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- Growing market for high-performance permanent magnets .
* Anticipation for novel materials beyond neodymium magnet Search for maximum performance of
+ Anticipation for novel magnet materials that do not include critical elements magnets th rough ab-initio data
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12 Figure3 Saturation magnetic polarization JS of the system plotted against the lattice constant a and atomic number of a
fictitious atom Z. The ferromagnetic state is unstable in the region to the left of the dashed line. Here a bcc structure is assumed,
. | and the electron number corresponds to the atomic number of fictitious atoms. A dome-like structure appears around a = 2.65 A
- and Z = 26.4, where JS takes the maximum value of 2.66 T, which is much larger than that of Nd,Fe,4B, is seen.
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Figure1 High-performance permanent magnet materials require a main phase having high saturation magnetization, high This helps us to get better understanding and deep insights, supporting the creation of new ideas.

magneto crystallineanisotropy, high Curie temperature, and a sub phase that blocks the magnetic coupling among main phases.
Coercivity has strong positive correlation with the microstructure.
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2 Mechanism of magnetism T
in rare-earth magnet compounds
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3 d 3E d_’elec trons}_ Figure 4 Difference in the electron spin-density is obtained by subtracting that of NdFe;;Ti from that of NdFe;;TiN. The difference

near the N atoms is conspicuous, is seen.
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- Discovery of novel magnet compounds and optimization of chemical composition by ma-
chine learning / Al
* Mechanism elucidation of coerciviry
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Figure2 High saturation magnetization and high
Curie temperatures in rare-earth magnet com-
pounds come from the 3d electrons of transition
metals, whereas the 4f electrons of rare-earth ele- E?% Li‘é'-
ments are the source of strong magnetocrystalline 5 5d_é|ectrons \A
anisotropy. The direction of the orbital magnetic Fﬂﬁ L hﬂ}ﬂe ContaCt us here

moment of the 4f electrons is affected by the crys-
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Creation of Novel-Function & High-Performance Electronic
Materials based on Novel Concepts for Materials Design
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* There have been numerous large-scale national projects on electronic materials to date.

- Materials design has become fixated on just a few concepts, such as diamond-structure

semiconductors and perovskite dielectrics.

* There is a need for novel perspectives on abundant elements independent of obsolete ap-

proaches based on previous successes.
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* Exploring novel material candidates making full use of condensed matter physics, electron
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theory, computational chemistry, materials informatics (M. I.), etc.

- Rapid syntheses of candidate materials utilizing such extreme experiments as super-high

pressure and super-high vacuum.

- Rapid feedback of material property analyses using synchrotron radiation (KEK-PF and

SPring-8), neutrons, and muons (J-PARC).
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Novel Direct Band-Gap, Bipolar Semiconductors derived
from New Concepts of M. |. and Molecular Orbitals
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Figure1 Novel nitride semiconductor,
CaZn;N,, discovered by M.I. and syn-
thesized under high pressure
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Figure2 Oxysulfide semiconductor
based on early-transition metals, ZrOS, de-
signed under molecular orbital concepts
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Derived Interstitial Fluorine

3
1DE| ' | ' |

; Vacuum (n-type) ]
1ol F-doped |
g E w. ° .(p-type) 3
o~ - e .:
§ [ B -
=10 & =

g NH, (n-type) E

100_ | | | I | | | |
2 4 6 8

10007 " (K™

R—IVIZEhE
Hall Mobilities

K3 MFHETvEICKYpRIF—ETL
fe XSS RZIE S 2{ti+E4CusN
Figure3 A new nitride semiconductor,
CusN, for solar-cell applications by
p-type doping with interstitial fluorine
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2 Novel Semiconductor Materials for
Next-Generation Light-Emission-Type Flat-Panel Displays
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FWHM of 16 nm and
Maximum Intensity of 180,000 cd m™
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Figure 4 Low-voltage, high-brightness
LED based on halide perovskite semicon-

ductors with the novel oxide semiconduc-

tor Zn-Si-O as an electron-transport layer.
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Figure5 High efficiency blue-light
emitting lead-free inorganic iodate
semiconductor, Cs;Cu,ls.
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Figure 6 Low-temperature, printable,
high-mobility, p-type, transparent,
amorphous semiconductor: Cs;Cu,ls.
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High-temperature stable, high dielectric constant,
non-perovskite dielectrics for power-electronics applications
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Thick Films for Industrial Use
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Figure7 Fluorite ferroelectrics with
hlgh Tc & PsZ HfOzY
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Figure8 Silicate ferroelectrics satisfy-
ing requirements for vehicle applica-
tions: (Bi,La),SiOs
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Figure9 High-temperature stable
piezoelectrics for vehicle pressure sen-
sors: CTAS (CasTaAl;Si,0,4).
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Inorganic and Solid-State Electride Materials
soon to be commercialized as catalysts
for ammonia synthesis at low temperature and pressure
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Band Structures of Two-Dimensional
Electrides found through M. I.
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Figure10 Two-dimensional electrides
under consideration for the base of
commercial material systems

O—Fzy7

Roadmap

s FETARTLA

CRRE

Applications

famiea L BFEESH
Crystal Structure and Electron
Density Mapping

= L A . —

?
e

= .. -‘_ -
‘ ll-jﬂ-""' ;-'51""" 'f(_ 1
Bl *Mf“r.;

Energy (eV)

up/downAE > EID/\ > FigE&E

Band Structure for Up/Down Spins

11 BEM7IVIAVALTHRELEE
BRI EEMOFMEIRTIL I MSAR
SrsP;

Figure1l A novel, intermetallic, one-di-
mensional electride explored using ge-
netic algorithms: SrsP;
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- Stabilization of creation rates of novel materials and their design concepts

* Technical transfer to industries
 Concept proposal for post Element Strategy
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* High-efficiency & low-cost semiconductor materials for flat-panel displays
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Band Structure and Surface State of
Topological Electride: Sc,C
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Figure12 A novel concept of “topo-
logical electrides” and their candidate
materials.
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 High-temperature, stable, & high-dielectric constant dielectrics for vehicle power electronics
- Electride materials for catalysts
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Unraveling the Roles, Functionalities, and States of Hydrogen in
Condensed Matter and Establishing nghly Sensitive Quantification Methods
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Amorphous Oxide Semiconductors and

- The presence of hydrogen in oxides has often been ignored despite its high concentration the Orlgln of Instabilities in their Electron Devices

(=10°cm™).

- Experimental and theoretical investigations have implied that the hydrogen strongly in-
fluences local and electronic structures of condensed matter.

« Itis important to establish methods of quantification and state analysis for hydrogen and
to unravel the roles and functionalities of hydrogen in order to utilize hydrogen as a key
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* Development of thin films with extremely low hydrogen content and a method and appa-
ratus to quantify the hydrogen concentration with high sensitivity.

- Combined use of density functional theory calculations and analyses using hydrogen-sen-
sitive probes, such as NMR, infrared absorption, neutrons, and muons.

* Investigations of relationships between the concentrations and states of hydrogen in
semiconductor thin films and the stability of their electron devices.
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A Negative Shift of Threshold Voltage
in a-1GZO TFT under Negative Bias
lllumination Stress (NBIS)
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Extra Peaks Originating from
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Infrared Absorption Spectrum
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Local Structure of Hydrogen Anions
and Generation of
Occupied Deep Subgap States
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Figure3 Hydrides (hydrogen anions) in a-1GZO thin films and

the origin of instabilities in their TFTs
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« Amorphous oxide semiconductor TFTs such as a-IGZO exhibit
large negative shifts in threshold voltage under illumination
and negative bias stresses.
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* Hydrides composed of metal cation-hydrogen anion bonds

are observed in infrared absorption spectra and identified by
DFT calculations of hydrogen-incorporated models
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« Hydrogen atoms incorporated into oxygen vacancies, Vo,
bond to adjacent metal cations to form hydrides (hydrogen
anions, H™), which generate occupied deep subgap states
above the valence-band maximum (VBM) and cause NBIS
instabilities in a-IGZO TFTs.
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Development of a High-Sensitivity Method & Apparatus to
1 Quantify the Hydrogen Concentration in Thin Films
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Figure1 High-Sensitivity method and apparatus for quantify-
ing hydrogen concentration and their demonstration on
a-1GZO0 thin films with extremely low hydrogen contents
(under 10"°cm™).
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deposition chamber, and by performing calibration using
high-accuracy ion implantation and the introduction of trace
amounts of gas.
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Used for preparing reference samples with extremely low con-
centrations of hydrogen.
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Hydride lons in Oxide Hosts Hidden by Hydroxide ions
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Applications
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of LaFeAsO;xHx Unraveled by

Neutron Scattering, and Muons
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Figure4 Superconducting phase generated by hydrogen
doping in Iron Oxypnictide LaFeAsO,_xHx and states of the
non-substituted hydrogen.
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Iron oxypnictide LaFeAsO,_xHx shows, depending on x, two
superconducting phases (5C1, SC2) originating from two

* Extension to dielectric materials

- KFRLiESGKFEREEMH
- MEKEESH

2% LTzLaFeAsO, H,st i
BENSKRELEERE
x-Dependence of Hydrogen and
Oxygen Contents in an LaFeAsO;-xHx
Specimen Formed under H,0
(WAT), H,(HYD) Ambient
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Theoretical Prediction for
x-Dependence of Stability by
DFT Calculations

antiferromagnetic mother phases (AF1, AF2).
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Hydrogen and oxygen content were found experimentially to
be complementary to each other.
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DFT calculations predict that stability is greatest when
hydrogen anions H™ occupy the sites of oxygen vacancies Vo,
which suggests the common image of Vj stabilization by H™.
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- - - Clarifying the relationships between material functionalities and device characteristics
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- Exploration and creation of hydrogen-functionalized electronic materials
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e e DFTESHEICEDC'HNMRANY MU H'&EH DEFS 7 bhdiEs  Performance enhancement and stabilization of electronic materials and electron devices
Crystal Structure of C12A7 'H NMR Spectra Derived from DFT A reversal in Chemical Shifts of H* * Novel hydrogen-functionalized materials including hydrides
Mayenite (12Ca0-7Al,0;) Calculations of Hydrogen-Incorporated and H™accompanying an - Analysis of low-hydrogen-content specimens

Structure Models, Which Reproduce Increase in O-H and M-H Distances

the Experimental Observations

Having a Cage Structure
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Figure 2 Demonstrating the presence of hydride in
solid-state oxide crystals
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Splits of '"H NMR spectra were observed in mayenite and
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A reversal in chemical shifts of H"and H~is predicted by DFT
calculations based on crystal structure models with hydrogen
incorporated.
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Elements Strateqgy Initiative for Catalysts and Batteries (ESICB)
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GL : Tsunehiro Tanaka,
Graduate School of Engineering, Kyoto University

Novel Automotive Catalysts Using Less Noble Metals

BEOLE - BEIEMIEICHAVL 5B 2% TTE (PGM) D {EHBEENR B E s >
ST - EE MR/ MFIEEY V2T IRT K MIRERL —RER TS Outline ofthe R IR{R D SiEgE LIc kB

research - PIEETEY A/ MIEICEEEHAFRAEEASNTLS Y (sl
* Reducing the use of platinum-group metals (PGM) in automotive catalysts is of practical 3 Pdﬁm E{E',ﬁiﬁﬂﬁ

importance. Reduction of Pd usage by improving a function of
- Thermal sintering of metal nanoparticles poses a significant problem to catalyst life. cata|yst support
- Catalytic active sites are thought to be the surface of noble metal particles.

M ELT) « T5AREICE O THELI-2BRh T/ FERRL S LEEZBEARIVIN_D L% Model Reaction for purifying automotive exhaust gas

Rk FI%E CsHs+4NO + 4CO+9/20; —= 2Nz + 7CO2+ 3H20

Rointlefith Y T/%ﬂﬁﬁ“ht:&uRh@ﬁﬁ&i}%’lﬁﬁ‘ﬁéﬂﬁﬂmzrﬂi
—~ C3H: residual tdue t line, CO: tformed by i lete combustion of gasoli

HR— MADOBEEEFIR LT-AlE DS H#EEL O R FOT A T S o M

- Plasma preparation for Rh nanofilm-coated metal honeycomb catalysts

- The catalytic activity of the Rh nanofilm is markedly superior to that of Rh nanoparticles.
- Improvement in catalytic performance using the function of a catalyst support.

1 wt% Pd/Mn-YbFeO, 0.5 wt% Pd/Mn-YbFeO,

100F 100
< 80f < 8of
Eﬁ?ﬁﬁ%g ‘3 60 *2 60
Outline of the = Ommm ~ 5§ T s I
— F 1 | 7] i 7
BRSSO/ NS ALY T b
[ J [ J [ J [ J 8 ~ o
1 Paradigm shift in catalyst preparation and structure S Lol — 1% PUALO, O 20
i — 1 wit% Rh/AI203
o — 1 Wit% Pt/AI203 5.0 wt% Pd/Al,O, ‘
. Swun. AT ST NI NN . ST T NN IR (N M A o
100 200 300 400 500 100 200 300 400 500 | oo
Reaction temperature / °C Reaction temperature / °C
PGM pulsed arc plasma | trigger source The catalytic activity of 0.5 wt% Pd/Mn-YbFeO; is comparable to that of 5.0 wt% Pd/Al,Os.
PGMsalts §—— .. denosition (AP |
+ suppo high surface area eposition (AP) capacitor
d porous structure 3 (K) Mn{&&f7<758YbFeOs1BFFPABRIRDNOZRTT/E M (B) 7SARIR T/ ERDAZEZE I H5Mn-YbFeO;DTEM{R
owders POntig R NP Figure 3  (Left) NO conversion to N, over Pd catalyst supported on Mn-modified hexagonal YbFeO; (Pd/Mn-YbFeO5).
P _ B (Right) TEM image of Pd/Mn-YbFeO; having hexagonal plate-like nanoparticles.
l | trigger electrode
soluble salts ISt

\; support

supported catalysts
HEBE

Outlineof the FTFREL 0N i B AR R (R D R

water
+binder

slurry

& honeycomb

coating/calcination

metal foil

4 Development of novel catalyst support having
oxygen storage capacity

precise control of structure
super ultra high density | honeycomb
thermal/mechanical stability
tolerance against poisons
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» Redox behavior of Sr;(Fe( gNij5),07.5 > Efficiency of NO reduction
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Figure 1 (Left) Conventional catalyst preparation via wet coating of powder containing metal nanoparticles.

(Right) Novel catalyst preparation via pulsed arc plasma deposition of active metal nanofilms onto metal foil substrates.

N, formation / pmol g*

» Mechanism for NO reduction on Sr;(Fej gNig,),07.5
Mol
et the Rh/ERRE/\ = H L it iR D ab iR 454

2 Catalytic performance of Rh nanofilm and
Rh nanoparticle catalysts

Oxygen vacancy site Oxygen vacancy site

X4 (EL) BEEHA R FLRIGEFDSK(Feo.sNio.2),0;-,DIEEZE(L (L) Srs(Feo.sNio.2),07-, RITTFTE T BEEZR R FDNOETT
%3 (F) Pd/Srs(Feo.gNip.2),07-5 L CHONORITAH=X Ly

C O + N O — C O 9 -+ /2N 9 Rh nanofilm A E S Figure 4 (Upper left) Structural change of Sr;(Fe,.sNiy.2),0;-5 during the purification of automotive exhaust gas (Upper right)
1 nm Efficiency of NO reduction at oxygen vacancy site in Pd/Sr;(Feo.sNig.2),0;-5 (Below) Mechanism for NO reduction in Pd/Sr;
100 30,1?:1 (Feo.sNio.2),07-5.
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Figure 2 Catalytic performance of a Rh nanofilm-coated honeycomb catalyst compared with a conventional honeycomb

prepared by wet coating. 0.1% NO, 0.1% CO, N, balance. GHSV = 1.2X10° h™. R%Bj{% ﬁﬂﬁ% =5 /ﬂj,j__lji“&,lﬂgﬁ T&L/n\

Elements Strategy Initiative for Catalysts and Batteries, Kyoto University

admin@esicb.kyoto-u.ac.jp

: ﬁﬁg
J E ?x ¥
Element Strategy Initiative:
To Form Core Research Centers




RaHLUCNARET:

ReaH

l

e R E L s

Elements Strateqgy Initiative for Catalysts and Batteries (ESICB)

Fwe—Extmgmshlng Organic Electrolytes for Safe Batteries

RRRFAFRLIFRHRER

’ GL : Atsuo Yamada,
=" School of Engineering, The University of Tokyo

sty ZREMISHNBREDURAIHHS
Background B

to the BICHIARZMAS L BHDFTBMET A 7IVFED R ESET
research ﬂkﬁ HEEtEgeDmirzBZEICL:

* Fire incidents with explosions occurring in lithium-ion batteries have been problematic.
 The simple addition of flame-retardant solvents significantly degrades the battery cycle.
» How can we produce better batteries with a high level of safety?

o) o —RRETEAEN) EE R AFIV (TMP) ISEE DS REDS K ERE RS
FAVR Hhd &, BEICIFBICREELGHIEDTES,
FLSIE - Zruc kY FREE1000E HT > THIZELILE 005 ER

s TR1OAVEa1—2ZAVEEFIRESHEICKY . REWIRARE A D= X Lz fi%EH

* Highly concentrated fire-extinguishing TMP-based electrolyte can form a very robust pas-
sivation film on the anode surface.

* This enables an excellent battery life of more than 1,000 charge-discharge cycles with
negligible degradation.

- Computational analysis using the K computer has revealed the formation mechanisms of
stable passivation film.

A
Otine ptthe BEAE & RS P TED M 1IN

1 Toward ultimate safety
while retaining repeated cycle stability

HAERR TMPERR : SIS EETMPEARR
X EJRATE O EIRE O EIRE
Highly concentrated

TMP electrolyte :
O Flame retardant

TMP electrolyte:
O Flame retardant

Commercial electrolyte :

X Flammable

O Solvent-derived X Interface cannot O Salt-derived
SEl film be formed SEI film
TBUF A SEIHE B X #EIRRZ AL CEXL O SRR SEIH R

K1 REGEBMERROFR, EREEZERECTSEC.RAOCHENENICELL . REEMELNAIGEEE TS, ThET
FEAGD ofAEDEET S (SEILTHNIETMP)

Figure 1  Electrolyte design concept for a safer battery. By ultimately simple strategy of increasing salt-concentration, interfacial
character is dramatically modified to realize very stable operation, and many of the solvents are functionalized (fire-extinguishing
TMP this time).
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2 Repeated cycle stability of hard carbon negative
electrode for Na-ion batteries

HREBIE

e ptthe WRIFETEDEEER

3 Comparison of flammability

— R Ix EBARR S EEERRK
New highly concentrated
electrolytes

3.3 M NaFSA/TMP

T —— ¥ i . - —
» ,'

General electrolytes

1.0 M NaPF,/EC:DEC (1:1)

B3 (&) €% 0D1.0 M NaPFs/EC:DEC (1:1 by vol)Ef#iHK. () HZE=E TIERL723.3 M NaFSA/TMPERERD AT A b
Figure 3  Flame tests on conventional 1.0 M NaPF,/EC:DEC (1:1 by vol) electrolyte (left) and laboratory-made 3.3 M NaFSA/TMP

electrolyte (right)
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4 Electronic structures of highly concentrated electrolytes

3.3 M NaFSA/TMP

< 3@ Hard carbon/Na C/5
(@) I 4 100
% 250 |- - Energy / eV
I 80 T
*
S 2001 3.3 M NaFSA/TMP =
£ 150 1°° @ B4 DFT-MDS/S1L—3 3> TE5N33 M NaFSA/TMPATEO BT RAEL BRATE (BARD), NathF 4> FSA~ 7= TMPA
© - 9] RIFZThZThAL VB FEB.IKBTRY, HERERE(pDOS)IE. LUMOAFSAICBTELTEHY . RAIICFSADETTE N4ER. NaFSA
& 100F 140 < RO RAE AT S TN BT EERL TS,
(& - O Figure 4 Electronic structures and coordination structures (insets) of 3.3 M NaFSA/TMP solutions obtained with DFT-MD
90 é 1.0 M NaPF./EC:DEC 120 ° simulations. Na* cations, FSA™ anions and TMP solvents are shown in orange, blue and grey, respectively. The pDOS, projected
- o 6 density of states, shows that LUMO are located at FSA and that the FSA is attacked first upon reduction to form a passivation film.
O 1 ] 1 ] 1 ] 1 O
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"~ 7th ' == = 2 =2
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?,, 1'5 - g . Roadmap c (EOARAMEEEXRER Applications B =E31E::lE50
O © : = - ~ ==
S 10 S 10 - REICRV T RiBIL « KEIEBAE
> > - - Paradigm shift of electrolyte concept « Consumer batteries
L | » Cost-cutting and industrial development - Batteries for vehicles
0.0 = y . . . 00{ —T— — = - Optimization for mass production - Stationary batteries
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Figure 2 Capacity retention during repeated cycling of a hard-carbon anode for an Na-ion battery; the organic electrolyte
developed in this study (3.3M NaFSA/TMP) achieved stable charging/discharging for more than 1,200 cycles (over a year and a
half)
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Elements Strategy Initiative for Structural Materials (ESISM)
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Concurrent enhancement of strength and %/ |

ductility in bulk nanostructured hexagonal metals " s/’ Graduate School of Engineering, Kyoto University

TP . 20 BREGHAEX I BMEMRIE EE (DL LT (BIFT) 2AHT RS

sackground T L LT outineofthe | J\)L 7 F/ $AFHTH VT BHIETE R _EAE IS D fAEER
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research s FRUPRITXVILERIEBETEVEEZE T 3D, AN HEREEICER 3 Mechanism of enhanced ductility in

LTEEICZLWSHAEDRET NS,
s SETRDRMTIIGL VI F/88 LIS BELIEERIIZBIRE LT,

« Concurrent enhancement of strength and ductility in structural materials is essential for
guaranteeing a safe and secure society.

- Applications for strong, light-weight titanium and magnesium alloys have been limited by
poor ductility owing to their hexagonal crystal structures.

« Creation of innovative hexagonal metals through bulk nanostructuring rather than the
addition of critical alloying elements is targeted.

bulk nanostructured materials

W0 c H7Z/0VETORA G BEEZE I 5ReBERT2VELUTIRY
e 4 VLB EDERICHINLT:,
LS o NIV F/ ARV ETHT LT BEELRENEmIITER T LITHINLT:.
« NNV F/ A2 IVIRICHITBIEM R E XD =X L%, S FIEMER. PiEFEIR
REREFAHEBIRIC K STEFLANIVD SEEBALL:.

* Fully recrystallized titanium and magnesium alloys with various average grain sizes down
to the sub-micrometer scale were successfully fabricated.

 Concurrent enhancement of strength and ductility was successfully achieved in bulk nano-
structured titanium and magnesium alloys.

« Atomistic mechanisms of the superior mechanical properties in bulk nanostructured mate-
rials were clarified through state-of-the-art experiments, such as transmission electron mi-
croscopy and neutron diffraction, as well as theoretical calculations. K3 FIHhiRI=098 umDBHMRII I R VL€ EZUV T H0.095F CilREF T LEDFREFEMBERER. )

[10-10] g =8 h S R L T-BAR FF 4R, (b) ()BT bIbg = (0002) TCH TR FZH TORRBRES S URBRER. (d) (b)REIRUIEEZ L
ALUA—VE—LETHELEER, TRV VLTIEBEFHNLGV A ZR DAL ZSHEAREIN ., TOLIGERFELERAIE.
SNV EL GO BICRIR TR LT DEEZEZ SN S,

. Figure 3 Transmission electron micrographs of ultrafine grained magnesium alloy sample with average grain sizes of d=0.98 um
ﬁﬁﬁmg \ -'-'2 iy = Wre after tensile deformation to a strain of 0.095. (a) Bright-field image observed along [10-10] zone axis. (b) Bright-field and (c)
Outline of the *}%Q ®¥ig *M{ :I:% E -a-% iéﬁ%ﬂﬂ*j *}I- corresponding dark-field images observed under two-beam condition with diffraction vector g = (0002). (d) Weak-beam dark-field
research image of the rectangular area in (b) at a higher magnification. Highly dense, unusual dislocations with c-component can be

Fu I Iy recrySta"ized mag nESi UM a I ons With observed. Such dislocations are presumed to be nucleated at grain boundaries when the stress level increases.
1 various average grain sizes

research
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Comprehensive understanding of ductility enhancement in
bulk nanostructured metals under the new concept of plaston
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Ultrafine grain

Q 1 0.0.0.0 0 ¢ 1 0000000 : (SN
E1 BERCYMHPELEMIC SR BAOTIREEE T 3REBRETI R ILE S OB 4S5 HELEIEBSD)AIC 000%0%0%0%0% %01 0o e 0 o a0 Plastic Jetatmia
L5 HHEE. (L) BR/RKRE(PF)R YT, ERiDERAZEBTHAILTWVS, ()RR (GB) R v T, BEEDERIE. ThTh KA 902999 - 09029090 %% X
RELCNAERRZRT,
Figure T Magnesium-alloy samples having various average crystal grain sizes fabricated by high-pressure torsion (HPT) followed "G990 0 0000 s  S200000000 oo

by recrystallization annealing treatments at the given temperatures and durations. (Top) Inverse pole figure (IPF) maps by electron
backscatter diffraction (EBSD). Colors correspond to crystallographic orientations of grains. (Bottom) Grain boundary (GB) maps in
which the blue and green lines correspond to high angle and low angle grain boundaries, respectively.

“ Non-primary dislocation glide,
« deformation twinning,
' martensitic transformation,

P SRR
N
[ A <
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Outline of the l \ l b 7 j-/ *j *:I-‘(_ £ L\T gﬁ ’ & K4 NIV F/MHETIE IEEITARNVER L, BN, BRHEIVT A MEED IS LSRG E T EIED RERMICBRINS,

fEsearch T TNl EHFENSH UNESIC S SIENICHIET T EATRETHS, Thbb, HRICBLORAPENENS L EEPHSRD
E'I'Ea)ﬁ 17| C ﬁEIjJ LSRR THRRR 5 CERNGRT ORENETY  ERFORFANELS, BEERTOY B Th, FHRORRH
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Concu rre nt en hancement of Strength Figure 4 Unique plastic deformation mechanisms different from primary dislocation glide, such as non-primary dislocation glide,
ofe . . deformation twinning, and martensitic transformation, have been experimentally found to take place in bulk nanostructured
and ductility in bulk nanostructured materials

materials. These mechanisms can be comprehensively explained under the new concept of plaston. When a large enough stress is
applied, collective atomic motion occurs at lattice imperfections such as surfaces and grain boundaries, which eventually leads to
the nucleation of plastic deformation. Similar phenomena are thought to take place at the front of the plastic deformation.
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~ 250 « Concurrent enhancement of strength and ductility in bulk nanostructured steels based on
=231 the new concept of plaston.
n e * Fundamental understanding of plaston in other materials having a variety of chemical
g 200 bonds in order to overcome their brittleness.
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Figure2 Comparison of stress-strain curves for Mg-alloy specimens having four different average grain sizes d. E’I\%Bj(% * ﬁlg_* 7_|- *’l’ E%ﬁk EH%E j‘bm/'.ﬁ\\
Elements Strategy Initiative for Structural Materials,Kyoto University

admin@esism.kyoto-u.ac.jp

: ﬁﬁg
J E ?x ¥
Element Strategy Initiative:
To Form Core Research Centers




	1_磁性領域(ol)
	2_電子領域(ol)
	3_電子領域(ol)
	4_触媒領域(ol)
	5_触媒領域(ol)
	6_構造領域(ol)



