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ABSTRACT First-principles DMol method within the framework of density functional theory is
used to study the effect of Ti ou bee Fe® 3 [110){111) grain boundary cchesion. The difference of
segregation energies of a Ti atom at the grain boundary and at the free surface equals to —-0.372 eV
indicating that Ti is a cohesion enhancer. Further analyses show that the chemical and mechanical
effects equal to -0.713 eV and +0.341 eV, respectively. The chemical effect plays a major role but
mechanical effect can not be neglected in the computation. At the same time, the effect of Ti on boud
is also analyzed. When Ti segregates on grain boundary, it can make the bouds across grain boundary
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stronger than that of clean graiu boundary, that reflects the strenghthening action of Ti.
KEY WORDS Ti. bee iron grain boundary, First—principles, strengthening action
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Fig.l The atomic configurations of ber Fe in model
cluster for E.’i[liﬂ][lll} grain boundary (a) and
Fe{111) free surface (b}. The marks [} and @
represent different layers along Y[110] direction,

respectively. =0 plane present grain bound-

ary plane in (a) and surface in (b}, respectively.
The atoms labeled numbers are relaxed by DMal
method, the arrows point to the moving direction
in DMol relaxation. No.1 in (a) and (b} is the
substitution site
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Fe ES [110}1111) boundarv (GB} and free surface
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(0.1 mm}
Atomic number GH F3
1 0 oD —0.335
2 047 u.010
. N.032 0.00s
10 7.113 - 235
32 0.018 0 47
36 0.052 0.035
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Table 2 Calcnlated grain bonndary and surface segregation
energies (AF,y,. AFE.} of Ti/Fe system

[eV]
Effect AFL AF, AEy — AE:
Chemical —2,205 —1 582 -0.713
Relaxation -0.125 —0.466 0.341
{mechanical|
Total —2.420 —2.048 -0.372
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Table 3 Mulliken populations of valence arbitals of
doped atom and its neighbor atoms in the brc
FeES[lID][lll) grain boundary. Total is the sum
of the populations in all valence orbitals of atom,
Ng, N are the populations of the atoms n the
clean and doped grain boundary, respectively. AN
= N -7y is the changr mduced by the doped Th

atom
Atom arbit Nu N A0
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