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Recently, the demand of high efficient/miniaturized parts is increasing with the development of industry. Especially, the hybrid/
electric vehicle market is rapidly growing because of the energy saving and environmental problems. The Nd-Fe-B magnet is one of
the most important material in the automobile industry, which determines the efficiency and performance of traction motors. However,
the issues on the resource and the price of heavy rare-earth (HRE) metals which are used to improve thermal stability of the magnet
are constantly emerging. In addition, as the demand for Nd-Fe-B magnets is rapidly increasing with the growth of the electric vehicle
market, Nd is also expected to be in short supply to meet the demand. Thus, there is a growing interest in research to replace Nd/Pr
with Ce/La which is more abundant and cheaper than Nd along with the development of HRE lean/free magnets. The present article
introduces the trend in research and development of a Nd-reduced rare-earth magnet to solve the problem of rare-earth resources.
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Fig. 1. (Color online) Abundance and price of rare-earth elements [9].
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Fig. 2. (Color online) (a) Demagnetization curves, (b) (BH)y.x and (BH)y./cost versus La-Ce content for MMP magnets [9]
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Fig. 3. (Color online) Schematic illustrations for (a) coercivity enhancement and (b) use of rare-earths in Nd based rare-earth magnet [49].

A AzAMe vA] B2E AZ3E] $18) strip-casting HO-
olg3tq 4 um A

2 Az s T 2 AEEES
719 B Alxsla slev £ 2718 tS
S5l YEo|A= strip-casting THE2] SHFZ 1H4S

oO1-"1 1=

n|H|gks1]
A of3}

B s A 34 A 7] ALY Wil oAl mr

e WEIIE 01831o] BB B W

1:0 }\‘I

sttt A3 Ay AF7RAE o8st] B =a of
1 pm =71¢] ZARE-S 2= B3I oF 1 um 2719] 7
A B3-S AAs7] 984 PLP(Pressless Process) H&=

Azo] ALENT. dEelre o] WHE o83l miAl £

o 2 A sk A8t Y EAE

shasge

gk o}

Uk FHE 248 AHESH S 20k0e o)) M
<= Ueplle A Azl 8EsIAH5]. 1, melt-spinning
H3} HDDR(Hydrogenation-Dispropertionation-Desorption-

Recombination) 3-JH-2 Nd-Fe-B A9 ZAAHS
7] olsl= U]*ﬂfﬂ"‘]?—-l T U oiEAR
1o

HDDR 38HE 53l Alx & &2
AN & mm =Z7]|E JHAAT 2

NdyFe B 2] @A 2719} A}

o%
o

A
WO]E}U 20-24].

H7)= 9 pum

2 oF 300 nmE
2ol wlA B2 A

Zo) g 2 BAHY R A2 BAS 922 4 3
o) G B WSS A8 Allsh A7e] A9%el 2
Borlos 3 oz WaE oy wusl A ks

Sich. HDDR e 72 vlQIEis Eqalo] BeApl Al
H o= HDDR 222 hot-press®} 22 A
Ao ARE e GTEo] ¥
JTH25-27]. Melt-spinning 88552 F
o] B oF Axsh= WAOE ol AFYL
w2t B e 4 nm 27|12 A9 o]
] Y 171000 Gk =710t} SHA]
o] S AR YL FAs] vAlsARE 4%
S 7HA7] wl &l E7PHE (hot-deformation)
tod ol Maxp o g Azt GFAFEHS
g 2P AA7 o] a-% ko g sold wte]
] Aem, T4 EMel sl WA cFol 7}
e
A ZEHFig. 4)[7,28-31].

, 2016d 798 A2 AR AlEAR] Erks tel=
3} FEoE slo|HB|EAlEA FERENE IR

o
L's}
9
i
=
A

o rlo
b

o o
%
g
ol
o

i
1
K

N
B
A

2

>
ol
oX,
o
oj
:.é

tlo
n]I.
&)

Lo

T

DDR
elt-sp
Jo g
o]

M

2
3
5

H

o
5

rE

o
ol
O:
OE

OFO
ol

h
=W

l:l

Al

ik

O

)

A
o o
(t::

i}m
Yoo



-102 -

B EF AHIEA 3122 917 Nd A7 Nd-Fe-BAl G744 24 71& W 53 - 235 - a7 -

Fig. 4. SEM image of Nd based rare-earth magnet produced by a) melt-spun, (b) HDDR and (c) jet-milling powder.
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Fig. 5. (Color online) Schematic illustration of SMP and MMP magnet production [9].
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Fig. 7. (Color online) Schematic illustrations of the rare earth distributions in the Nd-Ce-Fe-B magnets. (a) Initial MMP magnet. (b) Post-annealed
magnet at low temperature and (c) high temperature. (d) SMP magnet [35].
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Fig. 8. (Color online) (a) Demagnetization curves of initial hot-
deformed magnet and Nd-Cu diffusion processed magnet. (b,c) Ce, Nd
and Cu mapping images of Nd-Cu diffusion processed magnets [38].

Z7}s}A DckFig. 8)[38,39,48].
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3. Nd XMz XfAfo| o obEy
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AR & eHgAS FATE RS BT Fo3 AT B
ofoltt, YW o Z Nd AM] HAES 3PA1717] S8l &
JEF FE5S WBIAY 239 CoF ISl A9 W
E43& gt AN ARIEAIR Q18] Nd A7 ARde]
HowAl Nd til Ce/lLag X133l 5438 1717
S Aol H Bol Harxar 9t} ofe} #Aste Ce
o] 71 ARl A9 wlalEzel] wEt WEE/de] 2
A geigoe] RaEal 9o, wile] SMP ol uisl] th
2ol MMP 22 7IAE A1) & ekAeo] 953] wol
U 53] 2= w2 B 7haHlgoe] A /gt
(Fig. 6(b))[9,32]. 3HH, Nd-Ce-Fe-B AX2] & <oFg4S 7|
2817] 98l A7k tiEA] 288 Yook Y 94 Ndell
Hs A@sta TR FJE FEHEOF Y Fe B A
CerFersB AH7 553 Hy, 958 J(1417), 2 7o
T 7565 K)yg Adth. 53] o dxAle] & #Akgo] 9
317] Wit Nd-Ce-Fe-B ZH& tiAE 4 Qe 3|E 24
o7 FEHY Qi) AA| F5F Zhejiang ek Mi Yan 1L
FHOIME Ce-Nd-Fe-B AH90l Y& 378l a1-2042] B
AHe FA Ndske ATATE BHEEICKFig. 9)[50].
Sk, melt-spun = A9} st Sidh Ta] H7F HA
o] AMHAS FIAIE F Aokl BarEar QlTh34,51].
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Fig. 9. (Color online) (a) Demagnetization curves of the magnet with (a) 9 wt.% Y35Ceq s substitution and (b) 9 wt.% Ce substitution for Nd at
selected temperatures. (c) Temperature coefficients of coercivity of initial magnet, the magnets with 6, 9 and 12 wt.% Y 35Ceoes and 9 wt.% Ce

substitution in different temperature intervals [50].
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