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Abstract of Thesis

Body centered cubic (BCC) Fe alloy or steel is one of the most widely used structural materials in our society.
It is known that the mechanical and physical properties of steel strongly depend on C content, defect structures,
and other impurity atoms. Vacancy, grain boundary (GB) and dislocation are common defects in polycrystalline
materials and strongly affect to the mechanical properties of the materials. In this study, the segregation
of carbon is explored in @-Fe<110> symmetric tilt grain boundaries (STGBs) and several edge dislocations
Because of the limitation of number of atoms in density functional theory (DFT) calculation, in this work,
the classical force—field method in conjunction with the presently constructed Tersoff/ZBL interatomic
potentials have been used for performing the simulations of very large cells of STGBs and edge dislocations
Fe-C interatomic potential in the framework of Tersoff/ZBL potential has been constructed by fitting its
parameters to reproduce the results of first-principles calculations of various BCC Fe systems with C and
Fe vacancies.

Firstly, I have applied classical force-field simulations using the newly developed Tersoff/ZBL potential
for calculating grain boundary energies. It is found that the present potential give the most adequate results
in comparison with the DFT compared to the other standard classical potentials. The segregation sites of C
are determined by examining the energy landscape of the GB systems, and it is found that C mainly locates
at the GB planes. It is also found that more unstable grain boundary exhibits a stronger interaction with
C. By using the Voronoi construction, it is suggested that there is a close correlation between the segregation
energies of C and open space around C.

Next, in order to confirm the universality of the relation between open space around C and its segregation
energy, I have calculated several edge dislocations and their interactionwith C. It is found that the stabililty
of different seven edge dislocations with <111>, <100>, and <110> Burgers vector are reasonably reproduced
experimental observations and the prediction by elastic theory. By calculating the segragtaion energy of C
as a function of distance from dislocation core of two typical <111>dislocations, it is shown that C is strongly
trapped at dislocation core and dislocation exhibits as a long-range interaction with C comparing to STGBs.
It is also found that the interaction between dislocations and C shows similar tendency to the case of STGBs,
namely the stability of C around the dislocation is related to the Voronoi volume around C.

T summary calculated segregation energy of C in different defects by using the Tersoff/ZBL potential. I
have also calculated the interaction between C and single Fe vacancy. In general, STGBs and edge dislocations
trap C strongly compared to single Fe vacancy, and more unstable defect structures attract C more strongly.
Among the presently calculated extended defects, the <100> edge dislocation is the strongest trap of C. The
obtained tendency might offer useful guideline to analyse atomistic distribution of C in Fe with extended
defects.
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