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Omotenashi(O Mo Te Na Si): Being Hospitable Hosts to the Earth

The Earth is a collection of diverse elements. Our existence is made possible by countless materials
produced from these elements. In order to build a sustainable future, we need an “element strategy”
for developing superior materials from the limited element resources on Earth.The Element Strategy
Initiative was launched in 2012 to pursue the science of elements that determine material functions
and properties and for encouraging innovation and industrial applications.
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Working to develop practical applications directly
from basic research at four research centers.
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The Elements Strategy Initiative Center for Magnetic Materials(ESICMM)
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Tokodai Institute for Element Strategy (TIES)
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Core: National Institute for Materials Science (NIMS)

;R #  Satoshi Hirosawa, Director General
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Collaborating institutes: Tohoku University, the National Institute of Advanced Industrial
Science and Technology, the University of Tokyo, the Institute for Solid State Physics at
the University of Tokyo, Kyoto University, the High Energy Accelerator Research
Organization (KEK), the Japan Synchrotron Radiation Research Institute, Nagoya
University, the Japan Advanced Institute of Science and Technology, the Tokyo Institute
of Technology, Kyushu University, Tohoku Gakuin University, and the University of Hyogo
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Elements Strategy Initiative for Catalysts and Batteries (ESICB)

. REIEKSF Core: Tokyo Institute of Technology
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#MEFFEM#  Hideo Hosono, Representative

& - MRERZEEE. B TRV F —IESEFSIE, R KE

Collaborating institutes: National Institute for Materials Science, High Energy Accelerator
Research Organization (KEK), and the University of Tokyo
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Elements Strategy Initiative for Structural Materials (ESISM)
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. R#EAE  Core: Department of Molecular Engineering, Kyoto University
KERMRE
EHEEE

HE$E#  Tsunehiro Tanaka, Director
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Collaborating institutes: The University of Tokyo, the Institute for Molecular Science of the
National Institutes of Natural Sciences, Kyushu University, Kumamoto University, and the
Tokyo University of Science
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. R#EAE  Core: Department of Materials Science and Engineering, Kyoto University
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Collaborating institutes: The University of Tokyo, Osaka University, the National Institute
for Materials Science, Kyushu University, and the Innovative Structural Materials
Association (METI)
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Outline of the
research

1

Creation of Novel-Function

& High Performance Electronic Materials

based on a Novel Design Concept

& Hydrogen

+ 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 approaches based on previous successes.

«The roles of hydrogen in condensed matter remain unexplained.

« Exploring novel material candidates making full use of condensed
matter physics, electron theory, computational chemistry,
materials informatics (M), 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).

« From the quantification of hydrogen to the identification of states.

Novel Direct Band-Gap,
Bipolar Semiconductors derived from
New Concepts of Ml and Molecular Orbitals

Outline of the
research

3

Tokodailnstitute for
Element Strategy
(TIES)

GL: Hideo Hosono
Tokyo Institute of Technology

High-Temperature, Stable,
High Dielectric Constant,
Non-Perovskite Dielectrics
for Power-Electronics Applications

Py (nClem’)

Thermal stabilities

Higher Tc and Ps of dielectric properties o
than conventional IV, LV characteristics ~ 2-inch single crystal
materials of blue LED and sensor module

Figure7 Fluorite ferroelec-
trics with high Tc and Ps:

HfO:Y

Outlineof the
research

Figure8 Silicate ferroelec-
trics satisfying require-
ments for vehicle applica-
tions: (Bi,La),SiOs

Figure9 High-tempera-
ture stable piezoelectrics for
vehicle pressure sensors:
CTAS (Ca;TaAl;5i,0,,)

Unraveling the Roles, Functionalities,
& States of Hydrogen in Condensed
Matter and Establishing Highly
Sensitive Quantification Methods
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Red luminescence Bipolar doping Hall mobilities
as designed as designed of n/p-type Cu;N
Figure1 The novel Figure2 ZrOS, an oxysul- Figure3 A new nitride
nitride semiconductor, fide semiconductor based semiconductor, CusN, for
CaZn,;N,, discovered on an early-transition solar-cell applications by

through Ml and synthe-
sized under high pressure

metal, designed under
molecular orbital concepts

p-type doping with
interstitial fluorine

Novel Semiconductor Materials
for Next-Generation, Emission-Type

Flat-Panel Displays (FPD)
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I, L, P-V characteristics
and colorgamut

Figure4 Ahalide perovskite
LED with an electron transport
layer of Zn-Si-O (ZSO)

|-V, L-V characteristics

of blue LEDs
Figure5 A high-efficiency,

]

CBP  CHyNH,PBl, a-Cusnl

Band alignment

Figure6 A low-temperature,
ntable, high-mobility, p-

blue-light-emitting, Pb-free,
iodate semiconductor:Cs;Cusls

)
transparent, amorphous
semiconductor: a-Cu-Sn-|

I
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An all-vacuum system
from
thin-film deposition

Figure 10 Developmentof

ahigh-sensitivity method and

an apparatus for quantifying

hydrogen density (10"cm °)

« Demonstrated in a-IGZO films

« Commercial products
coming soon

St light'
e ] s instanary

e - 9-®

Local structure of H-
generating occupied
deep subgap states

Figure 11 Hydrides
(hydrogen anions) in a-IGZO
and the origin of instability
in their electron devices

« H passivation

« Instability under illumina-
tion

Revealed by quantum
beams of SR X-rays,
Neutrons, and Muons

Figure12 Crystalline/
magnetic phase diagram
of the iron-oxypnictide
superconductor
LaFeAsO, yHy

« Two mother phases

«SC mechanisms

- Stabilization of creation rates of novel materials and their
design concepts
« Technical transfer to industries

- Concept proposal for post Element Strategy

i« High-efficiency & low-cost semiconductor materials for FPD
» High-temperature, stable, & high-dielectric constant
dielectrics for vehicle power electronics
- Electride materials for catalysts
Contact us by

Tokodai Institute for Element Strategy
ties@mces.titech.ac.jp

% ‘é‘ ﬁ M
Element Strategy Initiative:
To Form Core Research Centers




miEERIEEZ R 79 5
/

\IWo T/ 735 e EHF

TRiE CD
G ternr L
it g

REPRFZARZ R TEHER

nedp)l c RIVREBHREZ ZASBEMRII BE (DL E)
R EIEN (RIXE) 2EBT DT EARARTH S,
cFRUPRIRVIVLERIEBETTEVEEEET S
D AFERBEICERLTESEICZLWHRED
REINS,
cBETEORMTIEELS IV H/881bic &k %58
ELENmIIEBREE L,

ST 7 I0O0VETORRGENEEZR T ARER
oy BERFAVEIUIITIRVILEEDIEEICHINLT,
cINIWWIF/ARIVET BT ET. BRELSESEEZT
ITEBT LT,
NIV F/ ARV IFRIESER E XD X L%,
BEFEME PHEFEIFREREHERZICK>TREF
LANIVHSERBE LT,

BRA2DFIGHIEERTS

B mEmE

400 °C, 30rnln 450 °C,30min

300 °C, 1mln 500 °C,30min

E1 BERCYHPT)ELBRHMICLVIERL BLADFIGNEEZRTSRL
BRE&TIT XY VLEEDEFRESMEE R (EBSD)EIC & 3 MMAHEE. (L)
BRREIPFR Y 7, HERNDFERAMZEETHR LTV, (F) R (GB)
Rv7, BERDRE ZTNFNARBHRELCNERRERT,

NIV F/ 3B HENT
MRS & MEMEDMITICRLTh

D 1 1 1 1 1 1
0.00 0.05 010 0.15 0.20 025 030 0.35
Nominal Strain

H2 MEQRGAERNBIEEITIIIXIILEEDEN-UY HeiR

NIV FH/#38IcEBHT5
REPE MR _E1EHS D AFEA

E3 FHIEJ=0.98umDBHMBH YT/ XY VLB LFHBEVTH0.095FT
FIRER T EARDEBEFEBRRRER. (a) 10-10]RFWOSBREL
BBREFR. (b) ()BT bibg = (0002) TD K& TDRREFS LUREE
%, (d) (O)RISRLIRIBEIALTA—VE-LETRELER. 72>
VLATIEBEFH LGV A ER OEMASHER N, COLILRHEL
AL ISIL NIV RSB TR R TRIER L b DEEZ S5 NS,

NIVIF/ AR IVIcHI1ES
R EEBOHLVERFELR
[C&BHTFERN G IRAR

Nucleation of plaston

Ultrafine grain

Nucleation

of plaston deformation twinning.

martensitic transformation. etc.
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Concurrent enhancement of strength  EementstatayipatvLior
and ductility in bulk nanostructured

StructuralMaterials{ESISM)

hexagonal metals GL: Nobuhiro Tsuji

Graduate School of Engineering,
Kyoto University

Bag#ground + Concurrent enhancement of strength and ductility in Outlineof the
;gemh structural materials is essential to guarantee a safe and secure L Mechanism of enhanced ductility in
society. 3 bulk nanostructured materials

« Applications of titanium and magnesium alloys having light
weight and high strength have been limited by poor ductility
attributed to their hexagonal crystal structure.

« Targeting the creation of innovative hexagonal metals
through bulk nanostructuring rather than the addition of
critical alloying elements.

Pointsohfthe * Fully recrystallized titanium and magnesium alloys with
researc

various average grain sizes down to sub-micrometer scale
were successfully fabricated.

+ Concurrent enhancement of strength and ductility were
successfully achieved in the bulk nanostructured titanium and
magnesium alloys.

+ Atomistic mechanism of the superior mechanical propertiesin Figure3 Transmission electron micrographs of an ultrafine-grained magnesium alloy sample
. . with average grain sizes of d=0.98 um after tensile deformation at a strain of 0.095. (a) Bright-field

the bulk nanostructured materials was clarified throth image observed along the [10-10] zone axis. (b) Bright-field and (c) corresponding dark-field
_nf _ A H feci images observed under a two-beam condition with diffraction vector g = (0002). (d) Weak-beam
state-of-the-art experlments like transmission electron dark-field image of the rectangular area in (b) at a higher magnification. Highly dense unusual
microscopy and neutron diffraction as well as theoretical dislocations with a c component can be observed. Such dislocations are inferred to be nucleated

. atgrain boundaries when the stress level increases.
calculations.

Outline of the
research Outline of the
resear

Comprehensive understanding of
4 ductility enhancement in bulk

Fully recrystallized magnesium alloys with

1 various average grain sizes

nanostructured metals
by the new concept of plaston

300 °C, 1min 400 °C,30min 450 °C,30min 500 °C,30min

Nucleation of plaston

Ultrafine grain

- -
Figure1 Magngsium-allg){lsa mEIes having various average crystal grain sizes fabricated by :'_Npcleationl NoRiti
high-pi torsion (HPT) by recr annealing atagiven temp - of plaston 3
? A . deformation twi=rirg.
and duration. (Top) Inverse pole figure (IPF) maps by electron backscatter diffraction (EBSD). Color o R A REEE Arion. etc,
corresponds to crystallographic orientations of grains. (Bottom) Grain boundary (GB) maps in which ceLLLLelL 2
the blue and green lines correspond to high angle and low angle grain boundaries, respectively. D E g

Figure4 Unique plastic deformation mechanisms different from primary dislocation glide, such
as non-primary dislocation glide, deformation twinning, and martensitic transformation, have
been experimentally found to take place in bulk nanostructured materials. They can be compre-
hensively explained by the new concept of plaston. When a large enough stress is applied,
collective atomic motion occurs at lattice imperfections such as surface and grain boundaries,
which eventually leads to the nucleation of plastic deformation. Similar phenomena are expected

concurrent enhancement of to take place at the plastic deformation front.
strength and ductility
in bulk nanostructured materials
[ - Concurrent enhancement of strength and ductility in
bulk-nanostructured steels based on the new concept of plaston
+ Gain a fundamental understanding of plaston in other
materials with a variety of chemical bonds in order to over-
come their brittleness

* Vehicles and aircraft
« Structures
- Biomaterials

Applications

000 005 010 015 020 025 030 035

Nominal Strain Contact us here
Figure2  Comparison of stress-strain curves for Mg-alloy specimens with four different average Elements Strategy Initiative for — %Eﬁmﬁ
gEinbizesd Structural Materials, Kyoto University TC

Element Strategy Initiative:
To Form Core Research Centers

admin@esism.kyoto-u.ac.jp
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Elements Strategy Initiative for
Catalysts and Batteries,

Kyoto University
GL : Tsunehiro Tanaka

Graduate School of Engineering, Kyoto University

R&D on precious-metal-free

automotive catalysts and

sodium ion battery systems

tBa(kground + Reduction of platinum-group metal (PGM) use in automotive

rgsteharch catalysts

+ Development of various functions in liquid electrolyte for
batteries

+ Need for developing sodium ion batteries superior to lithium
ion batteries

Outline of the
research

3" Emerging superfunctions in

liquid electrolyte

T - Separation of two reactions by tandem configuration of two

research catalysts

* Mechanism analysis of NO-CO reaction by TWC catalyst
assisted by theoretical methods

« Superstructures realized by applying a coordination structure
of moleculesin an electrolyte

+ Superior conductivity by generation of sodium vacancies and
cubic phase transition

Outline of the
] Precious-metal-free automotive Figure3 The coordination structure
of molecules in an electrolyte can be
greatly modified simply by increasing
the salt concentration. By applying
suitable strategies to this simple
principle, several superfunctions,
including very rapid charging/dis-
charging, 5 V operation, a fire
extinguishing function, and a very
long calendar life, can be realized,

while ensuring manufacturing Satoty Safely
oot} (norrtasiciy) — Nature Energy,

compatibility.
A A 4,269(2019)

1 three-way catalyst:
Tandem catalyst system

i
NO cofiversion over

A sodium-ion sulfide solid electrolyte

Conversion [ %

L singlg non-PGM catal. | . o o
40 with unprecedented conductivity
QB{H’ZrOE Tandem at room temperature
20- R J
i C3Hg - —
e _co - —
e R R N
300 250 300 350 400 450 500 250G
o We———— L.
Temperature / "C - petumina asbus, | Conductivity of Nay gSbo ggWo 1S, :
T wrsonss, g S 3.2x102 S cm! @25°C
Figure1 Hydrocarbon (HC) 5 107 NGBL& o = ,\\\N%PS ) te, Nat. Commun. 10, 5266 (2019)
oxidation by 0, and an NO-CO 2 Fossceramic™ o WCna | *ux NaSHS, NaySnPSy
reaction are divided into two stages. O R AN A Highest conductivity of Li* conductors
Surface poisoning by oxygenated 2 N RN ;‘%:\\ Nay SnPS,, 2 ¢
hydrocarbon intermediates is S0 Nazesipo, N TN TN NI A pdamsetal) 2.5x102 S cm!, LGPS-type
avoided. The tandem catalyst exhibit- " DN T Sy S i i
ed comparable activity to a typical NaisS1aPS s AT\ATT: LN Lig 54511 74P+1.448117Clo3)
noble metal catalyst. HC-PROX CO-SCR . NagGePs -y v Nat. Energy 1, 16030 (2016)
18 22 26 3 34 38 42
ZnCr,0, (CUCO O‘_} 1000 7 /K"
(ZnCr,0, 2

Figure4 A sulfide superionic conductor, Na, gsSho.ssWo.1254, exhibits conductivity superior to that
of the benchmark electrolyte, the LGPS-type Lis.s4Si1.74P1.44511.7Clo 3. Partial substitution of antimo-
ny in Na;SbS, with tungsten induces the generation of sodium vacancies and a tetragonal-to-cubic
phase transition, resulting in the highest ever room-temperature conductivity of 322 mScm™.

Unveiling the mechanism of
a CO-NO reaction over
a PGM-free three-way catalyst
T+ Elucidation of the reaction mechanisms for automotive catalysts
« Paradigm shift in the electrolyte concept for batteries
« Cost-cutting and optimization for mass production

e © Automotive catalysts
- Batteries for consumers and vehicles
« Stationary batteries

Contact us here

Figure2 Tetrahedrally coordinated Cu** formed on spinel oxides is reduced to Cu* by CO, and NO
can be reduced in a subsequent reoxidation of Cu* to Cu**

Elements Strategy Initiative for Catalysts
and Batteries, Kyoto University
admin@esicb.kyoto-u.ac.jp
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 New development of permanent
V magnets for industrial applications

tBa(kground » Development of permanent magnets without critical

rgstcle‘arch elements

+ Technology development for analysis of magnetic materials
with potential for industrial applications

T ¢ Trial manufacture of nanocrystalline permanent magnets by

L hot extrusion.

* Three-dimensional measurement of internal magnetization
distribution in permanent magnets

+ Optimization of the chemical composition of permanent
magnets using machine learning model

Three-dimensional observation of
the internal magnetization distribution of
magnetic materials using
synchrotron radiation

(a) Demagnetized (b) Remanent magnetization
state state

Figure1 Magnetization distribution of a NdFeB magnet having a cylindrical shape with a diame-
ter of 12 um. (a) D ized state, (b) R magnetization state.

[T
research

2 Optimization of the chemical composition of

magnet materials by machine learning

Cumulatie Satsibution ol frequerey

Bayesian
optimization

i

Tempersas 1]

Objective variable

P i1t

Feature g dimemace 3000

[} " n » n = n S

Number of trial

Descriptor

(a) Numerical model from  (b)Curie temperature prediction
Bayesian optimization with optimized model

Figure2 (a) Function of deficient parameters in the chemical composition of the description.
(b) Probability of finding an optimal solution when Curie temperature is the target variable.

Elements Strategy
Initiative Center
forMagnetic Materials

Q

Outlineofthe

e Trial manufacture of

high heat-resistant nanocrystalline
bulk magnets by hot extrusion

(a) Overview of the
hot extrusion equipment

(b) Microstructure of the
nanocrystalline magnet

Figure 3 (a) Overview of the hot extrusion equipment, (b) microstructure of a nanocrystalline
magnet, compressive stress is applied in the direction of the arrow.

I ¢ Realization of ultimate permanent magnet materials

+ Realization of permanent magnet materials based on new
Fe-rich compositions

+ Dissemination and transfer of ESICMM’s outputs to industry

The MagHEM Project is presenting technologies related to the
outcomes of our research center at the New Energy and Indus-
trial Technology Development Organization (NEDO) booth,
AT-01, in the Public Organizations / University / Labs / Over-
seas Pavilion Zone. Please visit their booth.

Research
Area

Contact us here

National Institute for Materials Science,
Elements Strategy Initiative Center for
Magnetic Materials, Planning office
Info-esicnm@nims.go.jp
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