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Requirements for 
high-performance magnet materials

Visualization in Mechanism 
of magnetism

Mechanism of magnetism
in rare-earth magnet compounds

Search for maximum performance of 
magnets through ab-initio data

catalyst support

3

Main phase
・High saturation 
　magnetization
・High magnetocrystalline 
　anisotropy
・High Curie temperature

・Neodymium oxides
・Amorphous

Sub phases
・Optimized microstructures 
　for high coercivity

・Growing market for high-performance permanent magnets
・Anticipation for novel materials beyond neodymium magnet
・Anticipation for novel magnet materials that do not include 
critical elements

・Understanding high saturation magnetization and high 
magnetocrystalline anisotropy 　

　based on quantum theory
・Efficient materials discovery using a combination of 
computational, data-driven, and 　

　theoretical approaches
・High magnetic properties of Fe-rich rare-earth magnet 
compound NdFe₁₂N: prediction by 

　first-principles calculations and visualization

Figure１　High-performance permanent magnet materials require a main phase having high 
saturation magnetization, high 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.

Figure 2　High saturation magnetiza-
tion and high Curie temperatures in 
rare-earth magnet compounds come 
from the 3d electrons of transition 
metals, whereas the 4f electrons of 
rare-earth elements are the source of 
strong magnetocrystalline anisotropy. 
The direction of the orbital magnetic 
moment of the 4f electrons is affected 
by the crystal field produced by the 
surrounding charge distribution.

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 Nd₂Fe₁₄B, is seen.

Figure 4　Difference in the electron spin-density is obtained by subtracting that of NdFe₁₁Ti from 
that of NdFe₁₁TiN. The difference near the N atoms is conspicuous, is seen. 

・Discovery of novel magnet compounds and optimization of 
chemical composition by machine learning / AI

・Mechanism elucidation of coerciviry

・Electric motors for xEVs 
(hybrid vehicles, electric 
vehicles etc.) 

・Wind turbines

Contact us here
The Elements Strategy Initiative Center 
for Magnetic Materials
esicmm-info@ml.nims.go.jp
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・Visualization of electron spin-density that may affect the magnetic 
　properties.
・Development of 3D-Printing technology that enables us to depict  
　the crystal structure and electron density in the transparent resin.

Several hundreds of data points 
obtained by high-throughput  
ab-initio calculation are visualized.

Materials located around the peak 
position in performance are searched 
and targeted as candidate materials 
after their structural stabilities are 
examined.

Among candidates, those possibly 
synthesized are further investigated 
theoretically in detail .

Syntheses of thus predicted materials 
and their characterizations are tried 
out.

Fe

N

Ti

Nd

Procedure for 
materials design

Ferromagnetism is unstable in the 
region to the left of the dashed line.

Microstructure

Sub phases

Main phase
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・Home electric appliances
・Industrial robot
・drone  etc.

This helps us to get better understanding and 
deep insights, supporting the creation of new ideas.
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Novel Automotive Catalysts 
Using Less Noble Metals
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Model Reaction for purifying automotive exhaust gas

C3H6: residual component due to gasoline, CO: component formed by incomplete combustionof gasoline
NO: component formedunder high temperature (> 1000 ºC) in engine

The catalytic activity of 0.5 wt% Pd/Mn-YbFeO3 is comparable to that of 5.0 wt% Pd/Al2O3.

0.5 wt% Pd/Mn-YbFeO3

5.0 wtww % Pd/A// l2O3

Development of novel catalyst 
support havingoxygen storage capacity

Catalytic performance of Rh nanofilm and
Rh nanoparticle catalysts

Reduction of Pd usage by improving 
a function of catalyst support

・Reducing the use of platinum-group metals (PGM) in 
automotive catalysts is of practical importance.
・Thermal sintering of metal nanoparticles poses a significant 
problem to catalyst life.
・Catalytic active sites are thought to be the surface of noble 
metal particles.

・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.

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.

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, N₂ balance. GHSV = 1.2 × 
105 h-¹.

Figure３　 (Left) NO conversion to N₂ over Pd catalyst supported on Mn-modified hexagonal 
YbFeO₃ (Pd/Mn-YbFeO₃). 
(Right) TEM image of Pd/Mn-YbFeO₃ having hexagonal plate-like nanoparticles. 

・Elucidation of the reaction mechanisms for nanofilm catalysts 
・Development of nanofilm catalysts for various chemical 
reactions
・Development of novel catalyst materials using the crystal 
structure of catalyst supports

・Automotive catalysts
・Microreactors and smart reactors
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Figure 4　(Upper left) Structural change of Sr₃(Fe₀.₈Ni₀.₂)₂O₇-δ during the purification of automo-
tive exhaust gas (Upper right) Efficiency of NO reduction at oxygen vacancy site in 
Pd/Sr₃(Fe₀.₈Ni₀.₂)₂O₇-δ (Below) Mechanism for NO reduction in Pd/Sr₃(Fe₀.₈Ni₀.₂)₂O₇-δ. 

Paradigm shift in catalyst preparation 
and structure

Roadmap

Applications

Contact us here
Elements Strategy Initiative for 
Catalysts and Batteries, Kyoto University
admin@esicb.kyoto-u.ac.jp
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Toward ultimate safety
while retaining repeated cycle stability

Electronic structures of 
highly concentrated electrolytes

Repeated cycle stability of 
hard carbon negative

electrode for Na-ion batteries

Comparison of flammability

Elements Strategy Initiative for 
Catalysts and Batteries (ESICB)

GL：Atsuo Yamada,
School of Engineering, 
The University of Tokyo

Contact us here
Elements Strategy Initiative for Catalysts 
and Batteries, Kyoto University 
admin@esicb.kyoto-u.ac.jp
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Fire-Extinguishing Organic 
Electrolytes 
for Safe Batteries 

・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?

・Highly concentrated fire-extinguishing TMP-based electrolyte 
can form a very robust passivation 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.

Figure １　Electrolyte design concept for a safer battery. By ultimately simple strategy of increas-
ing salt-concentration, interfacial character is dramatically modified to realize very stable 
operation, and many of the solvents are functionalized (fire-extinguishing TMP this time).

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)

Figure 3　 Flame tests on conventional 1.0 M NaPF₆/EC:DEC (1:1 by vol) electrolyte (left) and 
laboratory-made 3.3 M NaFSA/TMP electrolyte (right)

Figure 4　Electronic structures and coordination structures (insets) of 3.3 M NaFSA/TMP solutions 
obtained with DFT-MD simulations. Na+ cations, FSA－ anions and TMP solvents are shown in 
orange, blue and grey, respectively. The pDOS, projected density of states, shows that LUMO are 
located at FSA and that the FSA is attacked first upon reduction to form a passivation film.

・Paradigm shift of electrolyte concept
・Cost-cutting and industrial development
・Optimization for mass production

・Consumer batteries
・Batteries for vehicles
・Stationary batteries
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Commercial electrolyte：
× Flammable

○ Solvent-derived
SEI film

× Interface cannot
be formed

○ Salt-derived
SEI film

TMP electrolyte：
○ Flaｍe retardant
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Concurrent enhancement of strength 
and ductility in bulk nanostructured 
hexagonal metals
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・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.

・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 nanostructured titanium and 
magnesium alloys. 
・Atomistic mechanisms of the superior mechanical properties 
in bulk nanostructured materials were clarified through 
state-of-the-art experiments, such as transmission electron 
microscopy and neutron diffraction, as well as theoretical 
calculations. 

・Concurrent enhancement of strength and ductility in bulk 
nanostructured steels based on the new concept of plaston.
・Fundamental understanding of plaston in other materials 
having a variety of chemical bonds in order to overcome their 
brittleness. 

・Vehicles and aircrafts
・Structures
・Biomaterials

Figure ３　Transmission electron micrographs of ultrafine grained magnesium alloy sample with 
average grain sizes of d=0.98 μm after tensile deformation to a strain of 0.095. (a) Bright-field 
image observed along [10-10] zone axis. (b) Bright-field and (c) corresponding dark-field images 
observed under two-beam condition with diffraction vector g = (0002). (d) Weak-beam dark-field 
image of the rectangular area in (b) at a higher magnification. Highly dense, unusual dislocations 
with c-component can be observed. Such dislocations are presumed to be nucleated at grain 
boundaries when the stress level increases.

Figure 4　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. 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. 

Figure １　Magnesium-alloy samples having various average crystal grain sizes fabricated by high-pressure torsion (HPT) 
followed 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.   

Figure 2　Comparison of stress-strain curves for Mg-alloy specimens having four different 
average grain sizes d.

Fully recrystallized magnesium alloys with 
various average grain sizes Comprehensive understanding of 

ductility enhancement in bulk 
nanostructured metals 

under the new concept of plaston

Concurrent enhancement of 
strength and ductility 

in bulk nanostructured materials

Mechanism of enhanced ductility in 
bulk nanostructured materials
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