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E‘ﬂ The quest for high energy-density permanent magnets
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Development of permanent magnets
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i Further Requirements from Society

Permanent magnets for the next generation applications

O Dy-free Nd-Fe-B (realized by
20106)

O Permanent magnet with
superb performance at high-
te m pe ratu res Global Wind Report 2016

O Emerging applications

O Quest for development of new
permanent magnet free from : ‘ |
critical elements o e
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% Our Goals:

Goal 1: Realization of ultimate permanent magnet
materials

Goal 2: Realization of permanent magnet materials
based on new Fe-rich compositions

Goal 3: Establishment of basic science of
permanent magnet materials

Goal 4: Dissemination and transfer of ESICMM'’s
outputs into industry.




o Topics: Generation and control of coercivity

A basic ingredient for ESICMM studies:

ti ivity: Barriers! i
generating coercivity. Barriers Crystal structure and magnetic

Surface of magnet properties of main phase

H, ‘—L/W\ 'L./ _= of sub-phases

'. —> Grain boundary and interfaces

= Theory of coercivity

Sub-phase acting as
magnetic barrier

Thermodynamics

Main phase




# ESICMM

The core research center for
permanent magnet

in the Element Strategy Initiative
under auspices of MEXT since 2012

13 member institutions
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Theory Group

T. Miyake
(AIST)

Theoretical search
of new matter

Principal Investigators 18PI (including 3GL and 6 PI from NIMS)

S. Tsuneyuki
(ISSP)

Common Platform

(TITech)
First-principles
structural studies

H. Tsuchiura

(Tohoku Univ.)
Theoretical study of
coercivity

| s. Miyashita
(ISSP)
Statistical physics
of coercivity

Head Office

S. Hirosawa
Director-
general

C. Mitsumata
Planning
Manager

(alphabetical)

T. Tadano
(NIMS)

First-principles
lattice dynamics

Thermo-
dynamics

W T.Abe
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~ Computational
phase diagrams

T. Koyama
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Phase-field

. | analysis
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Magnetization
process
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Synthesis Group

S. Sugimoto

(Tohoku Univ.)
Novel multi-phase
magnetic materials

T. Teranishi

' (Kyoto Univ.)

Synthesis of magnetic
' meso particles

YK. Takahashi
(NIMS)
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T. Ohkubo
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Synthesis of bulk
magnetic materials

H. Nakamura
(Kyoto Univ.)
Synthesis and
analysis of ferrites




W Target materials for ultimate permanent magnet

Selected groups of hard magnetic materials
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o Development toward “ultimate Nd-Fe-B”

v Grain-boundary-infiltration process to hot-deformed Nd-Fe-B
v Dy-free Nd-Fe-B-Co-Ga with 2 tesla coercivity at RT (suitable up to c.a, 150°C)
v" Superb performance at 150 °C with Ndg,Tb,,Cu,,-infiltration alloy
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Fine- gralned (D 200 nm) Nd-Fe-B J. Li et al. Acta Mater. 161 (2018) 171-181. "
NIMS
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o Discovery of new 1-12-type compounds

Map of hard magnetic compound in 2012
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. Discovery of new 1-12-type compounds

Synthesis of single-crystal NdFe,,\ and
(Sm,_Zr )(Fe,,Co,) (0.1=x<0.2)

v — Stabilized bulk alloys
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W‘ Atomic spin model to understand coercivity at T > 0

Stochastic LLG simulation Thermo-statistical analysis (Monte-Carlo)
% — Spin model Spin model of Nd,Fe,,B; 713,172 spins (c.a., (21nm)?)
9 c4lls(109.71 A) Of NdZFe14B . -
oBC 82,944 spins Thermal actlvatlon7
12 celsplos based on ab-initio L’»lr i
- parameters
12 cells(105.6 A) s

-4T; 400K

04 06 08 1.0

Normalized Temperature
S. Miyashita, M. Nishino, et al. Coercivity vs. temperature from energy barrier calculations,
Scr. Mater. 154, 259 (2018) Y. Toga et al. submitted, presented at MRM2019, E-1-13-009

NIMS
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Wi Thermodynamics Data Base

BFe,Nd, +Fe,NdB,+L
Cu,Nd+CuNd+ BFe,,Nd, +Fe,NdB, CuNd+ BFe,,Nd, +Fe,NdB,+L

v'There was no systematic e
‘ ‘ +L+ BFe,Nd,

Cu,Nd+ BFe,,Nd,
CuFe,,Nd +BFe, ,Nd,+L

database for permanent FNBBCC
magnet alloys.
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. Fe Fe,Nd,+ BFe,Nd, L = Fe,:Nd,+Fe,,Nd+CuFe,;Nd+ BFe,,Nd,
Ga-O and Sm-Fe-Co-Ti-Ga-

Cu-; (on-going)

Abe, in ESICMM Pamphlet 2016

The stable
area of 1-12

v'Phase diagram calculation
service since June 2019

Abe et al. Abstract #157,
JIM2019 Fall,

CO 02 04 06 08 81 Kou et al. MRM2019 E1-12-P04
u Mole fraction of Sm m ”
NIMS
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Vision : Core center for academia-industry cooperation on =
permanent magnets (toward Goal 4)

Our vision is to establish a matching-fund program in NIMS-MOP for cooperation
with industry to inherit the research core and network of ESICMM.

Research Network developed in NIMS M-cube Program

ESICMM Advisers from Industry
_ ShinZtsu &TDK M 0 P

Parallel Project ‘ u
in NEDO-METI - ) ‘ hM“'e"“'SM"gb “Horizontal cooperation in
MagneM) | NIM | Houpo steeL sharable base science to
) ' AL STEL strengthen innovative ability”
TOYOTA
HlTACHl

Inspire the Nex

~
User group
Cl’OS?S-
Reflecting users needsj appointment

[ Steel
NIMS ndug?:ay}

Mid-term
fundamental
research

DisseminationTUnpublished results, Phase diagrams, etc.

Cooperative field

Development to Development to
amm.  NIMS Permanent Magnet Partnership " ",;yo e e
«w 14 member companies p\a(\e Magnet Industry
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W Summary

As the core research center for permanent
magnets, ESICMM has developed:

1.

Dy-free Nd-Fe-B comparable to conventional
magnets basing on the new understandings,

New Sm(Fe-Co),,-type family of hard
magnetic compounds based on theoretical
predictions,

Fundamental understandings for R&D of
permanent magnets (thermodynamics and
mechanism of coercivity)

Future vision for academia-industry
partnership (MOP)
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