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Ful I-Potential KKR calculations for Lattice Distortion around Impurities in Al-based dilute
al loys, Based on the Generalized-Gradient Approximation
C Liu™, M Asato™ N. Fujma®, and T. Hoshino™®
*1 R FRNERN RN R AP, *2 F/mi L3 R AR, #3 S X R L sert
Transactions of the Materials Research Society of Japan, Vol.40, No2(2015)

We calculate systematically the atomic volume changes caused by Sc—Ge impurities in Al, using
the formalism given by the Kanzaki model. All the parameters in the Kanzaki model, such as the
Hellmann—-Feynman (HF) forces and the lattice distortion, are calculated by the ab-initio

calculations based on the generalized—gradient approximation in density functional formalism and
the full-potential Korringa—Kohn—Rostoker (FPKKR) Green’ s function method for point defects. Most
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of the calculated results agree very well (within the error of 5%) with the available experimental
results. We found that the calculated results for the HF forces on the 1st—nearest neighboring host
atoms around impurities are strongly correlated with the volume changes per impurity in Al. The
magnetism of 3d transition-metal impurities (Cr, Mn, Fe) is also discussed.

T8 Al

Ful lI-Potential KKR calculations for Lattice Distortion Effect of Point Defect in bcc—Fe Dilute
Alloys, Based on the Generalized—Gradient Approximation

M Asato®, C Liu*, K.Kawakami®, N. Fujma®, and T. Hoshino™

*1 BRI RS AAEEER, 2 B R PRER AR, *3 B AEe B Jelntiir o,
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Materials Transactions, Vo.55, No.S8, pp.1248-1256 (2014).

We present the ab-initio calculations for the lattice distortion effect of substitutional single
impurities, I (=Sc~Ge, Sn), and substitutional two impurities, I-I and I-Sn, in bcc—Fe. Sn is
a perturbed—angular—correlation (PAC) probe. The calculations are based on the
generalized—gradient—approximation in the density—functional formalism and the full-potential
Korringa—Kohn—Rostoker (FPKKR) Green’ s function method. For single impurities, we show that the
available experimental results, such as lattice distortion around the impurities and the atomic
volume changes per impurity, are reproduced very well by the present calculations. For two impurities,
we clarify the lattice distortion effect on Ist—nearest neighbor (NN) interaction energies of I-1
and I-Sn pairs in Fe, being a difference between the distortion energies with two impurities located
on the infinitely separated sites and on the neighboring sites. We initially show that the lattice
distortion effect is very low for the interaction energies between two impurities with a small
size—misfit, compared with the host atom, although it becomes high for the interaction energies
of two impurities with a large size-misfit. The lattice distortion effect on the I-1 (I=Cr Zn)
interaction energies is less than 0. 02eV, while the lattice distortion effect on the I-Sn  (I=Sc, Ge)
interaction energies is greater than 0.2eV. Secondly, we show that we can improve the agreement
with the experimental results for the interaction energies of I-Sn pairs in bce—Fe, by taking into
account the lattice distortion. Finally, we show that the magnetic interaction is important for
the lattice distortion of the I-Sn (I=Cr,Mn) pairs. The high lattice distortion for I-Sn pairs
(I=Cr,Mn) is partly caused by the antiferromagnetic interaction of impurities I with the 1st-NN
host atom on the opposite site of the Sn impurity, resulting in the high energy gain (0. 13eV, 0. 06eV)
of I-Sn interaction.
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*] ﬁ%ﬂﬁ%ﬁﬂkﬂ%ﬁimjﬁ%ﬁm, *2 BT L3 P PR ERRL, 3 BRI e Lo seet
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We present systematically ab—initio calculations for defect energies of 3d and 4sp impurities
(Sc~Ge) in Fe. The calculations are based on the Generalized—Gradient—Approximation in the
density—functional formalism and the full-potential Korringa—Kohn—Rostoker (FPKKR) Green’ s
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function method. We first examine the distance dependence, from the 1st— to the 10th—nearest
neighbors, of the impurity—impurity (I-1; I=Sc~Ge) interaction energies and show that for most
cases, the lst—nearest neighboring I-1 interaction energies are dominant. We found that fundamental
features of phase diagrams of Fe—based binary alloys, such as segregation, solid solution, and order,
known experimentally, may be classified by use of the sign and magnitude of the lst—nearest
neighboring I-I interaction energies. Second we discuss the calculated results for the 1st— and
2nd-nearest neighboring interaction energies of perturbed—angular—correlation (PAC)—probe Sn with
3d and 4sp impurities in Fe. The comparison of the calculated results with available experimental
results shows that the observed attraction for Sn—Co, Sn-Ni, and Sn—Cu may be understood by the
lst—nearest neighboring interaction energies of these impurity pairs, while the observed repulsion
for Sn—-Ga, and Sn—-Ge by the 2nd-nearest neighboring interaction energies of these impurity pairs

We also discuss the magnetism of single impurities X (=Sc~Cu) in Fe. The anti—parallel coupling
to the bulk magnetization of the neighboring Fe atoms is stable for Sc~Mn, while the parallel
coupling for Fe~Cu.
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“Directional Dark Matter Search and Velocity Distribution”
National Institute of Technology, NIihama College
Interplay between Particle and Astroparticle physics (FE)

Directional detection of dark matter is the next generation experiment, which is expected to
have better back ground rejection efficiency than conventional direct search. Another intriguing
possibility of the experiment by means of the directional information is measurement the velocity
distribution of dark matter. Especially, it will be potent to figure out whether the velocity
distribution is anisotropic. Supposing three distribution models, we discuss the possibility in

one of the directional dark matter searches, nuclear emulsion detector.
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Interplay between Particle and Astroparticle physics (FE)
G EGTIEe

(R & C)

RE #&F

i

“Directional Dark Matter Search and Velocity Distribution’
National Institute of Technology, NIihama College

-68-



Interplay between Particle and Astroparticle physics (FE)
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Time Indicator Using Polyaniline and Conventional Transparent Polymer Films
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65th Annual Meeting of the International Society of Electrochemistry, September, Lausanne,
Switzerland, Book of Abstracts of 65th Annual Meeting of the International Society of
Electrochemistry (CD version), S08-032 (2014)

Tt is widely accepted that a conductive polymer polyaniline (PANI) shows bright color change
between its oxidized and reduced states. The reduced state looks almost colorless, while the
oxidized state is green or violet. We have already reported that the reduced PANI is gradually
colored when it is exposed to oxygen and the coloration depends on the exposure time. In this paper,
using both the reduced PANI and conventional transparent polymer films with different oxygen
permeability coefficient, time display materials are prepared and the coloration is monitored.

PANI was easily prepared on a transparent Indium—tin oxide (ITO) electrode as a stable film by
oxidative electropolymerization of 0.5 M (M=mol:- dm™®) aniline in 0.5 M HsxSO4 aqueous solution.  To
obtain colorless reduced PANI, the PANI film—covered ITO electrode was polarized at —0.2 V vs.
Ag/AgCl in 0.5 M H,SO, aqueous solution until the cathodic current reached the background value.
Five time indicative materials were prepared by enclosing the reduced PANI film in five types of
common transparent polymer films. To take into consideration the oxygen permeability coefficient
and the thickness, the following common transparent polymer films were employed: low density
polyethylene (LDPE) films with the thickness of 0.03 and 0. 08 mm, high density polyethylene (HDPE)
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films with the thickness of 0.01 and 0.03 mm, and polypropylene (PP) film with the thickness of
0. 026 mm. The color change of the materials was colorless—violet-bluish violet-black violet.
The reduced PANI films enclosed in 0.03 mm—thick LDPE and 0. 026 mm—thick PP films could be used
for 10-day indicative materials. On the other hand, that enclosed in 0.01 mm—thick HDPE was
applicable to about 30-day indicative one and those enclosed in 0. 03mm—thick HDPE and 0. 08 LDPE
films are expected to be longer time indicative materials. This approach to prepare time
indicative materials could be available using other poly(aniline derivatives) whose color changes
are different from PANI as well as transparent polymer films with different oxygen permeability
coefficients and thickness.
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Ful |-Potential KKR Calculations for Lattice Distortion of Impurities in Al-based Di lute Al loys,
Based on the Generalized Gradient Approximation
C Liu*, M Asato® N. Fujma®, and T. Hoshino™
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TUMRS International Conference in Asia 2014 ((&[fX), 2014 48 H 26 H

We calculate systematically the atomic volume changes caused by impurities in Al, using the
formalism given by Kanzaki model. We treat 3d and 4sp impurities (Sc—Cu, Zn—Ge). All the parametersin
the Kanzaki model, such as the Hellmann-Feynman (HF) forces and the lattice distortion, are
calculated by the ab—initio calculations based on the generalized—gradient approximation in density
functional formalism and the full-potential Korringa—Kohn—Rostoker (FPKKR) Green’ s function
method for point defects. The calculated results agree very well, within the error of 5%, with the
available experimental results. We found that the calculated results for the HF forces on the
1st—nearest neighboring host atoms around impurities are strongly correlated with the volume changes
per impurity in Al. The magnetism of 3d transition-metal impurities (Cr, Mn, Fe) is also discussed.
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