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Density Functional Theory (DFT) .
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Since Is the same, the total energy must be the same too.

Need to find approximations for V4 using theory of
Interacting electron gas (LDA, GGA).

Note: Ground state theory — T = 0 K, can consider ~ 100 atoms
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S5 Grain Boundary in BCOron

S5[001] {013} Tilt Grain Boundary in BCC-Fe
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Average Binding Energies & in BCGFe Q
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Binding energy increases with size of solute atom
but also magnetic contributions (see e.g. Cr and Mn)

Nb with higher binding energy compared to Mo, Ti, Mn, Si and V
® strong interaction of Nb with grain boundaries (consistent with recrystallization delay)
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Diffusion Coordinate

Fe V Mn Cu Ti Nb Mo
Q, (eV) 2.24 2.05 1.97 2.11 1.92 1.88 2.09
Quuk(eVv) 2.84 2.6 2.37 2.49 2.35 2.21 2.53

Qb/Qouik

Activation energies &5 boundary
approximately 80-85% of those for bulk diffusion
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Magnetic Configurations for FGEe
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Non-Magnetic (NM), Ferro-Magnetic (FM), Anti-FM (AFM), Spacti
Quasi-random Structure (SQS), DAFM (double-layer AFM), and non-
collinear (NC) configurations vs. the lattice constant in fcc Fe.
Note:: 3.56A lattice constant concluded from experimental studies



DAFM Structure for FCcFe
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Schematics of DAFM structure for fcc Fe For relaxed pure bulk lattice:
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Vacancy formation energy:. Activation energy:.
DAFM state: 1.72eV DAFM state: 2.81eV, 2.46eV, 2.65eVaqt
Experiments [1]: 1.70 0.2eV b, cpositions

[1] Kim SM, Buyers WJL. Journal of Physics F-Metal EXperiments: 2.80~2.94 eV;
Physics 1978;8:L103 Temp. 1223~1473 K
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whereE,, andE, are the total energies of bcc-fcc interface with and withoutesolut
Eg+x andE are the total energies of fcc bulk with and without solute.
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Relative Binding Energies for Solutes Wlt!
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Similar binding energies predicted for Nb, Mo and Mn &s5at

Nb: 40 kJ/mol
Mo: 20-30 kJ/mol
Mn: 10-20 kJ/mol
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Sl Effect of Nb on Phase Transformation %)
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Solute Drag based Transformation Mode@
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Conclusion & Outlook

* Promise of multi-scale modelling approach to
account for effect of solutes on austenite
decomposition kinetics

* Reliable trend predictions but still need a limited
number of physically well defined fit parameters

* Need to extend current model from binary/ternary
systems to more complex steel chemistries, e.g. Nb-
Mo Interaction

e Challenges: Ab-initio simulation of paramagnetic
FCC-Fe and extension to bainite transformation



