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Functionally Graded Rare Earth Permanent Magnet

A functionally graded rare earth permanent magnet is
in the form of a sintered magnet body having a composition
R',R% T A,F,O;M, wherein the concentration of R’/(R'+R’) contained
in grain boundaries surrounding primary phase grains of
H#,RﬂzTuA tetragonal systém within the sintered magnet body
is on the average higher than the concentration of R?/(R'+R?)
contained in the primary phase grains, R? is distributed such
that its concentration increases on the average from the
center toward the surface of the magnet body, the oxyfluoride
of (R',R?) is present at grain boundaries in a grain boundary
region that extends from the magnet body surféce'to1a depth
of at least 20 um, and the magnet body includes a surface
layer having a higher coercive force than in the interior.
The invention provides permanent magnets having improved heat

resistance.
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MEES 2 - MBHARBEBER - RBT A - BBKS
R EMTOKER  RMLLEE -

M% o MEEER 90:10 R/ BELANKRESW

2 S0 BEENNZESHKP 11 58 BEEMBK 48 kHz
TERREZAUR ALERESALEBDRIINERT T
W 10 pm B 1 pm- WA ETRUREEZZRBETR
=EE T EE 30 o8 @ﬁ.%ﬁ%ﬁ?i?ﬁaﬁ’%*’%ﬂ:ﬁﬁﬁg

£ 1.5 F 2.3 mg/em? - 2% > RABIZIWBE Ar 7 E

900°C TH TR WERE 3 /1B » KRBT 500°CETE ALK

X o

S=
2=

B 1/BENUES  HEEEXZTHBEBEAZHE - &

&

&

MRS M3 E M7 Hf M4 HE Crs Ni» Mo~ Zr &
- BTHEREN  HETRKHREXEERZEBETARE

-

N

e B P3E PT -

| B B W M3 E M7 K P3E P7Z KB HCJ')&E
Bl 1 PHEEZCEAFRAABE  BRETIRE 1- BBZME
BRERE 2- HBENIEBEAMS » XFEEBEE M3 EZ M7 H
TEBELHECHE  REAFRBE LA 20-30°C- A
EPMA £ ¥ i % M3 Z M7 Rk P3 £ P7d Tb & F Z 73 »
HEEH | P DyRFZAHAMMER -BEEFH 1 2HERBA
HBEFRARUBYIERLRZNABIZEFRE- IS FH -
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EHRHBEERWEREAEBEES Tb WMREHRNERE - & &
AN BEES  UREABEBENA

ko - T k F Z
AL E Tb AR HERIFZHABER -

R B I 2 4 M B ORI

x 1
Br Hej (BB KRE Hej ERFAHAEE
= (T) [{(MA/m) (MA/m) (°C)
ZE B 1 | M1 [1.43] 0.96 1.49 115
Bl 2 | M2 [1.39] 2.08 2.47 195
=ZF 6 03 M3 [1.42] 1.20 1.75 150
Z 6 4 | M4 1.38] 1.22 1.68 140
ZE B 5 | M5 |1.37] 1.25 1.61 145
EPH 6 | M6 |1.38] 1.25 2.21 155
g6 7 | M7 [1.38] 1.24 2.47 150
,C' & fl 1] P1 |1.43] 0.96 0.95 95
e fl 2] P2 |1.39] 1.35 1.37 150
Eb & Bl 3| P3 [1.42 ] 1.20 1.15 120
b & Bl 4| P4 |1.38 | 1.22 1.24 125
tb e Bl 5| Ps [1.37] 1.24 1.20 125
L& %l 6] P6 |1.38] 1.25 1.26 130
tE#& Bl 70 P7 |1.38] 1.23 1.22 125
-21 -
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% 095102872 5% E®E 1024 7H 16 E%E@.

:2

Pr Nd Tb Dy Fe B F (0] Al Cu M’

ET %] | BF%] | (EF%) | RTF%) | (EF%) | (BF% | BT %] | RF% | [FF %) | RF%] | (EF%)

BH1 Ml 0.000 § 13.228 | 0.000 0.061 | 79.183 | 5.969 0.179 0.485 0.497 0.398 0.000

HHl2 M2 0.000 | 11.739 [ 0.082 0.000 | 80.598 | 5.959 0.240 0.489 0.497 0.397 0.000

3 M3 0.969 | 11.195 | 0.163 1.013 | 77.695 | 5.703 0.478 1.014 0.492 0.295 0.983

HHl 4 M4 0.971 11.222 | 0.123 1.015 | 77.844 | 5.717 0.359 0.974 0.493 0.296 0.986

BqHS M5 0.976 | 11.276 | 0.062 1.019 | 78.161 | 5.745 0.181 0.798 0.495 0.297 0.990

HHBl6 M6 0.964 | 11.145 | 0.288 1.010 | 77.461 | 5.678 0.842 0.849 0.489 0.294 0.979

'e7 M7 0.960 | 11.099 | 0.338 1.006 | 77.187 | 5.654 0.990 1.011 0.487 0.292 0.975

gl 1 ) 9 0.000 | 13.259 1 0.000 0.000 | 79.371 | 5.983 0.000 0.490 0.499 0.399 0.000

tE&BI2) P2 0.000 | 11.786 | 0.000 0.000 | 80.844 | 5.983 0.000 0.490 0.499 0.399 0.000

te#Bi 3| P3 0.976 { 11.285 | 0.000 | 1.019 | 78.166 | 5.749 | 0.000 | 1.020 | 0.496 | 0.297 | 0.991

O pegB4| P4 | 0977 | 11290 | 0.000 | 1.020 | 78.196 | 5.751 | 0.000 | 0.981 | 0.496 | 0.297 | 0.992

- Le#&Bi5{ P5 0979 | 11.310 | 0.000 | 1.022 | 78.339 | 5762 | 0.000 | 0.800 | 0.497 | 0.298 | 0.993

LE&BI 6|  P6 0.978 | 11.304 | 0.000 1.021 | 78.298 [ 5.759 0.000 0.852 0.496 0.298 0.993

ool 23 KA 4 0.976 | 11.286 | 0.000 1.019 [ 78.171 | 5.750 0.000 1.014 0.496 0.297 0.991

BIBTRAMTAAMBHNE: BRRE (AR
Al REE) 2REREA AEERASE 7@
(ICP) 1T H & - A 151 & 88 /5 L /40 4 58 B KOk 3 8l &
S ANE RAZRKRESE/&BLAABRAZSIFME -
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B 22 B 2bH B M1 R Pl th Dy S ¥ &M E
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B 3R M1 R Pl Dy R F 2 7 538 & M 8 0B
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+ - FHEHNEEB

% 95102872 5% B F] &

aH

-4
X BFHMNEBRELESR
RE9IYTHE SRVHEE
|~28
1. — EeEEmERE R BRI L KKAE
- % >  HEAES4LERYW R'.R*TAGF.OM,» HEh R' 5
=
D E@ﬁSc&Y@$@€T$&DyZ%iﬁﬁ%¢Z£&
— ETZ R’B TbE Dy Z—EFBR_-_F TEHER#EPLZ
—EZH K> ABBMEBPZ—EFR_EXE F HEH 0 R

g ' FE MEEEH Al~ Cu~ Zn~In~ Si~ P~ S~ Ti~ V- Cr
. Mn- Ni- Ga- Ge- Zr~ Nb~ Mo~ Pd~ Ag- Cd- Sn~ Sb
CHf Ta R WheEHb—TE a%E g RAHETRE
G4 2 ETEALABEBBEANT : 10 < a+b <1503 <d <
O 15’0.'01Se54’0.04$f_<.4’0.0ISgsll"iﬂjﬁﬁ%c
j  FHMBAEATLORRE
Eh R HBREASEGE R (R,R):TiA IFH &R
TIMSKE BERE&ENBRZ RYR+RHBETFHER
BEMEIEE&ML RYR+RHBE R ZOMELRE
%m%¢®%%ﬁ$ﬁ%@m’wﬁwﬁﬁk%ﬁﬁm%
MBEXEEHRERESY 2000m TENBREHPHEN
BR O WEBREBZAWIBRBBAN -
). MEHEAMBES | BoiWmEIEXKAME  HTP
 ERNEARERRHEALWES NdR/HK Pr- UER
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BEeREHBRZAMLT T Nd R/K Pr # (RT+RY)
WEFLERASNANBREE RO ZEARLUEERL
WS T Nd R/ Pr#f(R+RHOME FLL HF RPBEESH
BE ScRYRCHBIETRFPES —TFR -

3, mEHHEAEES | BB HRKAEBEK  KH
R'EEEDL I0FEF%Z NdR/K Pre

4, MEHEAHEES | BiW T KRAABE  HF
THEZ D 60 EF %& -

5. MEHENGEES 1 BRI KRKABKE  HF
ABEED 80 F T %M -
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