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Outline

= Density functional theory and tight binding
= Pure iron

= Carbon in iron

= Hydrogen in iron
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Tight binding models

d-sc d-fx sd-sc sd-fx Target
K (Gpa) 161 174 185 192 168 (Expt.)
C’ (GPa) 50 50 55 45 53 (Expt.)
css (Gpa) 118 117 106 100 122 (Expt.)
A Epcp e (MRY) 8 6 6 6 15 (LSDA-GGA)
HY_ (eV) 2.0 1.6 1.61-1.75 (Expt.)
2.0 (LSDA-GGA)
HY (eV) 1.16 0.81 1.12-1.34 (Expt.)
0.65-0.75 (LSDA-GGA)
a b c bja c/a V/[Viyy
0-Fe;C TB 495 6.79 442 137 089 0.96
LSDA-GGA 5.13 665 446 130 086 0098
Expt. 509 674 452 132 0.89
e-FeiC TB 4.63 8.64 1.87 093
LSDA-GGA 4.74 8.63 1.82  0.98
Expt. 4.77 8.71 1.83
HM  Ep(l)  Epk)  HX"(tet)y HY(d)
LSDA-GGA  0.87 0.47 1.50 1.48 1.00
TB 0.81 0.35 1.55 2.11 0.63




Iron carbides
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Carbon diffusion in ferrite
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P.P.D. =p(z,2,T)/Z F = —EkTlog Z

Z = Ze_Ei/kT = /d;r plx,x,T)
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pe(qere) = / Dq(u)Dr(u)o(ge—qo)d(re—ro) exp{—Sg(u), r(u)]/h}

Ze(qe) = /drcp(qc-rC)
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In D (m%s)
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Conclusions

= Tight binding can be nearly as reliable as density
functional theory

= \We now have models for C and H in Fe

Paxton and Elsasser, Phys. Rev. B, 82, 235125
(2010); ibid, 87, 224110 (2013)

= We have a fully quantum mechanical prediction of the
diffusivity of H in ferrite



