of
advanced structural and functional materials, will be given. Importance of basic knowledge
of the characterization of grain boundaries and structure-dependent grain boundary properties
will be discussed in connection with experimental techniques for the characterization and the
effects of grain boundary structure on mechanical, physicochemical and electrical properties
of grain boundary properties, particularly obtained by bicrystal experiments for metals,
semiconductors and ceramics. New important microstructural factors first introduced by the
speaker, i.e. the grain boundary character distribution (GBCD) and the boundary connectivity,
are discussed which play an important role to bridge a gap between structure-dependent
boundary property of individual boundaries and bulk properties of a polycrystalline material
as basic knowledge of GBE.

Recent successful achievements of GBE for structural materials are shown, focusing on
the control of different types of grain boundary fracture which cause severe brittleness and
poor ductility in polycrystalline structural materials [2], more evidently for nanostructured
smaterials. The possibility of improvement of performance in functional materials is also
discussed taking some examples from recent studies of shape-memory alloys,
electroceramics and photovoltaic polysilicon. Finally, a new challenge of GBE by magnetic
field application is discussed which may have a high potential for future development of
GBE for both structural and functional materials, as demonstrated in recent reviews [3,4].
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