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Summary

For a new insight on the mechanical properties of ODS(Oxide Dispersion Strength-
ened) steels, we have evaluated the stable site for Y203 or YTiO3 in bec-Fe, ideal
tensile and shear strength of these Fe with oxides, based on the free energy, solution
heat and lattice stability by using the ab-initio DF'T calculation.

First, we performed DFT calculations for bee-Fe contains Y203 or YTiOg, by using
a supercell consist of 3 x 3 x 3 bee unit lattices. Three models are considered for oxygen
sites around Y-Fe-Y or Y-Fe-Ti axis. It is revealed that the most stable structure is
the model that locates Fe atom at (0,0,0), Y or Ti atoms at £1/2(a,a,a), O atoms
1/2(—a,—a,0),1/2(—a,0,a),1/2(0, a, —a), respectively, here a is the lattice parameter
of bee lattice. That is, the center axis of Y-Fe-Y or Y-Fe-Ti bond is surrounded by
the triangles of O atoms, and the three octahedrons of bee-Fe containing O atoms of
which short axis is directed to [100],[010],[001], respectively, are shared at the center
Fe atom of Y-Fe-Y or Y-Fe-Ti axis.

Second, we have performed the [100] tensile/[111] shear simulations on the Y2Os3-
Fe models and pure Fe, and discussed the change in the valence electron density,
ideal strength based on the lattice instability criteria, etc. For the case of tensile
simulation, we have also evaluated the change in the bond length if we considered not
only the electron density calculation but also structual relaxation by atom motion.
The elastic limit or ideal tensile strength against [001] tension (¢/ = 0) is evaluated
as € = 0.03,0 = 3.8GPa for Fe and ¢ = 0.11 ~ 0.16,0 = 13.9 ~ 16.8GPa for
Y,03-Fe models. As mentioned above, the strong Fe-O-Fe bonds are oriented in the
[100],[010],[001] directions in Y9Og3-Fe model, so that these bonds show high resistance
against the tensile condition of ¢’ = 0, which is close to the hydrostatic tension. The
elastic limit for shear is calculated as ¢ = 0.25,0 = 10.1GPa for Fe, ¢ = 0.30 or 0.29,

o = 8.7 or 10.0GPa for Y,03-Fe models.
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Fig.3.1 Unit cell of fcc lattice.
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Fig.4.2 Schematic of oxygen doping site.
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(c) S-Tioctal A (d) S-TioctalB (e) S-Tiocta2

Fig.4.3 Simulation models for YTiO3 in Fe.

Table 4.1 Calculation conditions.

Feqy Fe14 Y503 Feso Y503
Number of atoms 16 19 57
Number of bands 96 106 334
Cutoff energy (eV) 296 495 495
Number of k points 113 43 43
Fei1sYTiO3 FessYTiOg

Number of atoms 19 o7

Number of bands 107 335

Cutoff energy (eV) 495 495

Number of k points 43 43
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Fig.4.4 Strain perturbation on supercell for evaluation of elastic stiffness coefficients.
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Table 4.2 Determinant of elastic coefficients and total free energy(Y,O3zmodels).

ao(A) detB;;(GPaS) Eo(eV) Eo/N(eV)
Fel6 2.856 1.27x10"2 -132.9 -8.31
octal [J 3.020 5.03x 10 -441.5 -7.75
octa2 2.999 9.54x10" -446.3 -7.83
octad 3.040 8.78x10% -436.8 -7.66
S-octal 3.306 5.64x10° -136.8 -7.20
S-octa2 3.344 5.20x 10" -138.9 -7.31
S-octad O 3.242 2.30x101° -134.9 -7.10

Table 4.3 Determinant of elastic coefficients and total free energy(YTiOsmodels).

ap(A) det B;;(GPa®) Ey(eV) Ey/N(eV)
Fel6 2.856 1.27x10% -132.9 -8.31
TioctalA 2.990 1.07x10" -449.4 -7.88
TioctalB 3.005 9.77x 10! -444.7 -7.80
Tiocta2 2.986 4.91x10" -449.6 -7.89
S-Tioctal A 3.232 2.15x10° -141.0 -7.42
S-TioctalB 3.271 1.67x10° -138.1 -7.27
S-Tiocta2 3.221 5.05x 1010 -140.3 -7.38
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Fig.4.9 Distribution of valence electron density(Tiocta2)0
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Fig.5.1 Simulation models.
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Fig.5.5 Changes in the distribution of valence electron density(octa2)0
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Fig.5.6 Changes in the distribution of valence electron density(S-octa2)0
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Fig.5.7 Changes in the distribution of valence electron density(octa2(relaxed))d
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Fig.6.1 Simulation model(Fe6 model).
Table 6.1 Calculation conditions.
Fe6 model octa2 model S-octa2 model
Number of atoms 6 51 27
Number of bands 36 298 154
Cutoff energy (eV) 296 495 495
Number of k points 22 x 10 x 14 4x4x4 4x4x4
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(e) Top view of octa2 and S-octa2.

Fig.6.2 Simulation models(octa2 and S-octa2 models).
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Fig.6.5 Stress-strain curves in z[100] y[010] z[001] orientation.
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