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Grain Boundary Migration and it’'s Mechanism of Fe-3wt%Si Solid Solution Bicrystals
Hideharu Naxasama, Toshiyuki Uepa, Sadahiro Tsurekaws, Katsushi Icmxawa and Hideo YosHiNacA

Synopsis : The migration kinetics of the (221)29 coincidence and random grain boundaries in Fe-3wt%Si solid solution bicrystals
was experimentally studied at temperatures between 1200 and 1625K by a capillarity technique. The driving force and
the mobility for the grain boundary migration was calculated from the experimental results. On the basis of the
calculations, the mechanism of grain boundary migration was discussed.

There are two different mechanisms of the grain boundary migration for both the grain boundaries depending on the
annealing temperature and the driving force. At lower temperatures, the migrating rate is small and the mobility is
about 4 times larger for the (221)X9 grain boundary than the random grain boundary. At these temperatures, the
activation energies of the grain boundary migration for both the grain boundaries are almost the same and coincide with
that of the intrinsic diffusion of Siin aFe. Thus, the rate controlling process of the grain boundary migration seems to
be the dragging of solute atmosphere formed along the migrating grain boundary. On the other hand, at higher
temperatures, the migrating velocity is large and the mobility is greater for the random grain boundary than for the (221)
X9 grain boundary. The activation energies of the grain boundary migration for both the grain boundaries are about 3/4
of those of the self diffusion in «Fe. Therefore, the grain boundary migration at these temperatures is considered to
be controlled by the grain boundary diffusion. The transition temperature between the two different mechanisms
decreases with increasing driving force. This may be due to breaking away from the solute atmosphere for the

migrating grain boundary.

Key words : Fe-3wt9%Si alloy ; oriented electrical steel sheet ; texture; secondary recrystallization ; grain boundary migration; &
9 coincidence boundary ; random boundary ; capillarity technique.
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Fig. 1. Illustration of capillarity technique.
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Fig. 2. The relation between f(a) and «.

Fig. 3. Photomicrograph of a typical migrating
grain boundary.
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Table 1. Chemical composition of Fe-3wt%Si bi-
crystals.

(wt9)

o3 Si Mn P S Ni Cr Cu | Mo Al Ti Sn N B

00019 | 3.28 0.005 | 0.002 | 0.0001 | 0.002 0001 | 0004 | 0.004 | 0.001 0.002 | 0.001 | 0.0003 | 0.0001
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1s 1300K and the angle a is 29°.
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