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ABSTRACT Using the first—principles self-consistent discrete variational method (DVM) based
on density functional theory, the effect of impurity S on the electronic structure of the kink on the
[100](010) edge dislocations (ED) in bcc iron was investigated. The segregation energy, interatomic
energy, local density of states and charge density were calculated. The results show that S atom
obtained electrons from its neighboring Fe atoms when a S atom was introduced into interstitial sites
in the kink. It was found that there are a strong hybridization between S—3p with Fe-3d4s4p states,
which led to the strong orientation bonding between them and may not benefit to toughness of material.
The interactions between the Fe atoms are decreased due to Fe atoms loss electrons, which is beneficial

to the migration of kink, and may decrease the strength of material.
KEY WORDS bcc Fe, electronic structure, edge dislocation, kink, S element
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related kink
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Table 1 The interatomic energies E;,, for selected atomic
pairs (see Fig.1b) in the kink system with and

without impurity

(eV)
Atomic pair Energy Eip,
Clean kink Kink with S
S-Fel - -2.03
S-Fe2 - -2.80
S—Fed - -1.76
Fe2-Feb -1.80 -0.94
Fe3-Fe5 -1.92 -1.99
Fel-Fe2 -1.92 -
Fe2-Fed -1.42 —0.08

® 2 SMFHENE S RTEFERTREARTRIES Fe FFRHE Mulliken 5EH N REFHENL AQ(= N -

Zval, Zva) BREANRFHRENES EH)

Table 2 Mulliken populations N and charge differences AQ in every valence orbital of impurity and its neighboring

Fe atoms in the clean kink and the impurity-doped systems. Here AQ = N — Z,,1 (Zval is the standard

number of valence electrons per atom)

System Valence orbital N(AQ)
S Fel Fe2 Fe3 Fed
Clean kink 3d - 6.328 6.339 6.294 6.331
4s - 0.754 0.747 0.785 0.767
4p - 0.897 0.935 1.054 0.890
- (~0.021) (0.021) (0.133) (~0.012)
Kink with S 3s 1.722 - - - -
3p 4.471 - - - -
3d - 6.365 6.371 6.398 6.378
4s - 0.665 0.642 0.630 0.666
4p - 0.927 0.907 0.860 0.804
(0.193) (~0.043) (~0.080) (-0.112) (~0.152)
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