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Challenge for the Strengthening by Grain Refining
Setsuo Takaki

Synopsis: Grain refining is a useful strengthening technique not only for iron and steel materials but also for all of metallic

materials, because the ductility of materials is not reduced so much in comparison with the other strengthening

techniques like work-hardening, precipitation hardening and so on. Besides, the other functional properties such as

corrosion resistance are also greatly improved by ultra grain refining to around 1pum. By conventional processes,

however, it is not so easy to obtain such a fine-grained structure and it is true that there is a high hurdle at around

1um for grain refining. In this paper, excellent properties are introduced on the steels with ultra fine grains of 1um

or less, and problems on ultra grain refining are described.

Key words: ultra grain refining; Hall-Petch relation; mechanical property; transformation; grain boundary energy; strain energy;

dislocation.
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Fig.1. Hall-Petch relationship in a austenitic stainless steel.
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Fig.2. Relation between grain size and the stress required for grain
boundary fracture.
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Fig.3. Effect of grain size on the relation between segregation
coefficient and temperature.
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Fig.4. Relation between dislocation density and total strain energy
in a unit volume of iron.
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Fig.5. Relation between grain size and total grain boundary energy
in a unit volume of iron.
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Fig.6. Change in hardness of iron powder with mechanical milling.
Hardening in an iron sheet by heavy cold-rolling (98%
reduction in thickness) s also shown for reference.
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Fig.7. Hall-Petch relationship in iron materials with ultra fine
grained structures. Data after Hayashi et al. are obtained in
bulk materials produced from ultra fine iron powder 4.
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