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Formation Mechanisms of Ultrafine Grained Structures in Severe Plastic Deformation of Metallic Materials
Nobuhiro Tsull

Synopsis : Formation mechanisms of ultrafine grained structures in severe plastic deformation (SPD) of metallic materials are overviewed and discussed

on the basis of experimental results. It is concluded that the formation of ultrafine grained structures in SPD can be understood in terms of

grain subdivision. The ultrafine grained structures in the as-SPD materials are essentially deformation structures, although they can be simul-

taneously considered as grain structures from a viewpoint of large misorentation to each other. When the SPD processed materials are an-

nealed, a continuous change in microstructures can happen, which might be called continuous recrystallization. The phenomenon is funda-

mentally discussed after determining the nucleation events in recrystallization.
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Fig. 1. Boundary misorientation maps obtained from EBSD measurements of the IF steel ARB processed by (a) 1 cycle, (b) 3 cy-
cles, (c) 5 cycles, and (d) 7 cycles at 500°C. The EBSD measurements were carried out on the longitudinal plane perpen-

dicular to TD of the sheets.
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Fig. 2. TEM microstructure and corresponding misorien-
tation map of the IF steel ARB processed by 3 cy-
cles (e=2.4) at 500°C. The observation was done
from TD.
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Fig. 3. Schematic illustration showing grain subdivision processes in polycrystalline metals.
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Fig. 4. TEM microstructure and corresponding misorien-
tation map of the IF steel ARB processed by 7 cy-
cles (e=5.6) at 500°C. The observation was done
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Fig. 5. Distribution of boundary misorientation measured by EBSD of the IF steel ARB processed by (a) 1 cycle, (b) 2 cycles, (c)

3 cycles, (d) S cycles, and (e) 7 cycles at 500°C.
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Fig. 6. TEM microstructures of the IF steel ARB processed by 1, 3 or 7 cycles at 500°C and then subsequently annealed at various

temperatures for 1.8 ks. Observed from TD.
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(a) 500°C e

2' (b) 600°C V o
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Fig. 10. ND orientation color maps obtained from EBSD measurements of the IF steel ARB processed by 7 cycles at 500°C and
then subsequently annealed at various temperatures ((a) 500°C, (b) 600°C, (c) 625°C, and (d) 650°C) for 1.8 ks. Observed

from TD.
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