
1

Hitoshi Yamamoto

KRI

Ymmt-hts@kri-inc.jp

8th KIFEE

Tronheim, NO

21 Sept., 2015

Contribution of NdFeB magnets for global 

natural resources  and energy saving



2

Brief introduction of myself



Working in magnet industry over 30 years including R&D of NdFeB and SmCo magnets,

engaged in national PJ related with magnets and marketing activities in USA

A research member in invention of NdFeB magnets in 1983  

Patent of NdFeB magnets and application;  over 120 patents

Nominated in a dictinary “Who’s  who  in  the  world” （2006）

IEC/TC68 convenor of permanent magnets （1998-2002, 2006-2008）

Stayed in USA； California（1989-2005）、Illinois（2003-2006）
Language； TOEIC SCORE ８２５／９９０（2007） English semi-1st（1996）

French； APEF French 3rd grade （2001）

Hitoshi Yamamoto
NdFeB magnets
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Gorham Conference

Presentation Career

1. 1991 (London)

2. 1992 (Orland,FL) 

3. 1994 (Orland,FL)

4. 1995 (San Diego,CA)

* also co-chaired

5. 1997 (Chicago, IL)

5. 2004 (Detroit,MI)

What is Gorham onference?  

It is the

“Prestigious International 

Conference focusing NdFeB

Technology and Global 

Business Opportunities”



Global Warming,CO2 
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Brief introduction of KRI



In 1987, KRI, Inc. (formerly Kansai Research 

Institute, Inc.) was established with a full investment by 

Osaka Gas Co., Ltd. In July, 2003, the company 

changed its name to KRI, Inc..

Establishment of KRI

Osaka Gas company

The Osaka Gas Group consists of 140 affiliated companies employing over 20,000 people.

The sales  ;1,500,000,000,000 yen. (1trillion 500billion Yen)

The profit ;   110,000,000,000 yen.  (110billion Yen)
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http://www.osakagas.co.jp/


KRI Head Office

10 Laboratories

in Kyoto
KRI Osaka Office

5 Laboratories

in Osaka

Tokyo

KRI Offices
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I am here in Kyoto office



KRI

KRI
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KRI Head Office

10 Laboratories

in Kyoto



KRI is a contract research company combinning the functions of a real

research and development, and advanced analysis.

Our funded researchs are ;

①material technologies, 

②environmental technologies

③energy devices

KRI supports business and R&D to get innovative values, intellectual 

properties and fruitful collaboration partnership.

KRI Mission 
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Why magnet is much attention in 
Japan?

This is coming back……



History of Permanent Magnet

Prof. Kotaro Honda

Inventor of KS steel

“father of permanent 

magnet”

Prof. Tokuhichi Mishima

Inventor of MK steel

Dr. Masato Sagawa

Inventor of Nd magnet

Prof. Yogoro Kato (left) &

Prof. Takeshi Takei

Inventor of OP magnet and

current ferrite magnet
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Invention of NdFeB magnet  

1983;NdFeB
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Is “rare earth element” really rare ?



World Rare Earth Production, Deposit and 

Resources

Mine Production Deposit Resources

2004 2005

China 95,000 98,000 27,000,000 89,000,000

CIS 2,000 2,000 19,000,000 21,000,000

USA none none 13,000,000 14,000,000

Australia none none 5,200,000 5,800,000

India 2,700 2,700 1,100,000 1,300,000

Malaysia 250 250 30,000 35,000

Thailand 2,200 2,200 NA NA

Others none none 22,000,000 23,000,000

Total 102,000 105,000 88,000,000 150,000,000

USGS Mineral Summaries, January 2006

Deposit/Production = 838 years ! Ref;  AIST(Advanced Industrial Science and 

technology )     Ph D Yasushi Watanabe  



Rare earth mining

Mountain Pass (Arizona, USA)

* Report of Ishihara, Murakami 

(2006)
Ref;  AIST(Advanced Industrial Science and 

technology )     Ph D Yasushi Watanabe

Mountain Pass



Important Elements for NdFeB

Monazaite Bastonasaite Zenotime Ion-Absorption

La2O3 21.50 33.20 1.24 1.82

Ce2O3 45.80 49.10 3.13 0.37

Pr2O3 5.30 4.34 0.49 0.74

Nd2O3 18.60 12.00 1.59 3.00

Sm2O3 3.10 0.79 1.14 2.82

Eu2O3 0.80 0.12 0.01 0.12

Gd2O3 1.80 0.17 3.47 6.85

Tb2O3 0.29 0.02 0.91 1.29

Dy2O3 0.64 0.03 8.32 6.67

Ho2O3 0.12 0.01 1.98 1.64

Er2O3 0.18 0.00 6.43 4.85

Tm2O3 0.03 0.00 1.12 0.70

Yb2O3 0.11 0.00 6.77 2.46

Lu2O3 0.01 0.00 0.99 0.36

Y2O3 2.50 0.09 61.00 65.00

(Wt %)



Sustainable element table

Which element will be short on the earth ? 

Ｃｕ wil be 

short !!

* Data ; Prof. Koumei Harada, NIMS
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Basics of rare earth magnet
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Crystallographic Strucfture of 

SmCo5, Sm2Co17 and Nd2Fe14B

SmCo5 Sm2Co17 Nd2Fe14B



Process of NEOMAX® Magnet

Melting

Pulverizing

Milling

Pressing Machining

Sintering

Annealing

Coating

Inspection

Shipping

Magnetizing

Nd, Dy, Fe, 

Co, B, Tb, 

Al, Cu, Ga

Raw 

Materials

Production process of  NdFeB magnets



How to improve magnetic properties

  fTIsTBr  )()()(  1０

)()()()( TIsNTIsTKTHcJ  2

Ｂｒ：residual magnetic flux、Ｔ：temperature、Iｓ：saturation 

magnetization、ρ：sintered density、ρ０：theoretical density、α：volume 

ration of nonmagnetic phase、ｆ：crystal alignment degree

ＨｃＪ：coercivity、Ｔ：temperature、Ｋ：anisotropy constant、
Ｎ：demagnetization factor

Ｂｒ is

ＨｃＪ is



The Record Highest (BH)max in the World !!

Br  ;    1.555T

(15.55kG)

HcJ         ;      653kA/m

(8.2kOe)

(BH)max ;     474kJ/m3

(59.5MGOe)
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Typical magnetic properties of NdFeB

coercivity

coercivity
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Pressing direction

VP: vertical pressing

PP; parallel pressing

VP

VP

PP         

VCM, small motor, IT, linear motor

compressor motor, servo motor, robotics

EV, HEV 
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NdFeB magnetic properties vs composition（wt％）
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10 20 30

26Nd-5Dy-68Fe-1B

Nd

Dy
＜0.1

Dy is critical metal

natural abundance is

Coercivity HcJ （kOe）

Dy will be short!



Coercivity vs Ｄｙ content

21Nd－10Dy－68Fe－1B

26Nd－5Dy－68Fe－1B

31Nd－68Fe－1B

Coercivity HcJ （k0e）
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Improve by Dy diffusion



Typical magnet in mass-production

Nd sintered  magnet  

Ferrite sintered magnet  

SmCo sintered  magnet  

Nd bonded magnet  

Remanence Br (T)

Coercivity HcJ (kA/m)
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NdFeB applications



History of HDD (hard disk drive)

9 inch 

(1983)

5.25 inch 

(1987)

3.5 inch 

(1992)

2.5 inch (1993)

HDD drastically decreased in size 

mostly due to the NdFeB magnet 

performance improvement.

NdFeB



50% of Electric Power 
is used for motors !



３．７ｋＷ／３６００ｍｉｎ－１

PM Motor
３．７ｋＷ－２pole

IM Motor

PM Motor 

Volume; 50%

Induction Motor 

volume ;100%

Size comparison between PM motor and 

conventional induction motor

PM motors achieve small & compact size saving natural resources.



PM motor is more efficient  than induction motor

Comparison of Motor efficiency
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Japn is the top runner of inverter air-con using 

(PM)permanent magnet ;NdFeB magnet

Red; Inverter ratio

Inverter air-con can save electric power of 30-40% reduction level

compared with conventional on-off air-con 



Washer Pump 

Wiper 

Speaker

Door Lock 

Sun Roof 

Seat Belt sensor 

Power slide door

Power window

Seat safety sensorAir-con  louver 

Water pump

Alternator 

Antenna lift 

Electronic tail gate 
Electronic  throttle 

IG coil 

Heater blower 

Speed meter 

EGR bulb

ISCV

ABS pump Side mirror adjustment

Electronic 
power steering 

Power seat 

Suspension controller

accelerator  sensor

Speed sensor

Fuel pump

ABS sensor

CVT

Crank angle sensor

Valve timing
Compressor

Electric pump

Starter

Radiator fan

AFS

HEV/EV motor & 
generator

Cam sensor

Sintered ferrite (wet)

Sintered ferrite (dry)

Sintered Nd or SmCo

Bonded Nd, SmCo or ferrite

Massive application of permanent magnets in a car

Memo;  AFS; Active Front Lighting system,  ISCV; Idle speed control valve, 

CVT; Continuoue variable transmission     



NMC

Expanding EPS Applications

Two-arc-radii segment

Low cogging by Two-

arc-radii segment



Future application; Wind mill generater 

Type Horizontal Type

Blade ３

Blade diameter) １５ｍ

Hub height ２２ｍ

Rated power ４０ＫＷ

Generator NdFeB magnet

Rated speed １１ｍ/sec



Permanent Magnet Type MRI

Superconductive type Permanent Magnet type
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• First Mass-production in Japan in late 1980’

• Magnetic Field; 0.2-0.4 Tesla

• Weight;  10-20 Ton

• Compact (less than half space of SC type)

• Non running cost  (No Helium etc)

• No magnetic shielding is necessary



Undulator/ Wiggler 

for SR (Synchrotron radiation)

SPring-8; （Nishiharima）

In-vacuum type 

NdFeB magnet undulator

Electron； acceｌerator → synchrotron ring 

→storage ring → undulator in the beam line

Undulator

Xray;  x１０４ high density beam line 

Two arrays 

of NdFeB 

magnets

Theory of  SR

SR (X-ray)

Electron
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Contributing the “sustainable” earth 

through Nd magnets

Thank you

Tusen Takk ！

Contact; ymmt-hts@kri-inc.jp


