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Introduction

Characteristic of magnetic materials

g 1 = Generally, the magnetic materials are classified by the
3T = magnitude of the coercive force.
g b ) e R (23 e | SOFt magnet @ 1 kA/m(13 Oe | )
g ol —T : * Semi-hard magnet : 1~40 kA/m(13 ~ 52 Oe)
- [ rreome ety ) 1%:) s Hard magnet : 50 kA/m(65 Oe 1)
5| Cobases axchangd-coupled

ropic)

Q“ Development progress '
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Intrinsic Coercivity H, (Oe) 400 - 50
* After the KS-steel was developed, More than X
. Nd-Fe
10 kinds of permanents magnets have been 320 4 - 40

developed.

Sm,(Co-Fe-Cu-Zr),

240 - - 30

Sm,(Co-Fe-Cu),

(e09ON) xew(Hg)

Bm-Fe
* Since the advent of the rare earth magnets, Sm-Pr-Co
performance of permanent magnet was quickly 160 Smeredtmin L 20
developed.
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KS-Steel MK-Steel : &—' BaSr-Ferrite
Stee

* Maximum energy product of NdFeB magnet is
60 times greater than KS-steel.
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Introduction

Development progress )]

Magnetic field strength )
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OTHER IMPORTANT CHARACTERISTICS
- Thermal stabiity, Resistivity Nd-Fe-B e r r I e
oV Comosion Resistance
Manutacturatulity, Cost, eft Sm-Fe-N
N -
Aniso Bonded Nd-Fe-B

40
o Iso Bonded Nd-Fe-8
O
:. 30 Sm-Co
: Ferrite .
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m 20
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= Relative magnet size and shape to generate 1000

= ‘?1‘—15-‘?’ gauss at 5 mm from the pole face of the magnet AV ~ 98% (1940 -1995)

g I SmCo 28 N38 * More smaller
T * Light weight
) Ceram|c8 o
T | | LT—] * Energy efficiency

V=14.3cm3 V=11.9cm3 V=19.6cm3 V=0.37cm3 V=0.28cm3



Introduction

Nd- Fe- B system ] ©
Energy Product versus

Nd,Fe4B + Nd rich Temperature
» Invented by Sagawa & Croat in 1982
« Saturation magnetization, Ms=16 kG
« Anisotropy field, Hy=73 kOe
« Energy products, (BH)max=64 MGOe
 Curie temperature, Tc=315 °C
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Therefore the development of high coercivity Nd-Fe-B . mtlidadi
permanent magnet is a challenging issue. 0 %0 oo - i
HDD’s, CD's Holding, sizl::rz.u;:nseewlnd :Ig:)f:g::n:?::Ofs, z:)r:o:sh ;? 'g"::er:::g::.n :510 Temperatu re, OC
35.000 : DVD's, Sensors  Sensors power generators wind power traction drives 15
| Wi L * Add Dy and Tb for improvement of H_
as a Function of Dysprosium Content
30.000 || Approximate
* However, remanence and energy
25,000 | 180 . products become lower.
o | X e+ HRE(heavy rare earth metal) is relatively
3 2 . . " . .
£ 20.000 | \ 12 0 expensive and being limited in quantity.
15.000 H— 7 E s | Prius 11 -> Hence, d hew tEChnOIOgy that can
a0 el > magnets | Increase the coerC|Y|ty of Nd-Fe-B
60 1 ‘ | ; & sintered magnet using Dy-less or Dy-free
0 2 4 6 8 10 12

Dysprosium, % process Is necessary.



Research Trend — Dy less

Alloy design of rare earth magnet

© Need to contain much Dy to increase Coercivity

N dJ = y;lf MJ = B © Dy content of magnet for HEV(8~10 wt%), compressor(5~6 wt%)
@ Cost of Dy is 10 times higher than Nd

Grain Boundary Diffusion Process g ahoyy Mt Dy diicsion

Dy coating Dy diffusion Dy segregate
[ ] [ ] { [
[ ] [ ] 7
‘ ° (] ‘ 2 y
[ [ ] §
Dy coating on Dy diffusionduring Dy segregation along Zs: m /\
Nd-Fe-B magnet heat treatment grain boundary

*Sources of Dy : Dy film, compounds, vapor

 Deposition of Dy film

Coating with HRE Compound -10.8 E
0.6 &
e Dy compounds — Sample Size 0.4
20X20X 2t mm -0.2
1 Il 1 — -
Is 1.0 0.5
H (MA/m)

« Dy vapor ..
Coercivity, 6 kOe?1 Dy, 2-3wt% |

reported by Shin-Etsu Chemical in 2005




Research Trend — Dy free

Grain size : single domain
(~300nm)
oo §ing|e-domaigi Multi-domain
P — ; - .
> | @ ‘ . The crystal magnetic
Ky o) Multi domain . . .
2|E | S anisotropy is increased.
w o
O | e
&) § Method : HDDR, Melt spinning
. Dc GRAINSIZE
4 A
Grain boundary : Magnetic decoupling
Rougn  Reverse N Huciation Control the reverse domain
interface domain domain .
by interface defect and
1 Nano- K& . .
EH structure magnetization reversal by
k= Control FH .
i * i the grain growth.




Research Trend — Dy free

Hydrog
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Nd-rich \
a-Fe

Hydrogen reaction during Decomposition(NdH,, Fe, Remove hydrogen during heat Recombination Nd,Fe,,B phase
heat treatment Fe,B) by hydrogen reaction treatment o
2B) by hydrog Grain size_: 50-300nm

Melt spinning Cold pressing Hot pressing Hot forming

Grain size : 20-50nm
Nd.FesB Nd-rich

Isotropic Grain rotation Grain rotation and Anisotropic
grain growth

This powder need hot deformation to form anisotropic structure



Application of Nd magnets
|_Automobile ) | Renewable energy )

Nd-Fe-B sintered maanets

12kg

(Nd,Dy)-Fe-B magnet
Fegs sNdyoDY,B1Aly 3CuUg 1Og 4 (Mass.%)

High performance magnets are used in IT, Automobile and Wind generators.
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