10

15

20

25

30

35

DESCRIPTION TITLE OF INVENTION ND BASED SINTERED MAGNET
AND ITS PREPARATION 5 TECHNICAL FIELD [0001] This invention
relates to a sintered Nd base magnet 10 which is increased in coercive
force while suppressing a decline of remanence (or residual flux density),
and a method for preparing the same, and more particularly, to a sintered

Nd base magnet suited for use i%magnet rotary machines
capable of high speed rotation such as electric 15 vehicle motors, power

generators and FA motors, gpgggnethogrfienpreparing the same.

BACKGRQ&%@@%&R#&%;&%B%& OhGseleat maaRele, oy oy

properties, Si ase magnets find an ever’increasing range of
application. In the field of rotary machines such as motors and power
generators, permanent magnet rotary machines using sintered Nd base
magnets have recently been Wﬁﬁ&@ resRoRse to 25 the demands for
weight and profile reduction, performance Tmprovement, and energy
[%%Qaﬂé. [0003] The permanent magnets within the rotary machine are
exposethtbseleviated temperatliceteise tovthe adat genedativh ¢Gfa8@ magnet
wiiRslings apd dran.corgs and kepksyseertibleto demagnelizatipa by g a
magnetic field of opposite direction from the windings. There thus exists a

AFELuT6r & 5irteRA R Bast hab REt ity HdEr SRS hcdttiin @ method
fievapvbroeicive fdree semdng as@mindex bidérhagheiiZationt3s a sintered

NECHSIFECRINE @ NaXIFAE FIPANERCe seyiehahan ihdexp{emagpituds

mgLIAANSNC 10168, 1 (90041 Sy el d0gade 1S KROURIR MR Wfectrac
vehicle motors, power generators and FA motors, and a method

for preparing the same.

BACKGROUND ART

[0002]

By virtue of excellent magnetic properties, sintered
Nd base magnets find an ever increasing range of application.
In the field of rotary machines such as motors and power
generators, permanent magnet rotary machines using sintered
Nd@ base magnets have recently been developed in response to
the demands for weight and profile reduction, performance
improvement, and energy saving.

[0003]

The permanent magnets within the rotary machine are
exposed to elevated temperature due to the heat generation of
windings and iron ccres and kept susceptible to
demagnetization by a magnetic field of opposite direction
from the windings. There thus exists a need for a sintered
Nd base magnet having heat resistance, a certain level of
coercive force serving as an index of demagnetization
resistance, and a maximum remanence serving as an index of

magnitude of magnetic force.
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An increase in the remanence of sintered Nd base magnets can be
achieved by increasing the volume factor of 5 Nd2Fe14B compound and
improving the crystal orientation. To this end, a number of modifications
have been made on the process. For increasing coercive force, there are
known different approaches including grain refinement, the use of alloy

L @@fpbsitions with greater Nd contents, and the addition 10 of effective
elemergsvre tutenty dwshcemmawapprathis doaiseatiogive force.

compogiions &3 which By o Tb substittigs foropar of Nob- SUbRtuYRg

these elements for Nd in the, Nd2Fe14B compound increases both the
MAGRER PR hadfefC Y GAd tHe EBERTEDPE S the GSUNE THe ©f
NAF sufSstingirowitd yndr Thirorothingthehkagd; retiadetheergffdton To

rnagnatie polakizatiosof dike gempevnd: Thareferevasjeng agdbe abavere

aken to increase coercive, forc loss of remanence js

p]:aggéosaSCh i 58":}5 AT [s]e] Ve %oa}:ce tﬁ}lare are %nown
_unav0|dable.o[60€ﬂ]§‘]c n §|rﬁeredﬁﬁa bhse r_nagne'ts_, e coercive force Is

dierspiheapRgaRGEe 6f AR eXxidARidnagAdit f@d themed thy fh8@ePse of

aTeversesna@neticidarsamns et geaia doendrdes ohewnation ahdicieiofaddition

o{)e‘éef%%é%%e“ A9AIRS Is largely. dicated y the srucife &t the,graldicn 15

oundary In such a 25 manner that any disorder of grain structure I
torgamitstd Me HIRREN-HOREs AidRHsHh B f PhadibtRiRflrgtes for
pd{temin:gffmmat_icﬂubfsrej/emggmwcsdommnﬁs deneraily believied
ndNPE2 AUNRYE SHECUE LXtnding oM {hR0Ealn beYnday dOrmeadeRIb af

about 5 nm contributes to an 30 increase of coercive forcg. Se o

ENohepafett BRTURRE I+ KE D D&t 3hd HKrSRBRABF TH

SUBERCINE FEWDOFBINTERED AND thie| 7idpryNgiFeBreduces the

s %%%@Hgir&:"]ﬂ@@ﬂékﬁfd\ﬂﬁg natism anddiagretion Maishiplsndd (198Rkrefore,
=75, [0006], 35 The inventors discovered that when a slight amount of .

=816 Bt oD Py (LR acE O A R et ve

T sty ﬂﬁd‘é’éﬁh@fh@ﬁﬁ%@ﬁ’ﬁﬁi% mggmvgldabla .

[0005]

In sintered Nd base magnets, the coercive force is
given by the magnitude of an external magnetic field created
by nuclei of reverse magnetic domains at grain boundaries.
Formation of nuclei of reverse magnetic domains is largely
dictated by the structure of the grain boundary in such a
manner that any disorder of grain structure in proximity to
the boundary invites a disturbance of magnetic structure,
helping formation of reverse magnetic domains. It is
generally believed that a magnetic structure extending from
the grain boundary to a depth of about 5 nm contributes to an
increase of coercive force. See Non-Patent Document 1: K. D.
Durst and H. Kronmuller, "THE COERCIVE FIELD OF SINTERED AND
MELT-SPUN NdFeB MAGNETS," Journal of Magnetism and Magnetic
Materials, 68 {(1987), 63-75.

[00061]

The inventors discovered that when a slight amount of

Dy or Tb is concentrated only in proximity to the interface

of grains for thereby increasing the anisotropic magnetic
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field only in proximity to the interface, the coercive force can be increased
while suppressing a decline of remanence (Patent Document 1: JP-B
HO05-31807). Further the inventors established a method of producing a
magnet comprising 5 separately preparing a Nd2Fel14B compound
composition alloy and a Dy or Tb-rich alloy, mixing and sintering (Patent
flﬁd&[irﬁéﬁtyz:ljpwrmﬂmtmsmnﬁﬁﬁ matheatteepy bR oGRI-QAl|e force
carecomebrechiguid ehash dlsingube sédering ste pdandiisndistributethso asce

( 33 SUHOURA L NEZFe 14B0mpainds £gy 30 repulbsubstiviion ol i@ rs
Tb for Nd occurs only in _proximity to grain boundaries of the compound,
AR R Ao PRI RE L R PERTNA Trcd VIRRPS p7liAg 108
sejpeiiad of terpasarisel jG0GY | Ng, Fre.Bbovanpethcd, dronwevel tsufferg L Loy and
a fttgm ?Qmﬁmffblﬁm%ﬁggﬁe %@%ﬁgelafn%losaém@m L I@W(?@ﬁé%%i%@@lment
at a_te rati ig to , r Thtends tg diffuse
2ho'?%ne1g{/na8ﬁ§e%§g£gﬁé of Nd2 ejﬁén(?r%/%%%gra)\%#& gt ﬁgotl%fo he alloy
besraleAthR rddfdnhbizeAiRiHUGTIRE 20NRruR I B citaR sddudéd
dieagnahievenls thaidyer sihchas:diffusad invna grajiiebasigesysdrfacas a
r %H%‘? aqigpi ;9 ahoyt 11 pipicrans.fop,heypteriace, and e, 5,
iffused region accounts for a volume fraction of 60% or above, AS_the
RIS distah cBhAtRc SR 9RFINS BeLomES forRfEFPOY itk cRtEMratin
e f BytdvED improxiemibatoithe inteeface vbedormes lower Lkoweppg desing a

asinteriRg emperatye.is. ffective to minimize the excessive diffusion into
{ (?Cé)gtal grains, but not practically acceptable because low temperatures

fd densification by sintering. An 30 alternative approach of sintering a

compathat lowo s pertiage uriteyevess e dpplied Hyanhsogrespppb lems .
sihr.dikg imsuecassiyin dppsification, bukenighaasextreme diepeéa at a
R B RO S Sl o
diffuse not only at the interface of Nd,Fe,,B crystal grains,
but also into the interior thereof. An observation of the
structure of an actually produced magnet reveals that by or
Th has diffused in a grain boundary surface layer to a depth
of about 1 to 2 microns from the interface, and the diffused
region accounts for a volume fraction of 60% or above. As
the diffusion distance into crystal grains becomes longer,
the concentration of Dy or Tb in proximity to the interface
becomes lower. Lowering the sintering temperature is
effective to minimize the excessive diffusion into crystal
grains, but not practically acceptable because low
temperatures retard densification by sintering. An
alternative approach of sintering a compact at low
temperature under a pressure applied by a hot press or the
like is successful in densification, but entails an extreme
drop of productivity.
[0008]

Another method for increasing coercive force is known

in'the art which method comprises machining a sintered magnet

into a small size, applying Dy or Tb to the magnet surface by
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into a small size, applying Dy or Tb to the magnet surface by -3 sputtering,
and heat treating the magnet at a lower temperature than the sintering
temperature for causing Dy or Tb to diffuse only at grain boundaries. See
Non-Patent Document 2: K. T. Park, K. Hiraga and M. Sagawa, "Effect of
s Metal-Coating and Consecutive Heat Treatment on Coercivity of Thin

SIN-EBTE hte ARPMAGAESUTBRICERAINGL o IRERRkedT IftetR¥fdnal
t AMprkshbp DR RaresE itk Medgrists and TenpspplicationtoSendais b6 Dy or

Il Al S b S S

uzuki, M. Ito and T. r a, "Grain Boun iloring of Nd-Fe-

DRGHRrAd h%égr%(eTs%hdgﬁrg?r agngﬁé: ?’?gpearﬂégsajﬁprgge%a ngs ogtglégGCt of

Meal -Sisrpgivacting of trsPeWlév e Peederverliugyt Serickparedy ity of

TIRIRCHNBY s TiH is TAverefiealivglye eancentiaies shigiedd boundarkess thiseen

nﬂ%@og%c%%eld%%?s%eaéﬁ” ec a{%'.%’ﬁf & nvg;fhsougggb%gflggl
sacrifice of remanence. This method is applicable to only magnets o

ARPIaHCREE BP fhin §85E83dr-the réador ARR %S theRsadiit nBataMdrgRpcument

3 speCifiMsurfade aren, tHatdasas the Siaghetisksmaler intsizeyradlaiger

nEFIGHNEOT Dyaraliissyailahley 28 Hawevel ;thecanplication osmefdlreq
coating by sputtering poses thé problem of low prgductlvn%/. 00091
MEHRETD &t e WP EBGE10 43 3FEREHisE BSes niddi e R Geftty the

200 preing ogeidvetforee whichHmsPsoided-the R5vWdeesg ot prbbieray and
sRndsdlselfio ypass-sgaleduogyctinn. tWhen ssiptered federBdanggnet
O ! Eé?@g%tsﬁerega'\id'%a%n agrrkeés?"%ﬂ%Qe%‘ggﬂgéh%§f65388§ o
~a’powderon its Lurface; the powder comgrising one or more o B
ipRicras Rl ididezo aht e okpfiRides taneieis ehek R R1adb RAFFIFice
oPhedidneieciemerntis selpsterbliomsamppg iaereasthcelenienys riagtisive of
snﬁéha@%%%)’ &2 B—ugﬁ Rg“a%%”tﬁ' dJpdhe-RQWdg" {5.3psyLetil e gnet has
magnet body, whereby coercive force Is increased while s%rll%ﬂcantly

a shpprRsingreaddife GurdRsfeide Parfibfidry ®heA RIMGoMAEBLRALS

soayfleoridenissize, a larger amount of Dy or Thb is available.
However, the application of metal coating by sputtering poses
the problem of low productivity.

[0009]

Patent Document 3: WO 2006/043348A1 discloses means
for efficiently improving coercive force which has solved the
foregoing problems and lends itself to mass-~scale production.
When a sintered R'-Fe-B magnet body, typically sintered
Nd-Fe-B magnet body is heated in the presence of a powder on
its surface, the powder comprising one or more of R* oxides,
R’ fluorides, and R° oxyfluorides (wherein each of R' to R* is
one or more elements selected from among rare earth elements
inclusive of Y and Sc), R®’, R’ or R' contained in the powder
is absorbed in the magnet body, whereby coercive force is
increased while significantly suppressing a decline of
remanence. Particularly when R® fluoride or R* oxyfluoride is
used, R® or R® is efficiently absorbed in the magnet body
along with fluorine, resulting in a sintered magnet having a

high remanence and a high coercive force. In Patent Document
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35 used, R3 or R4 is efficiently absorbed in the magnet body along with
fluorine, resulting in a sintered magnet having a high remanence and a
high coercive force. In Patent Document -4 3, since absorption treatment
is carried out on the magnet surface, the magnet body to be treated is
prepared by machining a sintered magnet block to a predetermined

3 sHEHRCeTHPHRTENsI JiRe ST etdds e Hot pShitulity B imitagnet
sulifapatentHescsibgse tTheodmotnt bEREFR8rR absprivarhinesl they

mdBAIRSLRPdY from £he paWHEEAEROSIRSLRN e MagnaisuHage R8d shape.

comprising at least one of R2 oxide, R3 fluoride and R4 oxyfluoride
ThfcRLBER L WS sBgciﬁ(}f‘esd}]%%%ea?eg%#heaﬁ%g%git b&Gy ?és]]gflg%?%g,
Lithd izé. 10 TherephissialfesFaiins reasBhetRwaghetBody AnBludds R’
ads@aNauSide hawngagimensinnofupio 10 mivwasfemity sptedlon
e AR SNOE RIPISIAb P O b3 £side haying L dieneiopflae,
up to IO mm, preterably up to m, and more preferably up to 2 mm in

RihBldrsetiBh ornd Maghelic ArRBIERy INGEEHETs aBR), TiedRGEIqf
sﬁh&dﬁagaﬂ&amﬁqt’t@mj d\l&i@mm isafpytoilsmhat gdis, inferels, abberptidae
t %%é@%ﬁﬁ]%v%r&&'@& regian ofidhe magnet hody: a Exagile. amagnet
~body which has been machjned to the final shape is subjected to
1ngEEARBNAr SRR $HE 20 RRefit %Hﬁﬁgﬁﬁo?é’ry%aaﬂng? 100 mm,
phefweveh tiye upea;csuscepuible o demaumetizatfrriglolly apokor?6f mm, and
a n&@@%%\i@ﬁ%ﬁﬁl%ﬁﬁﬁhﬁ@imgh&PQ@V%fpr@% pﬂﬂiﬁrﬂi@b&@ﬂaly up to 5
necessarily account for ajor region of a magnet body. Finishing t
Mo ARSH éﬁ%ﬁ% rﬁggl'%se %%lsl';n é‘ﬁpm%%neat Bodies" 2%%% %(Eg R féd?g
maixied lise a3 troioblzm thipgie PrsdeasaMlclendilie bt RRREASEY dife The
ndQAEIGUy 0 1 Bendliogy (0016} Aniexampledp takenonliustratehat thetends
2RL23:30 SURCARIDI {0 ARmAguetzationdn e REYBANGH MAGNSHIGIALY voay.
AYAcHing 18 localized rather than the entirety of magnet. In AC servo

IinGtsAMRdreexatn e 9a periafdntiidghetidtarpeen machined to the

final shape is subjected to absorption treatment. In the
permanent magnet rotary machine, however, the area
susceptible to demagnetization is only a portion of magnet,
suggesting that the high coercive force portion need not
necessarily account for the major region of a magnet body.
Finishing to the final shape means that small magnet bodies
are to be handled, giving rise to the problem that the
process efficiency is not increased due to difficulty of
handling.

{0010]

An example is taken to illustrate that the area
susceptible to demagnetization in the permanent magnet rotary
machine is localized rather than the entirety of magnet. 1In
AC servo moitors, for example, a permanent magnet rotary
machine with a radial air gap as illustrated in FIG. 4 is
used. This permanent magnet rotary machine comprises a rotor
3 including a rotor core 1 and permanent magnet segments 2
attached to the surface of the core, and a stator 13

surrounding the rotor 3 to define a gap therebetween and
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machine with a radial air gap as illustrated in FIG. 4 is used. This

permanent magnet rotary machine comprises a rotor 35 3 including a rotor

core 1 and permanent magnet segments 2 attached to the surface of the

core, and a stator 13 surrounding the rotor 3 to define a gap

therebetween and -5 including a stator core 11 having a pluralg of slots
inmHIgng12 wWokmEONn @RHE A thEPeiManenthhigrddrbtarg tmathike and
cdliustrated woldfal dothe: Baniber afpetmanpetrmageet: pakess six-(6) athe
ndWAEL of 196D BineOl, R e 3 anpicasaaiAled W N RRIRRARN agnet

magnet segment indicates a direction of magnetization thereof. With
P?é&érdlt% tfid*Xperfhane hE fndyfER GBgffente iy efic b itdtbhrisand. the
aeflecteth fva patald widgneticielthen ¢ndt ardigastions¥@aspt indicates a
afnagnetization isRryalieltodhe sentalaxdis¢f theynaganel il sagrmentide

coils are ywound ontteeth as a concentrated . windin and connected Ililg
PEHRBERON BAfRS pﬁgs%s %FSV and A f)chases %e soll& eitcle of A col
injeponarthal the Bewneiding Hireddors s fORAArdeattL iR &85INg {XFBF Y
n&GH He0gtesibat the gilrdindiy diceaiion izbackeraml1b wWith respesbigne t

sameiape O%ﬁlaeper 19Q11].1n A% 38R0 rr?]%oé%éﬂdéémgarc@ﬁ%@éﬁtrated

qumng high “precision torque control, the torque must have less ripples
wiREbRANGH tit ROMRREHRE thet WhERIREHEHRENGT nidings PBaseRe, U V
alde dligmmentsaf statos slatd wdddhegesmafent meadgneissaises cogginghe

c&rﬂu\% B&fxgloaﬂ@cte Jatiatigns of the magneticflux digtibution @szrp%f a

the gap (i.e., torque without current flowing across the coil) or tqr

b AAOBr Wi e By UALAOIANg LEFSLRB cof. PREBgas

wi&ﬂue&m@x@x@@et@ﬁembntrell@kﬁlmyaamtaddltlonally, cause noise.

[ dfeicpgyging torque may be reduced by configuring a permanent magnet
segme tto Cross- sectlonal shap that tapers from the center towar
transvegrse e%nds ES §110wn ia=les % \ﬁljtﬁ‘jfﬁ'ls conf%ura?on e 8 high

P pofionienB e parfafemtnadnet Sy niemAMsicRs & rﬁé@f@tué%?e rlP?MS

ASWHERingly, it is undesired that when the permanent magnets

Fted

rotate, the alignment of stator slots and the permanent
magnets causes cogging torque to develop due to variations of
the magnetic flux distribution across the gap {i.e., torque
without current flowing across the coil) or torgue ripples fo
occur when driven by current flowing across the coil. The
torgue ripples exacerbate controllability and additionally,
cause noise. The cogging torque may be reduced by

configuring a permanent magnet segment to a cross-sectional

. shape that tapers from the center toward transverse ends as

shown in FIG. 4. With this configuration, the end portion of
a permanent magnet segment which is a magnetic pole switch
area developing a noticeable variation of magnetic flux
distribution produces a smoothened magnetic flux
distribution, reducing the cogging torgque,
[o0012]

When electric current flows across coils, magnetic
fields are developed in the directions of broad arrows

depicted in the stator core region, so that the rotor is
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area developing a noticeable variation of magnetic flux distribution

produces a smoothened magnetic flux distribution, reducing the cogging

torque. [0012] 35 When electric current flows across coils, magnetic

fields are developed in the directions of broad arrows depicted in the

stator core region, so that the rotor is -6 rotated counterclockwise. At this
T YRS In HHEEE T O BRI SRent fhaght BeiRaRtin RE r&% n§dfidchion 2
peanchtt areainef Gregmeirta Shualon seduebiibe 8idenhinstidaioplrcled
alegayge ﬁhgr.na}g;;]eﬁ.ig field ig iy appPOSite M@%@ﬂﬁ&@&_o _

magnetization of t ermanent.magnet_segment, agnetization .
d%“&‘@l& eno%%ﬁ%lr% u%’eltJa ﬁ1aeu5r?v?kt1§ eto%&%, %%Isr%oléal\fg]rié% tgL ﬁhé\é %ro%lljgrgsue
digfasdréased TogamgBE AL dde td it uhBfePRIEEARRE Fieltedbet
s€hATtON bEwh SATENE RQEUMBNT [RO13]dRatentrBaatmenhe: dR=Bring
cgiiid SR APnLDaguDen! 04 Hie Zrafh B et Hacunesh3

2006/043348A1 NON-PATENT DOCUMENT [0014] Non-Patent

cqsstiRtertol RiD. BiFstand PERIGEMMEY SPHEA B LG EREWEFIELD

OF SINTERED AND MELT-SPUN NdFeB MAGNETS," Journal of

Magnetism and Magnetic Matefiglsz 880l 987 %763-75 Non-Patent

Document 2: 25 K. T. Park, K. Hiraga and M. Sagawa, "Effect of

Metal-@égﬁill\]grr ah§ Cé’&%%%utive Heat Treatment on Coercivity of Thin
[ NULBé-B Sintered Magnets," Proceedings of the Sixteen

Patent Document 1: JP-B H05-31807
Patent Document 2: JP-A H05-21218
Patent Document 3: WO 2006/043348A1

NON-PATENT DOCUMENT
[0014]

Non-Patent Document 1:
K. D. Durst and H. Kronmuller, "THE
COERCIVE FIELD OF SINTERED AND
MELT-SPUN NdFeB MAGNETS," Journal of
Magnetism and Magnetic Materials, 68
(1987), &3-75

Non-Patent Document 2:
K. T. Park, XK. Hiraga and M. Sagawa,
"Effect of Metal-Coating and
Congecutive Heat Treatment on
Coercivity of Thin Nd-Fe-B Sintered
Magnets, " Proceedings of the Sixteen
International Workshop on Rare-Earth
Magnets and Their Applications,
Sendai, p.257 (2000)

Non-Patent Document 3:
K. Machida, H. Kawasaki, S. Suzuki,
M. Itc and T. Horikawa, "Grain
Boundary Tailoring of Nd-Fe-B

Sintered Magnets and Their Magnetic
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30 International Workshop on Rare-Earth Magnets and Their

Applications, Sendai, p.257 (2000) Non-Patent Document 3: K. Machida,

H. Kawasaki, S. Suzuki, 35 M. Ito and T. Horikawa, "Grain Boundary

Tailoring of Nd-Fe-B Sintered Magnets and Their Magnetic -7 Properties,”
Proceedings of the 2004 Spring Meeting of the Powder & Powder

Metallurgy Society, p.202 5 SUWW%F@NV‘EI@?@@%@EE% Foe 2004
BE SOLVED BY THE INVENTIG {004 54AR objert of thehiaveeticier &

which addresses the prior art prepiegas-discyssed 2Ry es sx10pvide 302
sintered Nd io base magnet which includes a

demagnetization-susceptible region having a high coercive force and has

{ ;eighiet us_ed _in a permanent magnet rotary machine inc’ludes a

gemagtﬁﬁtzc%?g%'@@%pﬁ@@ _@Qi@é‘n‘&’hj@% i,is ipcalized di2Q woull B e prior
esirable if the demagnetization-suscenptible region _af the permanent

AR PLEH T S RANGNGR: AHGREE rotiryE P e Sy = N

baserohaforte YOO EH TecivEsdrs hdordsirtthag by proidingeptible

réggi%r@dh85ﬂf§bése1ﬂ‘g’wn@b@b@K\(&J”f&ﬂ?déa@ﬁalﬂhmagﬂgb typicalyctivity
Nd2Fel4B, system) having flicientthickpess i izati

SQirec E|ic};'ln : Jé?fejéﬁngs %ﬁ%%%nﬁ%%c%%% oL}JlIlI?))(/;é( gr ﬁr%%%ﬂﬂ%ﬁ%& ggﬁgggs

maeiHeRBgnePBlogk BREhamgt e BHERASIIS pERGIcERFfo the

magnetization direction,
MEANS FOR SQOLVING THE PROBLEMS

[0016]
_ As described above, the permanent magnet used in a
permanent magnet rotary machine includes a
demagnetization-susceptible region which ig localized. It
would be desirable if the demagnetization-susceptible region
of the permanent magnet used in a permanent magnet rotary
machine is improved in coercive force.
[0017]

The inventors have found that by providing a sintered
Nd base magnet block (sintered rare earth magnet, typically

Nd,Fe.,B system) having a sufficient thickness in a

or Tb inward from the surfaces of the magnet block excluding
the surfaces perpendicular to the magnetization direction,
thereby producing the magnet block in which the coercive
force near the surfaces is higher than in the interior, and
cutting the magnet block in a direction perpendicular to the
magnetization direction by means of a cutter blade, wire saw
or the like, a plurality of magnet segments of predetermined
size can be manufactured from one magnet block; that when the
magnet block subject to diffusion treatment is preferably

dimensioned to a maximum dimension in a direction
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30 thereby producing the magnet block in which the coercive force near
the surfaces is higher than in the interior, and cutting the magnet block in
a direction perpendicular to the magnetization direction by means of a
cutter blade, wire saw or the like, a plurality of magnet segments of
predetermined 35 size can be manufactured from one magnet block; that

PVIRAPRECHERF o BloERSUBRED ST iR Ebr it ment ioprefdrffe diffusion

réiﬂ'ﬁ&ﬁsiane_ﬁft@g mgximmdknmsidmhea diréctign ®pépendiculanaye

e magnetzation direagiop(wheye diffusiah feaGionaf Ry ebTREKES mm, and

place) of up 1o 100 mm, mqre referablﬁ/%up to 50 ;um, even more

2 PERSHBRP L8 T it ahdoa TASIRLM ey ir the S g etz =

d ot wherestdiffusidnesactivh de&enotliake plak) af atRast3g0 mm,

mg}ée, ﬁifgﬁaqfats:@blwtim@o@%?wﬁabsamalﬂgwnenwm@mrwitn Dy
an be effected on the magnet.block of su rge, si e .

oErgcﬁg ﬁ"&?t cg?hg %%cceg%ﬂ{z ?r?]l p?%%%dfnﬁ)%ﬁg]tc?giﬁg{méﬁ nt%ﬁgglrop\%%%gea S

whipraed Nd:pasdrrutepahd of pFsarBHOT fRethdd ad HRHRYS Below.
[ 6taigyl: A method for preparing a sintered Nd base magnet comprising

the stepg, of: i3, BQvid %ﬁ%@&%Qda{)W@%g RiackBavingagnet and a

g
surfaces and a magnetiz direction, coating the surfaces of the
PRIRMEFHER SRE] e defdoefeRfehaitular to the magnetization
Ccdueation:with a Dy or Tb oxide powder, a Dy or Tb fluoride powder, or a

Dy or 20 Thaentaining alloypowdey, teatingibesoatrd blask ahadriah

temperature for cau?em Dy or Tb to diffuse into the block, and cutting the
CBIBRE 7 A Hard fefberifuiar to the magnetization direction into a

magnetsagmahirimvinga B E66rc@ forced Babutisn DRARE IR¥&etbn
sthat the £ograve feragirhighat the patipbery and,lower toward the

inside agga%g%%St%ﬂtec%%%ii\:lgé%@eod:jstgggti%g}x@? block excluding the
surface perpendicular to the magnetization direction with a
Dy or Tb oxide powder, a Dy or Tb fluoride powder, or a Dy or
Tb-~containing alloy powder,

treating the coated block at a high temperature for
causing Dy or Tb to diffuse intc the block, and

cutting the block in a plane perpendicular to the
magnetization direction into a magnet segment having a
coercive force distribution on the cut section that the
coercive force is high at the periphery and lower toward the
inside and a constant coercive force distribution in the
magnetization direction.

Claim 2:

A method for preparing a sintered Nd base magnet
according to claim 1, further comprising the step of
machining the magnet segment on its surface perpendicular to
the magnetization direction into a C or D shape.

Claim 3:

A method for preparing a sintered Nd base magnet

according to claim 1 or 2 wherein the magnet block has a

maximum dimension of up to 100 mm in a Dy oxr Tb-diffusing
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magnetization direction. Claim 2: 30 A method for preparing a sintered Nd
base magnet according to claim 1, further comprising the step of
machining the magnet segment on its surface perpendicular to the
magnetization direction into a C or D shape. Claim 3: 3s A method for
preparing a sintered Nd base magnet according to claim 1 or 2 wherein
diefiatpRt BRERIRA I HaImMtMm SRfefaeR8fiF s 100 iR aDyerand a
mdRidiffusingndrdirectionperperdicalar imthenmapsetizativaidirestianand
a&-aximym length of at least 30 mm in the magnetization direction.
Claim 4: 5 A sintered Nd base magnet segment obtained by the method
CHf&Mirfk 1, having a coercive force distribution on the cut section that the
coercivk feroetisirgh Htlthea periplagnyeen cclogres tdwartthénesidéandte
m%?ﬂ%?&%o%%yﬁgf%gebﬁﬁﬁ@&'%t'@&@%é&@ﬂf‘ef@%w g!{%@ﬁ}zﬁﬂlorﬁ on
aim 5: A sintere ase magnet segment according {o.claim ic
SR T R R K e R TR
pénéphERY oapevGiaint ewas A dinterdd Ndlsashagnebsegimaitt coercive
£ 386 diNO:to Gl 40r 3 Mhislkisniagdeas permanent Mmagnet dha
. er.margre_nt magnet rotary machine. ADVANTAGEOUS EFFECTS OF
EntioN 20 [0019] According to the invention, the sintered Nd base
magnefisFieE 68 delithsrRnafEiRE, ASIRHGh E66RELRsIcdo claim 4
whspecially alsibradgesdhercof andrifaumsuseepidle itowbmagnetizheon
mEYE 24 biopilemnelaie. i magpekis2hsuileddpryse in permanent

magnet rotary machines. BRIEF DESCRIPTION OF DRAWINGS
Claim 6:

A sintered Nd base magnet segment according to claim 4
or 5 which is used as permanent magnet in a permanent magnet

rotary machine.

ADVANTAGEQOUS EFFECTS OF INVENTION

[0019]

According to the invention, the sintered Nd base
magnet is free of a decline of remanence, has a high coercive
force, especially at the edges thereof, and is unsusceptible
to demagnetization even at high temperature. The magnet is

suited for use in permanent magnet rotary machines.

BRIEF DESCRIPTION OF DRAWINGS

[6020]

FIG. 1 is a perspective view of a magnet block in one
embodiment of the invention, FIG. 1A showing the block during
diffusion treatment, and FIG. 1B showing the block being cut.

FIG. 2 illustrates the coercive force distribution of
the magnet segment in one embodiment of the invention, FIG.
2A being a cross section taken pexrpendicular to the
magnetization direction, and FIG. 2B being a cross section

taken at the center in the magnetization direction.

10~
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[0020] FIG. 1 is a perspective view of a magnet block in one 30
embodiment of the invention, FIG. 1A showing the block during diffusion
treatment, and FIG. 1B showing the block being cut. FIG. 2 illustrates the
coercive force distribution of the magnet segment in one embodiment of
the invention, FIG. 2A being a cross section taken perpendicular to the 35
magnefizStior? ditdAtTt BRAEFHGE R FAAE S GosT'88th TadRCAthd™
diceftaran themaghbtization difedtion. i1 &R D illusFates thé shhpw g a
rJRRGNRLSegMment i, differest emwogimentsof theinveatian. Rk 3fre. 3c
showing a rectangular shape, FIG. 3B showing a D shape, and FIG. 3C
shewgiisg & Cs 5‘;%.65' FIG. 4 is a cross-sectional view of one exemplary 6
pole, 9FSI6t; sdrface-McUrNSs peARaAOMhagienobr OFfGes g lary 6
pdiass-sedinngl visuralane axemplady faateatesiet, irigrerpeimanent
magn tor. FIG. 6 is a cross-sectional yview. of her_exe
o6, a0 SErTas o ER pe Rt e SR SRR AR «
PGE EMBODINENIS fIoRaf AResrfis o tHBAAPEHi IO B®¥ntered Nd base
magner b, isgrepgareddno providiag Aciaibred Nd baseanaghetblectemplary
6 NGYINg swfaces and.a magnetizalion diseqlion, caaling e, surages ghthe
magnet block excluding the surfaces perpendicular to the magnetization
direction with a Dy or Tb oxide powder, a Dy or Tb fluoride powder, or a
Dy or 20 Th-containin@®@8ESRp&TASN (refatiByHuD ctEddDlock at a high
[ ¢@pperature for causing Dy or Tb to diffuse into the block, and cutting the
block in a plane perpendjcular to the magnetization directjon intg a
magnef‘géér_ﬁréﬁa?a\ﬁﬁg g‘%oé‘r%‘i(/eenf%%geg disﬁibsuﬁgﬁ%rnet e%:%t %géq’tleonmagnet
i shatthe 25asbebdiv® fored 44 g heatthe brFpAe N itPRWRIGREld theock
haRsigeyand Breanstantc@ercive pree disitthuiondnthe thagnetizaiionng the

sgli.lgg%%ns' Tor? r@ﬁglt?ﬂrgg%%t@r%q.gglp%sfcluding the surfaces

perpendicular to the magnetization direction with a Dy or Tb

oxide powder, a Dy or Tbh fluoride powder, or a Dy or
Th~containing alloy powder, treating the coated block at a
high temperature for causing Dy or Tb to diffuse into the
block, and cutting the block in a plane perpendicular to the
magnetization direction into a magnet segment having a
coercive force distribution on the cut section that the
coercive force is high at the periphery and lower toward the
inside and a constant coercive force distribution in the
magnetization direction. The resultant sintered Nd base
magnet segment is free of a decline of remanence, has a high
coercive force, especially at the edges thereof, and is
unsusceptible to demagnetization even at high temperature.
The magnet segment is suited for use in permanent magnet
rotary machines.
[0022]

The magnet alloy composition of the sintered Nd base
magnet block subject to diffusion treatment with Dy or Tb may
be any well-known magnet alloy composition, specifically

consisting essentially of 10 to 15 atom% of Nd, Pr or Dy, 3
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magnet segment is free of a decline of remanence, has a high coercive
force, especially at the edges thereof, and is 30 unsusceptible to
demagnetization even at high temperature. The magnet segment is
suited for use in permanent magnet rotary machines. [0022] The magnet
alloy composition of the sintered Nd base 35 magnet block subject to

EogiffaisiBi BEREN RNt By & 5 sy BEURT \IeiI-Rifov fflgridt uGy- ement
s edlopayiesitidi; speédificalfu cobsistifig esSéntidily of 10%d 15Vatofve AfiNd, N1,
GaP,lr @reDy,ﬁ],llmﬁ@d#%mAnlﬂ’"%ofpﬁg ,anfctag_ t@’p% a;;mg/"/@é@f, atjgastone m(z}, with
element selected from Al, Cu, Zn, | , Ti r, Mn, Ni, Ga, Ge,
KL Do R e Srt S i SR T e BN a0 Fe
whaest SRRGAE0TOF Fe. IOFsctigredf Ke 8 4amich fhgt? fRdritifoeaal®
reioade 0 49 atmn% may be replaced by Co. Such a sintered Nd base

magnes plackmay bedugRaied RYADIELKIOUI Mehgds, 18029484 eq

For absorption treatment with Dy or Tb, a method using sputteredfilm-as
DY) SRYIb¥EE - NOR ¥ ateREBBEGMent 3, and a method of coating the
[ anagriet surface with a Dy or Tb oxide powder, Dy or Tb fluoride powder,

or Dy @iokb-garigining 4lloy.Ravder, and hegting,athighemperalute ior, g i ng
diffusion is as described in Patent. Document 3 may be egﬁlcé{?ed. These

SBHEHDEE Grd SRR AGRERRRMY e dRPcivETSHEE oP T hehr tRES @
nesihrfz@eaiittees bloss dhemamce. Wirdiadee Wastiting Piagast Blusedide
pdﬂ%erﬁta(;wnw%q% t?@ﬁ@@fﬁégg@%a%a e&eqﬁ%d gk%%e%a&aﬂmﬁ@@it(

n roauce a | ower. sintere ase magnet CK,
e 2 R I BR SIRREe R e I DR o
agN@ BaSE irfhel BIOCR GeherdRCHEiERd Rt 18D i§8hapEd- &Y 28 -hatéase
maBAxayna dinenisien:t1wnang dimaensiensyl and ledeacive force of

magnet near the surface without a loss of remanence. When
the resulting magnet is used in a rotary machine, the rotary
machine is expected to be resistant to heat and produce a
high power.

[0024]

The sintered Nd base magnet block used herein is
preferably of rectangular box shape. In FIG. 1, the sintered
Nd base magnet block generally depicted at 100 is shaped to
have a maximum dimension L, among dimensions L, and L, in a
direction perpendicular to the magnetization direction where
Dy or Th diffuses which is up to 100 mm, preferably up to 50
mm, and more preferably up to 20 mm, and a maximum length L,
in the magnetization direction where diffusion reaction does
not take place which is at least 30 mm, preferably at least
100 mm. Dy or Th is diffused inward of the sintered Nd base
magnet block from the surfaces S5, excluding the surfaces 5,
perpendicular to the magnetization direction and mainly via
grain boundaries, thereby improving the coercive force of the
maghet block near the surfaces. In FIG. 1, Dy or Tbh is
diffused intoc all the surfaces S8, excluding the surfaces 5,

perpendicular to the magnetization direction. The dimension
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direction perpendicular to the magnetization direction where Dy or Tb
diffuses which is up to 100 mm, preferably up to 50 mm, and more
preferably up to 20 mm, and a maximum length L, in the magnetization
direction where diffusion reaction does 30 not take place which is at least
30 mm, preferably at least 100 mm. Dy or Tb is diffused inward of the ,
Ingitefdd Rt RERRE Sictk!fom the ShRaBEPBCLIGAGMGnE trection
i ssrfacesi$ b perpehdiceiss to themmagnedizaore dipestideraid aitly Vieast 3
nnlrairhoUAdalAS, thereby dmpriag heeaeisive forceafdhe 89 pagiirably
block near the surfages. In FIG. 1feD§/ %rlTb is di&‘fus%&nto all tpg ¢
AR, fitach % MWl kY MRS RERE S P Hefp el ar o thE ag etz ation -
uplirsctibhnE e dimasdios =i piigaldirection perpendicular to the
[ opagnetization direction is preferably at least 1 mm, and more preferably

at least.3_ mm. The length in th tizatign djrection, is.prefer.

to 2003{1 r%r%, Ig% IFr?gcreeb pg}éfej?a_% l?pg%g%é(z)%% %gg gr%%?‘ g’r ué éﬁr%%#?s OF
D¥heritiBalco025] The nagiet o&?isacd%ﬁ’éﬂin%%e?éiné”é Jerlgty in
wadpor db axidesaigiiroriceseria powdenohDy or dthaioyin welker gyigpersion

1 LgARIcROlVenE sueh as gthanaly Lhe dispersian 10ds sprayedeonogirit (@ 10ck
the selected area of the magnet block to form a‘PartlaI coating, .

O RSHRFE AF FRknGARPERS -fifs K SERPEAS W codt MESRg fape o

£ ipostidis (ledttone hsutfacesdn dve magmetizaticradive aieon ¥ dbthe(haghiem

sd%%g&%?ﬁ@ﬂN%ﬁgt%%gﬁﬁ%ﬁ%@%&3%§@ﬂ%@ﬁﬂﬂé@%dE@eBﬁgﬂﬁég?et glock,

ereby a co of the oxide, fluoride or.alloy is formed on.the selecte
atréa of lec(frﬁgtgﬂgt %%E.G[Bg%fﬂﬁe% ﬁ1edéL |%§ is ?or%nq%%,ﬁﬁlesﬁl%ﬂ?}%?n
wisisEelb Regr@fonabsdrptive teslfient Al @R aftife dF B9PCHS Fgrmed

orfhesintedng teregerattse of the magneifers3tharcands to 100 hours,
fbejrably 1 minute to 8 hours. This is preferably followed by aging

treatment at a temperature of 200C to the sintering temperature for 1
minuteédbterhdde. coating is formed, the magnet block is

heated for absorption treatment at a temperature of 350°C to
the sintering temperature of the magnet for 30 seconds to 100
hours, preferably 1 minute to 8 hours. This is preferably
followed by aging treatment at a temperature of 200°C to the
sintering temperature for 1 minute to 10 hours.
[0027]

The magnet block 100 thus treated is cutoff machined
by means of a cutter blade, wire saw or the like in a
direction perpendicular to the magnetization direction, as
shown in FIG. 1B, into a plurality of magnet segments 100a
which may be stacked one on top of the other and which have a
dimension in the magnetization direction of 1 mm toc 20 mm,
that is suited as the magnet for use in motors and power
generators. Since the large size magnet block is subjected
to diffusion/absorption treatment with Dy or Tb, the
throughput of the process is improved. The magnet segment
obtained bv the process has a coercive force distribution as
outlined in FIG. 2. The coercive force is increased near the
magnet surfaces.
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[0027] 25 The magnet block 100 thus treated is cutoff machined by

means of a cutter blade, wire saw or the like in a direction perpendicular

to the magnetization direction, as shown in FIG. 1B, into a plurality of

magnet segments 100a which may be stacked one on top of the other

and which have a 30 dimension in the magnetization direction of 1 mm to
[0 fhbn, that is suited as the magnet for use in motors and power

generdtdfs. Slacesthewarge sizerwdgretiyionkas@ubjecidditdon on surface
51di6e§ig@4§@§e{ﬁ@%t§ﬁtm§@t wgtar@»t QEa;’QéiébﬁthEQ@,@g:‘?Llﬁ]&f thgi ffusion

rocess is improved. The magnet segmen aine e_process

ERRTTRBE e ord diiblRoRss Bhel S FIGTSrRe coare tolases S2
exsInstéaseFvedapesmalnet Bhffagus £aggodig)imicledeshovpgripheral

reapeseive forge digfriputionngr-sudacecsiparpendistige tasth® a central

agnetizafi irectjon, Diffusi ment with. Dy or Tb be
re?ejigol}m% 6%? %1% §ur%ac%eoseg§ %@egxc{ﬁ%% s%%gl]égs éﬁ#’he gér?dceggl shows &
CHRAHJES At phEfatefagfn PIHaVT AR TMPFbVERTIRRGRE forE8 BhE™
diosstrial gagion C having a coercive force unchanged. FIG. 2B shows a

[ (3939 section taken at the center in the magnetization direction. 10 [0029]
FIG. 4 shows a surface-mounted magnet rotala/ machine, illustrating that

the maghet uée&lﬁ?é’féin%né‘l‘ﬂﬁgé‘%%‘&ﬂ%%% 2B ETsceplibietre fpine.
1 lhish alotatizédharid Ybeatwd great thie sdrfadesrgdralléinto tigies a
adnagnelizesion 15rditactionp Thisis alsayiiue iNaR BREHe MagRalIptalY and
14paghige as shownin FlG. 8.I.FIG. 5. e Jolop Naaa fourpole stiyciyre

comprising a rotor yoﬁe ]ij(:) o??am?naﬁe& magnetic steel sheets and
diggmiahent magHet se§meht2 tembetiiedtheriFe TheBtaoPRGS arotary
meEh 510 skECikieeh20 larrnateds magneticisteel ssheetss Withtaeohiz a

£SPPCERY A WaRAd on SARDIEE Y d NS I SPIRe 10 of laminated
magnetic steel sheets and permanent magnet segments 2
embedded therein. The stator has a six-slot structure of
laminated magnetic steel sheets, with a coil 12
concentratedly wound on each teeth. The coil 12 is of a
three-phase Y-connection of U, V and W phases. In FIG. 5,
the symbols "+" and "-" attached to U, V and W indicate
winding directions of coils, with "+" indicating a direction
emerging from the plane of sheet and "-" indicating an
entering direction. While the rotor and stator are
positioned as shown in FIG. 5, an alternating current of
cosine wave flows as the U phase, an alternating current
having a 120° lead phase relative to the U phase flows as the
V phase, and an alternating current having a 240° lead phase
relative to the U phase flows as the W phase. Then the rotor
rotates counterclockwise by the interaction between the
magnetic flux of permanent magnets and the magnetic filux of
coils. In FIG. 5, a stator yoke 14 is depicted.
10030]

The permanent magnet segment for use in the permanent

magnet rotary machine has a cross-sectional shape which is

~14-~
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three-phase Y-connection of U, V and W phases. In FIG. 5, the symbols
"+" and "-" attached to U, V and W indicate winding directions of coils,
with "+" indicating a direction 25 emerging from the plane of sheet and "-"
indicating an entering direction. While the rotor and stator are positioned
as shown in FIG. 5, an alternatin% current of cosjne wave ﬂ;?‘i‘_’é as

euv . .
S Rt R AP R hAT%ING RS0 REASPREEE rdfatveto t%tg L‘flﬂmh 18
egshasedfiows ks the 80nwpkase, dhdshariteArtiplgwmrekr Vg 3B40and an
aﬂea@i@fﬁsgh@@tliv%wgﬂeﬁ#hrrJ]IﬂQS@ﬂgwsaaﬁéthﬁﬁﬁlcphﬁ@ﬁeTBnmﬁ_hglaot@t the
otates counterclockwise the interaction petween.the netic X
oo MaghorE SR8 (0 e, o T ERL (B S e fomm o
refikeingiscossiéed. 5970030 ThesHoREShttFadiRiEegnicRBdegsdn the
rdndhe peyvRnast, magretdotaryaadkine slaspecioag-Sectiasalchaper

obv)égig é%l -%aé Sgllﬁg%%%g’ OH]:%IK%&%EQH‘% SgﬂEe @écﬁ!?c\f\f’p IE]OF I&n%é extent

which is edsy to work, a convex of D shape as shown in FIG, 3B, and an |
Eofic B EhAPG as sHTirPEIS, SEARRichEFe MRinAB AR g BFR 11109
titbe purfesedbgmodthingintaged voltagpavavefempen8teddeing to the

nSPUGING10F9 U fof SHPRTassING trgueripniRssNthe otanydnaching. ignet
rectangular shape may be as cut or obta edhté)étf?ur hergrlngggrtgev%tf roe
SQILRBT (HeGHEdent 1S %got(ﬁ?ﬁg% e Co e Gbtaing

as “a
shape may
dytmabhibim thd sgHads(skeptheemagnbl sddiviensapetdiRulrad thée
aid-ragnetizationedireationintodbgdasiregeshaper dbe snagratesegivetbercive

machined into the desired shape has a coergive istribution which. i
QT edort iy SRR an e o (R Bhion SHETo 3 bechac A et
segiffaEs Rifere thOes6t R FOREYs INGEaSsEareREIMERRINBETFRSER,
ethenmgnet dérsegneantthasta eosoive: foree inoseaskidreedrithe sunkaces

a&xiending parallel to; the;magnetization dirsetion where, demagortizaliothet

IS likely to occur in the permanent magnet rotary machine. In particular,

TohaGTerRgMdH s of 7 0P bhEPd are tAAAEE bt BAFES RS e8foMiRg t&

sheae tkersutfadesned at edges corresponding to near the surfaces
extending parallel to the magnetization direction, and the
thin edge portions are susceptible to demagnetization due to
intensified demagnetizing field. If the coercive force of
these portions is increased, then demagnetization resistance
is improved. Thus the magnet segments are effective
particularly when D or C shaped.

EXAMPLE
f0031]
Examples are given below for illustrating some
embodiments of the invention although the scope of the

invention is not limited thereby.

f0032]

Examples 1 and 2 and Comparative Example 1

Magnetic properties of Examples and Comparative Example

A thin plate of alloy was prepared by a so-called

strip casting technique, specifically by weighing
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20 extending parallel to the magnetization direction, and the thin edge

portions are susceptible to demagnetization due to intensified

demagnetizing field. If the coercive force of these portions is increased,

then demagnetization resistance is improved. Thus the magnet segments

are effective 25 particularly when D or. C shaped. EXAMPLE [0031] .
Predeh SR HIEGiERCPHRSR 1B8F illStrafify sbme?38 eﬂ?bd%‘?rﬁgr#t% 3}4%“9 a
punuéntionfalétoulatht 2B e of thee imbentionds herimiked @vereby. [0032]
ni%a@“ﬂ@:@axﬂeﬁd@qz Z@Qt(i'tg@pgfat&@l Eﬁﬂeaft%wf ” Cj@cﬁ@ﬂ&f&%fﬁg,

amples and Comparative mple A thin plate of.alloy was prepare

) S8 C L i p it TS hide, ApeaEally By Kash Aot o an
angederctmirahamountybeNge€B L ALBAd T At HaGRFRC Bty at3 - 5
atieast 989 by weighbard feirobpren a higiefraquercyshestiogin BN arganthe
b HIpSRnSEe (9L Msiling.s 2gd casing. e aloydpel on & opnesindle roll

In an 5 argon atmosphere. The resulting alloy was composed of 13.5

hydsaRedPad e estes A5mdh Al Ss 8 WomdF B akd S wiratnd
whof Fee anch sugesigrated Aoy arilloyB vidsi fiydrided ahd dhéryHedwdiat

pQ0G-H0s parlia] depydriding while evacHRNg;'Pa@CEHT, BY BiSarse powder

so-called hydriding 10 pulverization, the alloy was ulvirized into a coarse a
D GIRTEr2hAiAG 5288t S t6 S0Eh. AR ﬁ*épgﬁo wal préfared 5y ¢
byweighiplyipradpteediresicarhpadisasiiNg o, e, b, AThndFeu rigtalshl and
c&ha}mglgaa@uzﬂmfr@ I@é\%@%f/aﬂweiglat %I&éQrfngfoﬂyhiﬁ@ﬂlﬁﬂueﬂ@&

eating in an argon atmosphere for is melting,.and. casting. Th Iti

o e i DG o1 S e R 10 Moo T, 24 smot g exe For
mekdrhne B, Ao BETE atofivs Cif Shbithe Hatdn@VofES afgmPosed of 20

agiesignadied Atloy Bonldsimg a BrownkmilkirFnit®genathoBphdareaAtlog BA1, 2
atidn CBQ[S%BUWEQZ%%%ﬁégqu %toa%%%hdesignated Alloy B.
Using a Brown mill in a nitrogen atmosphere, Alloy B was
coarsely pulverized to a size of up to 30 mesh.

{0033]

Subseguently, Alloy A powder and Alloy B powder were
weighed in amounts of 90% and 10% by weight, respectively,
and mixed together for 30 minutes on a V blender which had
been purged with nitrogen. On a jet mill using high-pressure

nitrogen gas, the mixed powder was finely pulverized to a

weight cumulative median particle size of 4 pum. The
resulting fine powder was compacted in a nitrogen atmosphere
under a pressure of about 1 ton/cm’ while being oriented in a
magnetic field of 15 kOe. The green compact was then placed
in a sintering furnace in an argon atmosphere where it was

sintered at 1,060°C for 2 hours, obtaining a permanent magnet

block of 51 mm x 17 mm x 110 mm {(thickness in the magnetic
anisotropy direction). Using a diamond grinding wheel, the
permanent magnet block was machined on all the surfaces into
a parallelepiped magnet block as shown in FIG. 3. The magnet
block had dimensions: L=50 mm, W=16 mm and T=109 mm (T in

magnetic anisotropy direction). The machined magnet block
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20 [00331 Subsequently, Alloy A powder and Alloy B powder were

weighed in amounts of 90% and 10% by weight, respectively, and mixed

together for 30 minutes on a V blender which had been purged with

nitrogen. On a jet mill using high-pressure 25 nitrogen gas, the mixed

powder was finely pulverized tqQ a weight cumulative median particle size
Regrarte o st S bt e L
Statpwsplicrel uadega piddsuie bbabset] waeR2WATR Helfg dReAtderiRoTe

arfy agneticdigld, ok12 ken 4 hetgrgen compact was then placed 30 in a
[cférl{gring furnace in an argon atmosphere where it was sintered at 1,060C

0 ours, obtaining a permanent magnet block of 51 mm x 17 mm X

110 mme@ﬁek@é@%ﬂﬁQﬁé%gﬁbﬁer&ﬁ?goﬁéavaﬁe&wnw@éiﬁg% particle

s fiamged gripgdinguheela he-parmoneRidpagneldiogs was machinad an

all the surfaces into 35 a parallelepiped magnet block as shown in FIG. 3.
etianRAgRdt BIGKKIERICIFTARIRE L2B0 % WL 6 BT And e 1BedRm
blddk magneii anisosopfdicectiqry rPeadiachired rmagtbiebloelgnégization

aWvasgleanediwithan alkaline sQution.Pisklad anddriedr RS @ HIEBGw th
with deionized water were included before 'ﬁ)?d after e (:hEi ear}gn% ste

D.
u5E84 08 Next KD rES M T AL Hiing BHAVERSGS parichCSi7aos Putted
upnales irensdredltel ¥ickoirad) wasiked withrethditt at aRfeighcips
mé@@ﬂﬁ%@%ﬁ@%dﬁ%\%@@d@ambmmmg twa stHaeepoint, the
pendicular, to_the netization direction masked with t
LG Ry o0k A Vs T e e AREHES,

SWiHRER bRSERAPES BmSH SRESRI Wahediitely dierl WRISABEaP PRt
sStripsc asking Wedwostitaces rearememoved. Anthisrgoint, dhedillidigere at

o fster fdysprasiym fluoride.in the, el SUHaCERUOUREINGIPAC o one
was 45%. The magnet block was is subjected to absorption treatment in

Ry oG8R AtH gdt oHEERTr BndhANP e &Gy trimBRERET Plock
wBB80Ebr ane shataard peepelret. Wsiag atdiarhbadrcages the atagpet

d?f@%tion into segments having a thickness of 3.6 mm. Using
a diamond grinding wheel, the magnet segment was curvature
worked on its surface perpendicular to the magnetization
direction into a D shape. The final shape of magnet segment
as shown in FIG. 3 has L=50 mm, W=16 mm, an arc having a
radius of curvature of 12 mm, and a thickness T in the
magnetization direction of 3.5 mm. This magnet segment of D
shape is designated M1l. For comparison purposes, a magnet
segment Pl was prepared by carrying out only heat treatment
and similarly working into a D shape.

{0035]

A magnet block of the same shape as M1 and Pl prior to
machining was provided. Terbium fluoride having an average
particle size of 5 um was mixed with ethanol at a weight
fraction 50%, in which the magnet block having two surfaces
perpendicular to the magnetization direction masked with tape
was immersed for one minute with ultrasonic waves being
applied. The magnet block was pulled up and immediately

dried with hot air. The tape strips masking the two surfaces
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was cut in a plane perpendicular to the magnetization direction into

segments having a thickness of 3.6 mm. Using 20 a diamond grinding

wheel, the magnet segment was curvature worked on its surface

perpendicular to the magnetization direction into a D shape. The final

shape of magnet segment as shown in FIG. 3 has L=50 mm, W=16 mm,
weLeafcSiRNEGa rddiud Bt BuRRIME of T¥emint hhiPtHi@GERE 1oh theoztum
£ Imagneiézation directiayné 8. Ssmmf aldes snagnetsédmentplbeshegse i45% .
rriesignated M1 BekCqraRatsay;RWPoges @ RREneh SESMat&A¥@snt in an

repared b carr%ng out onla/ehea treatmenthand sn;gillarrly ;gorkin into a
29 WMafE OBBE 30 A maghet bldtRof HE sama shape s ?aﬁg%? Prior
tneapmehinirtwas prévided. Tadiune Hderi@éd Badingreh@sbragEn partiehs
foSiz_L%wteabrlw:/(aﬁmmﬁgvit&hathaa@mtragwgighiﬁraﬁti@nﬂ%, igswviich the

agnet block having twg surfaces perpendicular to m izatio
°% |raegc |%ﬁ%1aaskné%%%1£tasp%g§}f Iv%/%asc?rﬁrr?ergglg for 'onelyﬁrr%ﬂ rsmuet%ggv%%%t Yegment
15)1f§s0r98 Va%esPéing applied. The magnet block was pulled up and
{ dowmediately dried with hot air. The tape strips masking the two surfaces

-17 weyg cemaved. Atdhispojat the. tlling fagtaraf tabiuy fluaide indhe ag

magnet surfacé-surrounding space was 45%. The magnet block was
MEQHREE RY aBsorphsa frbAfnERTIR th BRGBICAMSele &F§05E YR 10
Tadneshdur, tRerrtonaging Giveatnvert at $00€fonorebolr, apdiguenshedles of
1 Tis ¥ies ollaweddecutting snd warkingas inrthe raga ot M pbRIRGies of
o 2gnetseament of D shape, This magnet seament 1s designaledM2. oy,

][ ?5% 1 e%agnetlc prope?t?eseo these magne?segmen su(%s ’
magagdurég Pyenvbratidyisapie risgraofietddrard BNORE HeTapered a
cdef FRagNetisprepady megsereient cobiasasaplea of ihawrespesidwo kam™

ere.cut out sqQ hat th eti erfies [ffere ' fa
e e o o™t
S%kéﬁ@%ﬁﬁn;ﬁv@ﬁﬁﬂ¥§ﬁ&ﬁ@d%bsorption treatment. Since the

magnet interior was at a distance of 8 mm from the surface,

the interior absorbed no dysprosium, with its ccercive force
kept unchanged. A distribution of ccecercive force was
determined, finding coercive force increases in a region
extending 6 mm f£rom the surface. The magnet segment M2
subjected to terbium absorption treatment showed a coercive
force which was increased 800 kAm ' relative to the coercive
force of magnet segment Pl not subijected to absorption
treatment. The magnet segments within the scope of the
invention showed a decline of remanence which was as small as
5 mT. For comparison purposes, a permanent magnet was
prepared using an alloy composition having Dy substituted for
part of Nd in Alloy A, so as to achieve a coercive force
increase of 500 kAm', but a remanence drop of 50 mT was
found.
[0037]

By backscattered electron image under SEM and electron
probe microanalysis (EPMA) of magnet segment M1, Dy and F

were observed in the magnet. Since the magnet prior to the

18-



10

15

20

coercive force near the surface which was increased 500 kKAm-1 relative
to the coercive force of magnet segment P1 not subjected to dysprosium
absorption treatment. Since the magnet interior was at a distance of 8
mm from the surface, 20 the interior absorbed no dysprosium, with its
coercive force kept unchan%eql. A distribution of coercive force was D 4 F
LrRASIRAED IRtnG B5e RV ot e MEréRshstin aVaGidiE &fehdfnd’s M 2°
irfromdine susacmeiiie Maghet segmeéhuvabduybjéctetihe tadianption
tA0Serion teatmet sowsdaheoarsiverdbiforce Wijeihwas ingleasebroed
800 kAm1 relative to the %%ercg}/g. forg%&flggl nggseg@en P1 rg% er hand
cosrlﬁ%?enc%(? fL“oengsOc}'lrpin?forII1 SFeathetit. The magnet segments wﬁﬁin the '
£ seepd»t tHd Invehtivhahow@pg abclife ShrentiitheRomaddvas fertion
arsalbasis wEdtorcorapaisafoplirpofes, aipermanam giagngdnasr3Go the
t erei\ HELHSING %ﬁéﬂ%%&%@f%ﬁﬁ&ﬁﬂ’i’&?y§8b%%t}!ﬁ?do§9ifﬁ%f69wgs,
in Alloy A, so as to achieve a coercive force Increase of 500 kKAm1, but a
Thenfamehed Bp 850 M PRSP RRHES 063 71 587 Dackiuers c1ve force
wleldeiromiimagezinder SEMcancheleotfom eprabe masieroanalysis (EPMA) of
magnet segment MI, Dy and F were observed in the magnet. Since the
magnet prior to the -18 treatment does not contain Dy and F, the presence
L E%/ and F in magnet segment Ml is attributable to the absorption
treatment according to the inventioBa®y<ordsium absorbed concentrates
only near grain boundaries. %n thetother hand, 5 fluorine (F) is also
present in the grain boundary‘f:lp(%anr‘ﬁo:hC a%jaoggﬁgéevﬁith oxides (contained in

the magnet pyior to the treatment as incBidentaI im )urli{ties) ;t&flolrm B max . kam’
. 5 ) . o) . .
oxyfluorides. [ThEXREibGEEIESF Dy enabied to increads the CoerciVe forea
while minimizing g decline of remanence. 10 [003§] Table 1 Magnetic
properﬂes Near surface 1.415 1,500 390
Example 1 M1
Center 1.420 1,000 395
Near surface 1.415 1,800 3940
Example 2 M2
Center 1.420 1,000 395
Near surface 1.420 1.000 395
Comparative P1
Example 1
Center 1.420 1,000 395
[0039]

The invention is characterized in that a large size
magnet block prior to machining into the final shape is
subjected to absorption treatment. The throughput of the
process is improved. More specifically, in Example, a block
of 109 mm long in the magnetization direction is cut into 25
magnet segments. The number of magnet bodies to be coated
differs by a factor of 25, which is reflected by a saving of
coating time.
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Magnet segment Br, T HcJ, kAm-1 (BH)max, kJm-3 Near surface 1.415

1,500 390 Example 1 M1 Center 1.420 1,000 395 Near surface 1.415

1,800 390 Example 2 M2 Center 1.420 1,000 395 Near surface 1.420

1,000 395 Comparative P1 Example 1 Center 1.420 1,000 395 15 [0039]

The invention is characterized in that a large size magnet block prior to
{Orﬂﬁgﬂining into the final shape is subjected to absorption treatment. The

throughputofithg2@tpreegssistimpfoved: IMore spietifically iff Blaaipid, a
madaek of d9R4nm lgag inthemagaetizationdirectiop is,culiatn.2e MagReh g
L=s%e(gments 'I;Ile6 number of malgnet bo%ies to bg cl(r?te differs b%\ca factord_

0 §“m vvhi(‘:‘fw iS re?f]é"}i‘tearbylé1 sg\ﬁnﬁ% l(‘:‘Iosatﬁg time.“ 19 [6‘5‘4(51 o Tactus
ofmagnatsegilent @ vaAantdhdgee acoistapsd dhugnadssegrditadad 0 - 5 mm
Fryapares Rea sinilaypresedurenbavingaiskl MranW=464ARcRALBRET in
ef 2 P AROUSLIBNS R a2/ e COMEL MG OHlEE rerence

radius’is sh .5 mm’ from the center of the inner radius); an

WaHicRRESET iftfe hidy MAFAR6H 6irRESRS B3 S e TRe Uiy Bffefefce in
Takdsshape, and its magnetic properties were the same as in Table 1. 10

Magnet segments M1, M2 of the invention and magnet
segments Pl of Comparative Example are incorporated in
permanent magnet motors, whose performance is described
below. The permanent magnet motor is a surface-mounted
magnet motor as shown in FIG. 4. The rotor has a six-pole
structure consisting of laminated 0.5 mm magnetic steel
sheets having permanent magnet segments adhesively attached
to the surface therecf. The rotor has an outer diameter of
45 mm and a length of 50 mm. The stator has a nine-slot
structure of laminated 0.5 mm magnetic steel sheets with a
concentrated winding coil of 15 turns on each teeth. The
coils are of a three-phase Y-connection of U, V and W phases.
A gap of 1 mm is defined between the rotor and the stator.
In FIG. 4, the solid circle of a coil denotes that the coil
winding direction is forward and the crossing (X} of a coil
denotes that the coil winding direction is backward. When
electric current flows across coils, magnetic fields are
developed in the directions of broad arrows depicted in the
stator core region, so that the rotor is rotated
counterclockwise. At this point, an aft area of a permanent
magnet segment in the rotating direction {(a circled area in
FIG. 4) is in a situation susceptible to demagnetization
because the magnetic field is directed opposite to the

magnetization of the permanent magnet segment.
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15 permanent magnet motors, whose performance is described below.
The permanent magnet motor is a surface-mounted magnet motor as
shown in FIG. 4. The rotor has a six-pole structure consisting of
laminated 0.5 mm magnetic steel sheets having permanent magnet
segments adhesively attached 20 to the surface thereof. The rotor has an
[ Qe diameter of 45 mm and a length of 50 mm. The stator has a
nine-siod streiure 1of larhimafed®demot mbgneatic steet shéets with a
aieRceRialedwinding coiliof Aytupns-Qneash 1eefl- fBe o50ilsA 8. 8ang
three-phase Y-connection of U, V and W phases, 25 A gap of 1l mmi

S

At e BRATEER tHePrlor ST TSRS, U FIéYa Snehlid RSt 428
dedudimehotss that e toit heindingvdirectiopts ferweand amg alsesrsbsidtpiX)the
mdﬁ@ﬁ@hgeagtﬁféh@hthsrpoﬂ Vﬁmm@mgnﬁw@wfo éﬂoﬁ\fh%t_h ﬁ RMS

electric curre WS across Colls, magn tic fields are evelope e
SR i A S AR
thetdhed rotaters cBd@ERdodiiide. AVEHs Bdint 49 &t HRRESt a peiffidnent
s inagrel seoaent dtthe eiatngditeatioan(e aitletbhaa iINThHGméd)tisin was

£ SPHANQY, sUsGeRtiple 1 Aemagnetzafion, 3oPacauss she magnedis figldis
Irected opposite to the magnetization of the permanent magnet =

W%%@ﬁ%@mﬁ-z‘b%o&lf]lme@a|%afé%% RSP EEmAYnElF A, §imitlar S0-A

ophifferenoa in thdrivingrtortiuedsnhgmedtdebafboa and egiter expbsure wercent

t SrlgHPerate pf 5206 o hoyfe was sdeiarminedaBistithg FiRghe at RT
torque was meas%re_d when the m fE%[Ulyvas %Je{ated ona %hrl%ﬁ'%he € e

2L bifrenP ASHEIRI a BVSVElient K6Peadh &ifattoom

p lempreatirel R D VR Xt (Hemoidnwas prated inarfddriedo @wieraant in

ovés)similarly operated with a current of 50 A. The motor was to taken out

E{?(f);g oven and returned to room temperature, whereupon the driving
orque was measured during similar 50-A operation. The term "% )
demagheh2ftioh" Fepesssts perent foRfE @B Bre reduction by

delemagnetizatidron [(dritiirg tarque ahRing magnet segments having a

low coercive force in Comparative Example 1 evidenced
demagnetization, indicating that it could not be used in a
120°C enviromment. In contrast., The motors using magnet
segments having a coercive force increased by the inventive
treatment in Examples 1 and 2 evidenced no demagnetization at
120°C. Although the coercive force at the center of magnet
segment was equal between Examples and Comparative Example,
the coercive force of a magnet segment at the edge
(corresponding to a portion of magnet segment which is
susceptible to demagnetization in the permanent magnet motor)
could be increased by the inventive treatment, which ensured

that the motor was resistant to demagnetization.
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after placement in oven) - (driving torque at RT before 15 placement in
oven)J/(driving torque at RT before placement in oven). [0043] Table 2
reports values of percent torque reduction by demagnetization. The motor
using magnet segments having a 20 low coercive force in Comparative
Example 1 evidenced demagnetization, indicating that it could not be used
[ 0o £4 120C environment. In contrast, the motors using magnet segments

having a coercive force increased by, fhe inyentive treatment in Examples
1 and 2 evidenced no demagnetization at25 120C. Although the coercive
force at the ceniefef magneati segrpentwasequahbetween Bxamples and
Comparative Exampleysile coesniygsforcesaka magneh segment at the

J £ (M + i £ 4 | PR | H
edge —{corresponamyg-tofa portionof- magnet segmentwnicyl .
o { M 9 P J J bbega?natlza

susceptible to demagnetizatiolFwfisd Feamanent magnet motgr Bﬂ;w;ﬁéon

Egaergnlcéeased by the invantive treatmeng, which ensuied that the motor
WAS resistant to demagnetization -21%044] Table 2| Torque reducfion hy

edenpagnetization of motor using D-sh&ped magnet segments Magnet

segment Dermagnetization at 120C, 9% Exampie I™MI'0Exampie 2ZM20

RPN EAMBIe 11P1 12 5 [004%] Performance of motors usifg

C-shaped magnet segments of Examples & Comparative Example 10
Magnet segments MI, M2 of the invention and magnet segments P1 of
[&%@@arative Example are incorporated in permanent magnet motors,
5 whose performance is described below. The permanent magnet motor is

@f(potors using C-shaped magnet segments of

UAD OTTUWVITITT T T

Examples & Comparative Example

Magnet segments M1, M2 of the invention and magnet
segments Pl of Comparative Example are incorporated in
permanent magnet motors, whose performance is described
below. The permanent magnet motox is as shown in FIG. 6.

The stator is the same as that in the motor of FIG. 4 using
D-shaped magnet segments. The rotor has a six-pole structure
consisting of laminated 0.5 mm magnetic steel sheets having
C-shaped permanent magnet segments adhesively attached to the
surface thereof. The rotor has an outer diameter of 45 mm
and a length of 50 mm.

[0046]

As in the motor using D-shaped magnet segments,
demagnetization effect at 120°C was evaluated. The results
are shown in Table 3. The motor using magnet segments having
a low coercive force in Comparative Example 1 evidenced
demagnetization, indicating that it could not be used in a
120°C environment. It is noted that demagnetization in the
motor using C-shaped magnet segments is less than that in the
motor using D-shaped magnet segments, because C-shaped magnet
segments have a greater thickness at the edge. In contrast,
the motors using magnet segments having a coercive force
increased by the inventive treatment in Examples 1 and 2

evidenced no demagnetization at 120°C. Although the coercive

-2




10

15

20

25

30

The stator is the same as that in the motor of FIG. 4 using 1s D-shaped
magnet segments. The rotor has a six-pole structure consisting of
laminated 0.5 mm magnetic steel sheets having C-shaped permanent
magnet segments adhesively attached to the surface thereof. The rotor
£ has an outeé diametﬁer of 4%nmm and a length of 50 mm. 20 [_90%6 @sén
FhEMmétor (8Rg T 2hEPed MAGHET Sagients "detian&iaTion ertect at
EXERQE f81s &VA | e amet fose tExapodifownteT Sife BCTHe riieierasipg 2
mdGagretnegheents Aavinge aday £oereive i peiin Cagpasativepbxampte b

nYjdsnoed 5 demagnetzation. indieating, at i could ot be USedin &, sn the

AP0 environment. It is noted that de agnetization in the motor using
PEIARFEF e SelRERIS isTo8e tharfthafifiifie SRt sk DISHAR R Ve
traagneirsegmenishbenasse i shaped higgnetd isegments hagd sigreatero
déﬁi%ﬁ%ﬁ%@f&ﬂgﬁ In.contrast, 30 the motor; using magngt segments

having a coercive force increased by the inventive treatment in Examples
L904dd 2 evidenced no demagnetization at 120C. Although the coercive

-22 force at the center of magnet s&@héat Was equal between Examples

and Comparative Example, the coercive force of a_magnet segcrglxgnt at

the edge (corf@&sBKdin %0521?5 Itf%?ﬁ 8?%@%%%%%“&%?%%% IS

susceptible to demagné&tization Tn hes Detmanén m%%%set motor) could

be increased by the inventive Mggﬁr&egté hich ensured thakthemolcktion
was resistant to_demagnetization. [004/] Table 3 10 Torque fdddéfioh by

rdemagnetization of motgr using C-shaped magnet segments Magnet

opn ik TN oo o o ks 41 + 13NN O/ I— ] M A -D— = ] D AAD.O)
SCUITCTI UCTTITagiTmie i ZatiiT al TZ2U0T, 70 CAAITIPIC IIVITU  EXAITIPIE £ IVIZ U

EEcytpardtive Example 1{P1 6 M2 0
Comparative Example 1 P 6
foo48]

While Examples refer to permanent magnet motors,
permanent magnet power generators have the same advantages
because they are of the same structure to which the magnet

segments of the invention are applicable.

LEGENDS
{0049

rotor core

magnet segment

rotor
10 rotor yoke
11 stator core
12 coil
i3 stator
14 stator vyoke

100 sintered Nd base magnet block
100a magnet segment
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[0048] is While Examples refer to permanent magnet motors, permanent
magnet power generators have the same advantages because they are
of the same structure to which the magnet segments of the invention are
applicable. 20 LEGENDS [0049] 1 rotor core 2 magnet segment 3 rotor
25 10 rotor yoke 11 stator core 12 coil 13 stator 14 stator yoke 30 100
Féd Nd base magnet block 100a magnet segment -23 CLAIMS: 1. A
method for preparing a sintered Nd base magnet comprising the steps of:
1 5 provigling.2 sisviered:Ne bape magned biackihaving 1sarfages and gnet
odha r}_etllzgtlor%gjereggéoen,scoggr]g the surfaces of the magnet block
e ud?ng the 8Grface Berpen'dicular to the magnetization direction with a
Dy or P exidéiguivder sa mheaierb Hdohds powasn oF abBpek iHaving
subreQiainnRgalompemder featiog tha eeateddrack at a high
lempergbue.RE g 06db 1 £lhine e llade SRAGIINGNE, the
block inap anéJ perpendicular to the magnetization direction into a ]
SHAGTRS REFRIRBAGIEAT i$ CodRR/ReESdisHbtioR dhithechi S8ttt @
Dhatrthebceertive foroedshighaabieqeriphefiland ioleerdowded-theor a Dy ox
Tm%gﬁggg@iq@%q@&pe#gmgge distribution in the magnetization

direction. 20 2."A method for preparing a sintered Nd base magnet
treating the coa edpblé%k at a high temperature for

c

causing Dy or Tb to diffuse into the block, and

cutting the block in a plane perpendicular to the
magnetization direction into a magnet segment having a
coercive force distribution on the cut section that the
coercive force is high at the periphery and lower toward the
inside and a constant coercive force distribution in the

magnetization direction.

2. A method for preparing a sintered Nd base magnet
according to claim 1, further comprising the step of
machining the magnet segment on its surface perpendicular to

the magnetization direction into a C or D shape.

3. A method for preparing a sintered Nd base magnet
according to claim 1 or 2 wherein the magnet block has a
maximum dimension of up to 100 mm in a Dy or Tb-diffusing
direction perpendicular to the magnetization direction and a
maxzimum length of at least 30 mm in the magnetization

direction.

4. A sintered Nd base magnet segment obtained by the
method of claim 1, having a coercive force distribution on
the cut section that the coercive force is high at the
periphery and lower toward the inside and a constant coercive

force distribution in the magnetization direction.
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according to claim 1, further comprising the step of machining the magnet
segment on its surface perpendicular to the magnetization direction into a
C or D shape. 25 3. A method for preparing a sintered Nd base magnet
according to claim 1 or 2 wherein the magnet block has a maximum
dimension of up to 100 mm in a Dy or Tb-diffusing . direction perpendicular .
5 10 the PaBHBESRRS AfbcRBR SR ik ARG 6F SEANEEa0 farf pim 4
whhemdgnetizatidm 80 divectidis. £ yx Simtered dtbbass mabmet $egrhbat
nftained byihe methadkafslaimhtohaving scasreive ferce distribution on
the cut section that the coercive force is high at the 35 periphery and
lower toward the inside and a constant coercive force distribution in the
6 magnelizatior:-airectiond - baseAnasardd RE Pere magrsrsdifseio claim 4
o@BCeokENG:10 6lainadewhich isanachiaad ondigmanface perpentiawanto magnet
rg@g&a&g%m(gp dll’eCt‘IOI’] into a CorD shap.e. s 6. A sintered Nd base
magnet segment according to claim 4 or 5 which is used as permanent
magnet in a permanent magnet rotary machine. -25
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