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Order-N DFT Calculations by OpenMX Code
OpenMX Code Developed by T. Ozaki (JAIST, Japan)

DFT (GGA), Norm-Conserving Pseudo-Potentials,

Optimized Atomic Orbital Basis,

Order-N Calculation via the
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NaCl-type Carbides; TiC, NbC and VC as Precipitates
for Strengthening Steel

Even for Baker-Nutting Orientation, There Remains Baker-Nutting
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Transition from Coherent Interface to Semi-coherent
Interface by the Interface and Strain Energies

Divide-Conquer and Krylov-
Subspace Methods.

Order-N is
Attained !

Computational Time
vs Number of Atoms
R OpenMX

Absolute Errors vs
Truncated-Cluster

Size '
Applicable to
Metallic Systems
by Controlling the
Cluster Size
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Several Thousands of Atoms can be Dealt with by
Highly-Parallelized OpenMX on K Supercomputer

First-Principles Results of TiC/Fe and NbC/Fe

Interfaces: Coherent vs. Semi-coherent
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Screw Dislocation in bcc Fe: Interactions with Si

Outline: Si Additives in bcc Fe Greatly Chang the Mechanical Properties of Fe,
which should be Caused by the Dislocation-Si Interactions in Fe. Thus We
Perform Large-Scale DFT Calculations of a Screw Dislocation in Fe with

and without Si Additives. |1
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2=11 (332) Grain Boundary in
Fe: Local Magnetic Moment
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Effects of Misfit Strain Energies of the Fe Side,
depending on the Size of the Precipitate Plate

Misfit Strain Energies in the Fe Side are Added to the Interface Energy,
Leading to the Transition from Coherent to Semi-coherent Interface

Classical MD of Strain

Thickness of the Plate: NbC=5.4A, TiC=5.2A
Energies in Surrounding Fe
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Local Densities of States (LDOS) at the TiC/Fe
Coherent Interfaces: Fe on C (Left), Fe on Ti (Right)

“Fe on C” Interface “Fe on Ti” Interface

Strain Energy: High, Size-dependent
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Interface and Strain Energies of the Coherent
and Semi-Coherent NbC/Fe (Left) and TiC/Fe
(Right) Interfaces as a Function of Fe  +
the Size of the Precipitate Plate NeC <

Development of Local-
Energy and Local-Stress
Scheme using Bader
Integration : QUAS Code

Ab Initio Local Energy and
Local Stress: Application to
Tilt and Twist Grain
Boundaries in Cu and Al,

H. Wang, M. Kohyama, S.
Tanaka and Y. Shiihara,

J. Phys. Condens. Matter 25,
305006 (2013)

Lab Talk:
http://iopscience.iop.org/0953-
8984/labtalk-article/54070

Down-Spin Charge Density
¥ Charge Increase at No.2-No.2
and No.1b-No.4 Short Bonds
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S. Bhattacharya et al., J. Phys. Condens. Matter 25 (2013) 135004
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Local Energy and Local Stress of 5Fe-5TiC (001) Interface (Optimized)

a=b=3.024 A, c=18.074 A  Tensile, Compressive

© z- | Magnetic | Local Local
° coordi- | Moment | Valence Stress
° ° nate (1g) Electrons | w.r.t. bulk | (Parallel)
(GPa)
eQe
Ti  9.0370  -0.01 16.03 0.060  -13.814 132.17291
O .9}' C 90370 -0.003
00 ‘/Ti 69166  -0.01 16.05 0190  -16.762 132.01789
Ti C 68765 001
Ti 48311 004 1613 1322 -24.788 138.32453
C 46809 -0.02
e
° Fe 27464 2.46 7.77 <0552 % 52.404 92.24539
0/1 Fe 14243 263 8.05 -0.883 3.551  85.2353
Fe @
© @ 0000 267 7.97 0444 20129  87.53935
Analysis by QMAS Code
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