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First-principles Calculation of Interaction between Boron Atom and Transition Metal Elements in a-Fe

—Effect of Boron on Recrystallization Behavior in Ti Added Ultra-low Carbon Cold-rolled Steel Sheets—
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Abstract

The attractive interaction between B and Ti atoms is supposed to strongly suppress the
recrystallization by the B addition in the Ti added interstitial atom free steel sheets. In this study
the suppression mechanism of recrystallization by the B addition was evaluated by the interaction
energies between B and Ti atoms at the (111)£3[110] symmetrical tilt grain boundary in a-Fe
estimated by the first-principles calculation. The attractive interaction between B and Ti atoms
was obtained for most of the examined atomic sites in the grain boundary. The solute drag effect
of Ti was concluded to suppress the growth of recrystallized grain because of the co-segregation of
B and Ti at the interface between recrystallized and unrecrystallized grain due to the attractive
interaction between B and Ti atoms. The interaction between B atom and transition metal elements
was explained by voronoi volume of transition metal elements and the spin alignment, which can
lead the retardation of recrystallization for the Mn, Cu and Nb addition.
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Atomic structure model of (111)23[110] symmetrical tilt

grain boundary for the first-principles calculation

White and black circles denote different coordinates in
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