SPECI FI CATI ON  METHOD OF MANUFACTURI NG PERVMANENT MAGNET

[ Technical Field] [0001) The present invention relates to a
nmet hod of manufacturing a permanent nagnet and nore
particularly relates to a method to be used in manufacturing a
Nd- Fe- B based magnet having a hi gh degree of orientation.

[ Background Art] [00021 ASRECFEBIHEADAREd sintered magnet
(so-call ed neodym um magnet) is nade of a conbination of iron
and elenments of Nd and B that are inexpensive and abundant
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properties (its maxi num energy product is about 10 tines that
of ferritic magnet). Accordingly, the Nd-Fe-B based sintered
magnet[FehayigalbRem)used in various kinds of articles such as

el ectroni c devices and have recently cone to be adopted in

not or SL0A0d] el ectric generators for hybrid cars. The anount of
their uses is on the increase. [00031 The Nd-Fe-B based
magnet s afee nigepen) payARtioat delades toaapoeieed efemaAnuiGyrinst Aod.

In thi t hod, Nd, Fe, d B,. irst f | at [ .
or cdgt T 154 SRS PR YR Pu R ket Bhal AGEUH Rerised

manuf I ] terd.al. . :
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step dMBhckpeaegsirikly fine-ground by, e.g., jet mlIl fine

grinding step, thereby obtaining raw nmeal (in powder form
hence [0808ired to as raw meal powder). Then, the obtained raw
or 1 ent at 1 brd Taith 6o ot BREmon EAled Fod TR BLaEReRhech
the "8 Qgtci) af ichlmgirxia%iogeiopqroarppalnidegelements of Nd and B that are
inexpensive and abundant natural resources and stably obtainable, and can
thus be manufactured at a low cost and additionally has high magnetic
properties (its maximum energy product is about 10 times that of ferritic
magnet). Accordingly, the Nd-Fe-B based sintered magnets have been used
in various kinds of articles such as electronic devices and have recently
come to be adopted in motors and electric generators for hybrid cars. The
amount of their uses i1s on the increase.
[0003])

The Nd-Fe'B based magnets are mainly manufactured in a powder
metallurgy method. In this method, Nd, Fe, and B are first formulated in a
predetermined composition ratio, melted, and cast to thereby manufacture
an alloy raw material. Then, the alloy raw material is once coarsely
ground by, e.g., hydrogen grinding step and successively fine-ground by, e.g.,
jet mill fine grinding step, thereby obtaining raw meal (in powder form,

hence referred to as raw meal powder). Then, the obtained raw meal

powder is oriented in the magnetic field (magnetic fleld orientation), and is



t hereby obtaining a nolded (or fornmed) body. This nol ded body
is sintered under predeterm ned conditions to thereby

manuf acture a sintered magnet. (0004) In the conpression

mol di ng nmethod in the magnetic field, a uniaxial pressurizing
t ype wmpresmresoided imol giate immdtichehd magaeiés Beldyis bseg apmlied,
conpressi.on.nol di n hjpe is sq .arranged that,raw neal poywder
Co T ieERDY qiipg g g&gﬁg‘ifl g’l‘iﬂP’I”P Rod¥ bRy W@aﬁ%fio‘%{g’nlsam?ﬁf% gh
hol e.t%de%%ﬁ*@&@&zﬁ?x'&& cbr?diti%ggtdj’hh%rewglahﬁfa'aftﬁﬁ%e n%:%d 3569 by
a pair of "upper "and lI'ower punches i'n a vertical direction to
t her elfpood) d the raw neal powder. At the time of conpression
nol di ng by the pair of punches, a high or superior orientation
cannot bdnofhicajonadeshien holdinigonhetwdamothg mhengtar fieldl esuniaxiahe
raw meal powder filled into the cavity, or due to frictiagn
bet waRBSTUE pgky neeef] coppwession mddinEamegline ygeneseldy yped. hel'his

talli l. d N Lt inth h. Th .t
O oIS ol P SR S TG SRdar Fav P o apraat i Bl S,
b t:t al . , I 30 | '
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upper punch and the |ower punch is subjected to vibrations in
t he diergcali dimeasfonptee slsareby immgd (fheessy mgeali pozater.ondt dhe tthee tof ne
of orientation in the magnetiﬁ field. In this conpression
nol diGeEnretsIH molhing diyathgi gt ehaunsgset idgh pepaperdr greetalioneal
powder whi ke vibrati he .raw neal powder ‘% t he, upper nch
or et aeE BfieRs' fbe U Bkt AT B el o1 chES HFi
raw mealdcP $iMd8 infd ﬂh'eecq\rié?,to? &J&%PQﬁKﬂiEIY bERER8hE RERARELIT fcMer t hE
stati'c friction to the dynamc friction. The friction anong the
par t iarideshe efalll Berfacw dfedle pRYgléEE meldt futsin pekitied 1hotHehgtedhy
inprove the flowability of the raw neal powder. As a result,
t he rBieraews Powdepradgmibe thet edpswyeasnt o the nagnetialirgeridics n
t he di rect{)on of 8ri entation in the magnetic field, 2

cannot be attained.

[0005]

As a solution to the above problem, there i1s known a compression
molding method in which, after having filled the cavity with raw meal
powder, at least one of the upper punch and the lower punch is subjected to
vibrations in the direction of pressurizing (pressing direction) at the time of
orientation in the magnetic field. In this compression molding method, by
charging the magnetic field to the raw meal powder while vibrating the raw
meal powder by the upper punch or the lower punch, the friction among the
particles of the raw meal powder filled into the cavity can be changed from
the static friction to the dynamic friction. The friction among the particles
of the raw meal powder is thus reduced to thereby improve the flowability of
the raw meal powder. As a result, the raw meal powder can be moved so as

to be more aligned in the direction of orientation in the magnetic field,



whereby the orientation can be inproved (see patent docunent
1). Patent docunent 1: International Patent Publication No.
2002/ 60677 (see, e.g., what is described in clains)

[ Di scl osure of the Invention] [Problens to be Sol ved by the

| e hthy cLQ&Q&lﬁagiBW%X%e IR &N28 @ROY R APAELIRGR 15.0TPY essT on

nol di ng nmet hod, on one o e upper punc he | ower
punchPatenvidesighest Bt Idibendtione] PhterdrP@iicativerNe. RO0RE0BATY(dd, C
field. Therefore, the positional relationship anong the

part i cgewhat i dscribed mecbim®wder inside the cavity shows little
or n0[ Ch(gnge fg(i]mthe staje in which it was initially filled
into tihasdeapre gf thednven@ent he crystal fractured surfaces of the

raw Mgl pONISE LRI HLYDG Xt Lo each other in the

di rect'i 6A° O “or entatro madnetic field are not aligned

wi th dngogpot her (since the raw neal powder of the Nd-Fe-B

based sintered magnet is manufactured by fornulating Nd, Fe and

B, neltiHgwewndimltheoyiboge -dastribadncogipraskiog, méldmgs urethak w@flyt he

raw neal Powder has fornmed thereon cr(ézt_ al fractured surfaces
e

t hat tevet bee paped ouneh andl they dayeerspvnchc s yibratedr at e (timepdi n
cl earance anon he partij.cl of . the. raw neal. powder.. The easy
o GG NRr s BREBHS T oW hElhotefePostRLS GURECHgNS
align,] NeL| [ ti Lrectho : :
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order). [0007] 1In view of the above-described points, the

obj eataseftht kirgstainfractured susfates ofptheviate neealglohvadr gharticles lying

manuf acturing a hi gh-perfornmance pernmanent magnet which is
made WXtdA e3fh ehadnpd@ydirectins dfeerigalion apdha magnedicdeldody
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e i
melting, and alloying and then grinding, the surface of the raw meal powder
has formed thereon crystal fractured surfaces that have no particular
cleavage surfaces), there will remain clearance among the particles of the
raw meal powder. The easy axis of magnetization of the raw meal powder
thus does not align in the magnetic orientation direction. If the
compression molding 1s carried ouf in this state, there is a problem in that
the orientation will be in turbulence (not in order}.

[0007]

In view of the above-described points, the object of this invention is to
provide a method of manufacturing a high-performance permanent magnet
which 1s made of an oriented body, a molded body, and a sintered body
having an extremely high or superior orientation by arranging such that the
raw meal powder crystal fractured surfaces having more equal crystal

orientation relationship can be combined together in the magnetic field or



3 electric field. [Means for Solving the Problens] [00081 In
order to solve the above probl ens, the nmethod of manufacturing
a permanent magnet according to claim 1l conprises the steps
of : O&h&li]{lm raw neal powder filled into a filling chanber,
the ofirénting being carried out in a nmagnetic field by

subj ecivMegh 3 Skl BRI PleByaed] to pressing by pressing neans
having a smaller area than a cross-sectional area of the

fillind00Bhnber; and nol di ng under conpression an oriented
sem -fini shed product obtained hy the orlentln step, into a

pr edet er rﬁm@diesﬁaﬁelvrari: he pboverpgetdems. theemgth ANUIEEHEIRE Ag
to the invention o

h he. fill
chanbeF TR PR PA RS 1At ¢ HaNeRbehity St openbihd
ori enfednida) b&@demﬂéa%'c&afﬂlﬁhgcha%b&hu?e 5r5é¥ﬁ1nél§l§n§5§§?e‘drlﬂm

means 1S presse or urge agal n he raw neal powder in the

filliingachagaeticifftld Ny sabecthg abti QW asealt frévdbr echireigf by
filling the raw neal powder into the filling chanber. Here,
t he cpmtsaog wariabdevinghe gralsi mgastlhuaﬁa&@)osefscch@qdrz’egslOrfg‘-he

nmeans rh into ont ct with the raw neal ; IS _se
bo_ srallng chmler: aad TRelduw Wnsy EHTRTessom agroriged [Sey g ed

Cha”b)l?lrodug_hglst%fl rdelb?'emiae %nteh?lingrs‘?é S'nr]]g) ﬁ%g@eﬁ:errﬁml%%ptha% de the

pressing agains raw rea
forcelqafk;ﬁ&t(pc tilg. space bet ween the pl’eSSI ng means and the |nS| de
of the Tilling chanber. [00101 As a result, the bonding of the
parti 0869kt the tine of charging the magnetlc field is once

cut off and the positional relationship amng the parti cI es of
the raw rﬁ%qorcbaaderthenmvaétltm@ffqlalm Ag a@ﬁa%@pn&@éhéé@ef Lgimg

E Eg fst}_'at e% WIV\Q tﬁe 1§\Deme “P(Pel the 1\5\@vsm!3alpgolwa ellylsforlenga% in trho
magnetic field. At this time, the pressing means is pressed or urged
against the raw meal powder in the filling chamber in the same direction as
the direction of filling the raw meal powder into the filling chamber. Here,
the contact surface (the pressing surface) of the pressing means coming into
contact with the raw meal powder is set to be smaller than the
cross-sectional area of the filling chamber. Therefore, when the pressing
means 1s kept on pressing against the raw meal powder, the raw meal
powder is forced into the space between the pressing means and the inside
of the filling chamber.

[0010]

As a result, the bonding of the particles at the time of charging the
magnetic field is once cut off and the positional relationship among the
particles of the raw meal powder inside the filling chamber changes from
the state in which the meal powder was initially filled into the filling

chamber. And then, out of the combinations of the crystal fractured



chanber. And then, out of the conbinations of the crystal
fractured 4 surfaces in the magnetic orientation direction,
there will be nore chances in which the crystal fractured
surfaces having nore equal crystal orientation relationship

get cOpAReeth tKheRghbEe 6Fi¥vtation di Retibh Bthe 81 ViR BE I dia thAGcesaqual
crystal orientation relationship get conbined, firm bonding

chai nehahethef oystall fradburad rsesfalces hehegonyst ejual captal edetatibaces
get conbined. or joined wthout clearance in the gneth,

or i enteAdiigshan ek rGoabingl tHoe themyeakilmctngddpwdasesehaving
sem -product ,i,n which th rvstal fract.ur _surfaces,are .
conbi B AT €L At ot SERURRE Ty Uhp AR RAS are

di 1 ecfyl.pag. tﬂgraeregan, bt ORkal rfgzﬁtt@rehl AhrAeoght Xoxﬁ@iﬁm@&rbﬁ‘%inﬁg

magnet which i1s ree fromturbulence or irregularity int

ori enivgthbon. clé@hdd i NntHehanagneeidt iodiendntdt ddipection. cl &ym thust he
met hod preferably further conprises changing the position of

t he peosemiesgomeanklisgqihensemi-pyodoet ag Mlgpe‘%feoﬁmspaleﬁﬂchg‘eéy

t he pre?si ng neans.,over an entire cross-section al. area of the

i |11 TRRandEr comhEed PREMWClRREANCS ofetheg SABNRHE t SHEHAKER i n
the éi&'éétlr?ﬁgt}?é}@@ﬁﬁ? Bhak R i%%n@%g}éﬁgﬁgﬂ H&ﬁﬁét hich is

rel at i OnsShi p anong the par S TNS| g chanber,

t her ef¥d fromPRUBRIBcE BRRBERAMYVAI LGB kR tatidryst al fractured
surfaces having equal crystal orientation relationship get

conbi @@11¥This particularly holds true with the filling chanber
which is _rectangle in craoss-section. (00121 The method
pref er ablip ther iventienmseqrdeg (o eladpi hghe Haehod serefryablyaiygthern

LRSI N XN
conpr b S&SnR A8 1Y) 1N RV nBERban PRI & ehiPhb&RN tibRaParea
predet erm nggﬂ! m%%g rati o gﬁore filling tLe
of the filling chamber. Then, the raw meal powder gets better mixed in the
filling chamber. By thus changing the positional relationship among the
particles inside the filling chamber, there will be more chances in which the
crystal fractured surfaces having equal crystal orientation relationship get
combined.  This particularly holds true with the filling chamber which is
rectangle in cross-section.
[0012]

The method preferably further comprises vibrating the pressing means
1n the pressing direction at the time of pressing or urging the pressing
means.

[0013]

In this case, if the method further comprises adding to the raw meal
powder a lubricant in a predetermined mixing rvatio before filling the
mixture into a bag body, the flowability of the raw meal powder is

advantageously 1mproved.



m xture into a bag body, the flowability of the raw neal powder
is advantageously inproved. 5 [0014) Further, in order to
prevent the raw neal powder fromgetting adhered to the
pressi ng neans, the pressing neans shall preferably be nade of
a nodﬂﬁﬁghetlc material. [0015) |In order to solve the

above- descrlbed propl ens, the nethod OL manuf act uri ng

per manent wﬁb@fetn %’GBMPF&}’EPB“& Hivhinga B%ﬁiqrsfe@ntgﬁ%tmgs%@ﬁge%f
filling,.raw nea into a deform 0 ot gnid ng
the  PaeniaroRb BERY ke duleshed Bedmbadyth nederallivhs MAGTY 8%,
apply I pressing force to the bag body, while
knead?ﬂgm?ﬁg&%g@aﬁea " powder inside the bag body; and

conpr 98i16h nmol ding the oriented raw neal powder in the
magnetic field into a predeterm ned shape. [00161 Accordln to
t he i nvenimi omdesf tel solme 6theafaberve Heserivgdf probdems hdhe awethos]

powder into the bag bod t he raw neal. powd is.oriented
feceaniy 3 fermiridnii Sogholeac HPEe ﬁ@lmoﬁieenwysp%éhﬁy

t he nB§HB

| | i
COPL1E8b i ST R o mliofeRimnhl MELLY Bl hbons
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at the time of charging the magnetic field is once cut off. The
posi tlocaladed pessingofostd po amenbay edpawhilel lescadngg dbe trhaey magpl
body changes fromthe state in which the raw neal powder was
init nm@ﬁlflwﬂ@ahq hambedie anf|cpmpgessipanpalding theegiended oy mend

conbi nat i ons f t he ﬁr}( tﬁla fract red surfgces in the nmagnetic
ori et eéﬁn(ﬁ ¢ BABPEHC DE L iPF H%"“HSF@ A&hces in which the
cryst glppfigpctured surfaces having nore equal crystal

orientation relationship get conbined. Once the crystal
f ract ur edAgurding &s thaiivegtiod wlklatmys tadler HvheNTiHed Ofe raw meal

rel ationship are bonded to thereby forma strong bonding chain,
powder into the bag body, the raw meal powder 1s oriented in the magnetic
field. At this time, a pressing force is locally applied to the deformable bag
body at a plurality of positions to thereby knead the raw meal powder inside
the bag body. According to this operation, the bonding among the particles
at the time of charging the magnetic field is once cut off. The positional
relationship among the particles inside the bag body changes from the state
in which the raw meal powder was initially filled into the filling chamber.
Then, out of the combinations of the crystal fractured surfaces in the
magnetic orientation direction, there will be more chances in which the
crystal fractured surfaces having more equal crystal orientation relationship
get combined. Once the crystal fractured surfaces having equal crystal
orientation relationship are bonded to thereby form a strong bonding chain,
the crystal fractured surfaces are aligned without clearance by getting

bonded in the magnetic orientation direction. Then, by compression

molding the semi-finished product in which the crystal fractured surfaces



the crystal fractured surfaces are aligned w thout clearance by
getting bonded in the nmagnetic orientation direction. Then, by
conpression nolding the sem -finished product in which the
crystal fractured surfaces 6 are bonded wi thout cl|earance in
t he ragniemded owitbantcicarardieriscthomagnesic ederitatipmiditestiopr dkuct
will be of high density w thout turbulence aor, irregularity in
ori erﬁ@atlif{mgﬂq%héve Wo&tﬂ\:ﬁ b nef i gﬁerﬁé% a‘flﬁ%ﬂ%etw%gl:‘mw? 8
[0017) I n.this.case,. preferaply..the t AV A C. ,ses
m Xi r%}gfetgglatlﬂé i 5%%%'%”: E%evl\g% Xlg,ta nngi%c}g%ﬁ pF?\%h'Hg‘ﬁ%e egglﬁénti ned
m xi nqopgt) o before filling the mxture into the filling
chanber. Then, the flowability of the raw nmeal powder is
advant agdaudliy casmprpoviedably GBa 8hethiod fubeheabowsrisey enixion to the
met hod further conprises a step of sintering the oriented
seni - BPnnepbRoW gl debrisang dnpdr rigdetenmanadimdxi ng aptio efire Hidling
product, in addition.to the nol di S or in plage of the
ot i g et ity P BRmber nel ot GPvpbiieel A% Fay mish

W th Al e t. and | manuf act ured by a quenchi ng
nmet h&%ﬁdﬁ]gs %?\{/ag{ﬂg g?@é?ﬂjﬁgvc?%urfaces can be nmade large in
area fpie}l he raw neal powder being of angular particul ate
shape, and the clearance anong the particles of the raw neal
powder camnhihe mhole susintion) rthe ombihudt fonhe tchimphiees ac tstaphaf
there will be many chances ., of copbinipng the crystal. fractured
sur f SeRieTiBE tthe RNk S%@v@@ﬁh%fgepF@iH%DPé éﬂualreswm@ﬁe

orientatin el ationship, .t.l egnee_of ,.ori ent at.i.on n
e St R BHAQRR oRPagdliGe GONEplik O 3 BpGRh P the

I nvenbhiailg stb020) Wth reference to the acconpanyi ng draw ngs,
a description will be
[0019])

In case the raw meal powder 1s for use with a rare-carth magnet and is
manufactured by a quenching method, the crystal fractured surfaces can be
made large in area with the raw meal powder being of angular particulate
shape, and the clearance among the particles of the raw meal powder can he
made small. In combination with the fact that there will be many chances
of combining the crystal fractured surfaces of the raw meal powder having
more equal crystal orientation relationship, the degree of orientation can be
made extremely superior.

[Best Mode for Carrying Out the Invention]
[0020])

With reference to the accompanying drawings, a description will be
made of a compression molding (or forming) machine 1 which is suitable for
manufacturing a rare-earth group permanent magnet of a first embodiment,
in particular a Nd-Fe-B based sintered magnet. The compression molding

machine 1 1s of a uniaxial pressurizing type in which the pressurizing



made of a conpression nolding (or formng) nmachine 1 which is
suitable for manufacturing a rare-earth group permnent magnet
of a first enbodinment, in particular a Nd-Fe-B based sintered
magnej:.. I : i L [ bk axi al

pr casuiyHOR Y BFBSREE HARCTRD 1 BoBREIL the mbéndilc Biadacd
(pres@ira@iodl s8EhhOA)baks phite NRGNEH istauphbaedbgnat piecaerilent ati on
direction, and has a base plate 12 which is supported by |leg
pi ecedbave. the Apowplathé2 badispgredtacdie 2. | Thdidspdseshimwortied ¥.a2 The
die 2 is supported by a plurality of supporting colum 3
whi chPIBEHEY AP RPRUHEE AL YRS bRubich panetrald thrpgh sk adsectiatior
each t _ i J: I t. i ng

o at e a ik GHEPEAL bR Fur e BB 8 oy GRS

coupl doa@linp pBite 144w hich COPROIAbelRy thdlbd %iyIkeNMBANThE U6tp RS a
cylinder rod 15 of a hydraulic cylinder of a known

constplatd 1bis.coAacaeditmg dvviigingans swigen®oglindebyodp&phsi ng t he

| ower. hydraulic cylinder to thereby nove the coupling plate 14
ver t i drpylic eindgr of 2 kyewsrresstrpeetibl diccor dingtopihdsarrapgemgnt,
direction Y, i.e. in the vertical direction as can hbe seen in
Fi o, By Oesn UG fpweypEh el paehie ReraPopare GrPRRe PE o
t her ey j i o o (s kan.
o FhErtRPT e Ao Pihes Mofeali ipink BBl dLbn®, 100,

si de, inthl QR cap dN@btiSd a¥bhie Be k& nvigrkigcal |y di sposed in
substantially the central portion on the upper surface of the
base {I082&] 12 in a manner to extend upward. Wien the |ower
hydraul i c cylinder i operated tq | ower the di? 2, the | ower

S :
punch 31 InsSubgleaitially thacanirabpatob b dienp|therens iymaden fhipug
cavi t foyql LI chanber). 22 is fined,w tHhi he, t hr ough ol e
21 ThS ol SORRT dhuifah. oo e bl Pl 21 2468 By of)
22) |95/ 30P PR 1aoRkY siR! §366& HERN R Gl GUsderG§8ARisposed in
rect angul ar shape, and the |ike depending on the shape of the
si nt esubdtaragibletihe kahtrab pgaiongn heheppewlsdefdce bif thnbassvpbate 12nn
this enbodi nent, since a sintered nagnet of rectangul ar .
par ald enepngredoi extgod ngpvarche Weheuf dbe ulowar prirasheoswylinder ignal
Shapeop'e%ated to lower the die 2, the lower punch 31 is inserted into the through
hole 21, whereby a cavity (filling chamber} 22 is defined within the through
hole 21. The cross-sectional shape of the through hole 21 {(cavity 22) is
appropriately selected from a circular shape, rectangular shape, and the like
depending on the shape of the sintered magnet that is going to be molded
from now on. In this embodiment, since a sintered magnet of rectangular
parallelepiped 1s going to be manufactured, the cross-sectional shape is
molded nto a rectangular shape. With respect to the cavity 22 a powder
feeding apparatus of a known construction (not illustrated) is movable
toward, and away from, the cavity 22. It is so arranged that, by this
powder feeding apparatus, an alloy powder material {also referred to as

alloy raw meal powder) that has been weighed in advance can be filled into



nol ded into a rectangul ar shape. Wth respect to the cavity 22
a powder feeding apparatus of a known construction (not
illustrated) is novable toward, and away from the cavity 22.
It is so arranged that, by this powder feeding apparatus, an
al | oythpeadey 2fdseeriigl 2)(al so referred to as alloy raw neal
powder,) th]at has been wei ghed in advance can be filled into 8
t he ca{\gp?% 22 (see Fig. 2). [0022] Above the die 2 there is

di d die b 6 Ir to lie,. ' he b
ol ot 12, Ao iy Bics ey PoRePRPAR bdard RaulPRRHAE AR P0°
Pr OVl B0 JORSasPYNGD 132 DR FIRRE L I1B: M BiEbA QYR ke i

33
insertion into the "cavity 22. In addition, in the corner

por t insidell abheypdr @ubéls 82 1:6atphertRnavkgich hilbwe doitihs@uph ihod ge
elongated in the vertical direction. Each of the through holes
has pengyr2g: edn afditsnhrodgreoanepuiatdionpef the dambasentd dfergrech s

fixed, t _the di .. 10, f f

Lhe. dPEMBALEOUED rolRaATR oHBe e AEGIIAY nBRCoIelEn ae o
3 HoerEE dising | as

nown KouEEBRIET hap B CH Pyl HHad B e I R 2,

the dik€ixbaseadGpbecoes.cMIYROLR Y ertd Halpper sAvfadeds the dibgagdli de
rods 17 and, consequently, the upper punch 32 beconmes novable

i n t hiE there ic@innditeé atdronng oeasstoclbes angkndedoid ABwfthe t hr ough

hole = 21 of the dizizn Accordgnﬁ%to this arrangenent, at the
ti me Wdraghpedngesfotidperagd) ehekpewin sengtrigdinder Yhansthis

subj ected to gonpression i,nsid he vity 22 by.nmeans _qf the
oai r DIFRHEE I PR B PPt Bire e A Bropmesgaov BRI B Ro Y e
nol deg,; b _ i i ty 0

nad hanrty SR dle SMSITERN, COR AR BRIT FEApRe P 34, Becomes
provimedhide indgnahriicalldifdctiogebaksab bagneprdratdithedhsougdshdle

magnetically orient or align the raw nmeal powder P inside the
cavi t31 gf2he e nageverdiog to hid agumgeatenhagt the paracicompiession

di Sporggl%igg m?tmf\l: (r:r?elall 1\;0\%8(31{13 ié gut?jgcr%g(\f\jtgpor}l&%sg}iog ir%sizié ('r?}gg. bot h
cavity 22 by means of the pair of the upper and the lower punches 31, 32,
whereby the molded body can be obtained {molding step).

[0023]

In addition, close to an outer periphery of the die 2 there is provided a
magnetic field generating apparatus 4 so as to magnetically orient or align
the raw meal powder P inside the cavity 22. The magnetic field generating
apparatus 4 1s disposed symmetrically so as to sandwich the die 2 from both
sides and has a pair of yokes 41a, 41b which are made of a material high in
magnetic permeability such as carbon steel, mild steel, pure iron,
permendur, and the like. Both the yokes 41a, 41b have wound therearound
coils 42a, 42b. By energizing each of the coils 42a, 42b, static magnetic
field is generated in a direction X which is orthogonal to the pressurizing

direction (vertical direction Y), whereby the raw meal powder P filled in the



sides and has a pair of yokes 4la, 41b which are nmade of a
material high in nagnetic perneability such as carbon steel,
mld steel, pure iron, pernmendur, and the like. Both the yokes
41a, 41b have wound therearound coils 42a, 42b. By energi zing
each @ity maibdesorddacd.42b, static magnetic field is generated
ina direction X which is orthogonal to the pressurizing

di rect 'Ogﬁdverti cal direction Y), whereby the raw neal powder P

filled i h 9 i 22 . b i . 0024] . He h
Faw real Hiate 18 Sent Rl S i TRIsEHEST B PSR HEmerme |
ot herr weRds wdids F ey @?%1{@15{}9% g, BB, N&YGn |y A AR ASEE! rﬁﬁgsiti?n

conposition ratio, ere 1S manufactured first an alloy o

0. 05 Mitio; -th@rdd 18Mmb Aufagtiesd hiing awt4leg, of .05 1B Hp-OCRShinngn
met hod. On the other hand, there nmay be manufactured an all oy
of abpugnchingnmebhak 4.9, cbm castugamethed.i idn thetobher, hand, theserl |
amount of Cu, Zr, Dy, A],.or may_be added. at the tinme of

£ or mAAY ibrmATREIRCTER &l A ABRED APGPIG lrs%}té@v%l qasting
coars i ngding ogengri,hdi n LS,
subse%ﬁté}%tdl f’}ga s%ug?éléragrgo n&%ﬁ?ungﬁg“ hé?’ndg1 %@%ﬁb%ﬁﬁdbiiaﬁghe

grindiing ¢FtefAnLktdnt ' 04eR, ARSmAhTRRRRRHalloy REFBPet@PERICDIRE 2
raw nmeal powder of average particle size diameter of 2 10 pm

| n t hfsndiagéy knbwaulgnbrbgergmiedihgdtéepsaedinl oyedgudritdy, saeotedlto
powder P will be of angul ar particle shape. Therefore, the area
of orféne gripding byrigbruredns grindiag cHap ba mibtAEeD Bageatmefid el

cl earance anong.the raw neal ,powder P can,be nmade. snal |
Cooauerd RRing § rok Pl Bor R M aahed Pyl TH Sar T ALA ~
powd P mapuf.act d: E t al
Ponder? B TPOp AR A inSuRROty MORIR 1 oRHGRA] Int Nl Medr®
sur f aggvdelr P Reillr 8w ofesd gupovgertidle ishapé hubh@eftedihd tibed b€ one

| ubricant. As the lubricant, there is enployed a solid
| ubr i wastal Gractured quirther wbnibteamiadndergeg andwhe i carsintey aongshaot
to dar%gr%eg ]?owder P can be made small.

[0025]

In order to improve the flowability of the raw meal powder P
manufactured as above, there is added to the raw meal powder P a lubricant
1n a predetermined mixing ratio. The surface of the raw meal powder P is
thus coated with the lubricant. As the lubricant, there is employed a solid
lubricant or a liquid lubricant having low viscosity so as not to damage the
die assembly.

[0026]
As the solid lubricants, there can be listed lamellar compounds (MoSz,
WS, MoSe, graphite, BN, CFx, and the like), soft metal (Zn, Pb, and the
like), rigid materials (diamond powder, TiN powder, and the like), organic

polymers (PTEE based, aliphatic nylon based, higher aliphatic based, fatty

acid amide based, fatty acid ester based, metallic soap based, and the like).
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di e assenbly. [0026] As the solid lubricants, there can be
listed | anel | ar conpounds (McS2, W52, MSe, graphite, BN, CFx,
and the like), soft metal (zZn, Ph, and the 1like), rigid
material s (di anond powder, Ti N powder, and the |ike), organic

pol yngr $ (pPTﬁgllQ%eref@Hab]%h% '1§se”YmQ”stQ§§e&€’ cthyaBed 3hiiRhahiC

based, fatty acid am de based, fatty acid ester based
met al ﬂumosd&p) baasegheasnd t he | i ke). 10 It is particul ar| y
preferable to use zinc stearate, ethylene am de, and
f1 uor dii0B@] based grease. (00271 As the liquid |ubricants,

oon s casine g 1SRG SerCgame ‘liartkf'naﬁéava?%g%%%@a‘é’euﬁ
m ner gl,, t%iesm mcp%%ma&ﬁg?&agf pamﬂmﬁhﬁ ieEhie; deral

or gani c ow rm ecu materra rade at| Cc based,

| ow gdslmepétadlbuymamgé@ pased, and owegha@e drat bygaam do@an@Iecbﬁ$ed
and the |ike). is particularly preferabl e to use liquid

f at t ymatémials| |(]qun graflat Byiphetid bssedl , lawrgrddequlattyf Iamxdlen abersed
| ubricant. Liquid |ubri cants are used with surfact

b
di | ut josnexaderfatty acidesiter hagsdcan Qﬁphb@rd felsd@ﬁfléﬁka fm@ able

| ubrica hat msuns fte |nte rns. th coerc

for cegof1 ‘if% u?#af?ﬁ amfihell’qeufl‘grf%tSL %Cll §S T%%@rla %Equoune S%d
ol eClr@{calhel Qﬂhuﬁaiu%'ifcﬁhﬁfs In% faq Mt‘haéxﬁfatdﬂﬁlt’f &”B%@illutfoﬁ\%&ﬁf
in the sintering step. [002 In case a solid ricant is
addedsdlgerithe Tyl @rb@wregdhe m@mﬂéet o, the ld@iita .o thaety rdneain@ddtarn a
mxing ratio of 0.02 wt%- 0.5 % If the mxing ratio is

| ess :'elnémntg dewar,the h@eMll@anfﬁrN tof blfe theguat) oyTg‘éme?éallt is
powder

ori en?‘ﬁtf‘f \Mﬁ quﬁg% r&%gg" consﬁgsu& Mhtl‘?;%ghe FemeyRd

HEwiadle b sttt
[0028]

In case a solid lubricant is added to the gold raw meal powder P,
addition may be made in a mixing ratio of 0.02 wt% ~ 0.5 wt%. If the
mixing ratio is less than 0.02 wt%, the flowability of the alloy raw meal
powder P will not be improved and, consequently, the orientation will not be
improved. On the other hand, if the mixing ratio exceeds 0.1 wt%, the
coercive force lowers under the influence of the carbon residue content that
remains in the sintered magnet when the sintered magnet is obtained.
Further, in case a liquid lubricant is added to the raw meal powder P, it may
be added in a range of 0.05 wt% ~ 5 wt%. If the mixing ratio is less than
0.05 wt%, the flowability of the raw meal powder will not be improved and,
consequently, there is a possibility that the orientation will not be improved.
On the other hand, if the mixing ratio exceeds 5 wt%, the coercive force

lowers under the influence of the carbon residue content that remains in the

sintered magnet when the sintered magnet is obtained. By the way, as the
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remains in the sintered magnet when the sintered nmagnet is
obtained. Further, in case a liquid lubricant is added to the
raw neal powder P, it nay be added in a range of 0.05 wt% - 5
w% If the mixing ratiois less than_ 0.05 W% the

f 1 owndbpbrirantsoif boretheaslidabripovicerd tielliqundiulyecanggre eddeda ibe
cons ently, there.is a possibility that .the orientatio bl
o BUbTRRS S Biddln 3 Bcle peaky ottt o aRe S e e gRer
exce %, ' - ] . i f nce
o 1 R B b L e P L B b e
magnet{0og#®h t he sintered magnet is obtained. By the way, as the
11 lubricants, if both the solid |ubricant and the |iquid

| ubri cantFuatkerathdechmmicesion nipddiogrmhachand | 1ppravidbsl yithmressng o

every corner of the raw neal powder P and, due to higher
| ubr 'B&315g vehichds ,m%‘“’m‘"gﬁ‘é‘fm@r 2BAt A HOBAEDBEABTY a8 that,

[ 0029],. Furt her .t c essi.on ldi-n chine.1 i rovj ded
bt AesdeAEE olied ne BIRRCER R RUELNE cPRAERIith Wb WA,
the cavdey I?%oﬁ@iﬁihﬁtbher@iﬁtt% 188MkAgsT bhd i N8 %Vé&xﬂém%gsion
i.e., the filling chanber, with the raw neal powder

cont anolidivgz bherpainot the dpplar inadnswer puntthes i3dy 32 Gnoldéng stepl,edsi on
nmol ding by a pair of the upper and | ower punches 31, 32

(ol diaMgmeabpywdenB capd erieiited sarntapor stepden dhe apagnstic field

i entat| t inth tic field . while k di.ng th
Faw RESHC BORREPE Bhe Y BTG 250 1 Gl 22e A Neon MhRG
aw niedH® BORRIEPE £ ¥ ; el f fch " ¥
cner g1 e Bkl () 5, BAREATAESR 158 PR RN fy Fherdhng

genergich R tlangalisa2ds4%s of hedsidnede f&h@@éhdl‘ﬂtiﬁ%gppgl;athbﬂ.
pressing neans 5 is nade up of a stationary rane 51; and a
liftid§080kne 53 which is suspended by the stationary frane 51
t hrough guide rods 52 so as to. be novable up and down, and
which is A%&PM B g thdhe dresseng meaps & sgnaderia oft astamnayy

e T S e S
couplBdiHBuihguidd Fddadsd 8B t8de Mbvile ipUgndQown, and which is
movable in the vertical direction. The stationary frame 51 has mounted
thereon a cylinder 54, and a piston rod 54a which is elongated downward
from the cylinder 54 is coupled to the lifting frame 53. It is thus so
arranged that the lifting frame 53 is moved vertically by the cylinder 54.
On the lower surface of the lifting frame 53 there is formed a guide rail 55
which is elongated in a direction orthogonal to the direction of movement of
the piston rod 54a. The guide rail 55 is provided with a movable frame 586.
[0031]
The movable frame 56 has connected thereto a pressing member 57 in
a manner to extend in the vertical direction Y. The pressing member 57 is
a solid pyramid member which is made of a non-magnetic material such as

an engineering plastic like polyether ether ketone (PEEK), nylon and the
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arranged that the lifting frane 53 is noved vertically by the
cylinder 54. On the lower surface of the lifting frame 53
there is formed a guide rail 55 which is elongated in a

di rection orthogonal to the direction of npvenent of the

pi st oike onds gxch melﬁﬁu ér@nr-iaﬁa 9%14 angythoi ey whecRrHingoipa ke

frame 56n {% 31%“% w 56 has conn@((:i 1%“'% hertgmg a
press?%@ HERBE fﬂ” @e ﬁﬁeﬁe{o é%?b#ﬁ PIEVERE S &0 &Y

di r eCliisQicie twﬂgn@drd%a% NYe rmsr[_i?&&m%m%an%é&lewgnﬂ%w@m]dgeaﬁﬁger
which is na a non- magnet

mat eri al such

engi néeturbed duasthi alHebike diahy atahemeal hewd&kePonthd PisK)sectioHadn
and the 12 like; and such as 18-8 stainless steel; and the
| i ke.ardgcdrdienpresgnghnember bangeyere smakier than ﬁb@kzr%@m@nomlcan

b f i ff I ded
PeghGra 0t e coahy B2t Shaind Zﬁfreﬁ%@hﬁﬁ%ﬂy clégraneesan bedowmed o
adhest&e%e% tht:'q«vn%l?vgug@@és BP ee rczal 1]t¥ ﬁicg %ﬁ? Zggstlﬁg r}f%mbﬂr g4 of

the pressin Cross-secti onal

ar ea \Qﬁeﬁ h;%ecr?éﬂ tMea’AZpé@dérh@t 1@ p@éﬁ,@stw rfh@e@kegélﬁgr RREMes BT be
formed between the wall surfaces of the cavity 22 and the

pr essHogeventakingd the mbldclabﬂhg in@veonsaler o &ris Breferarle ss et thy
the pressing nmenber 57. However, taking the workability into
consi Qi@srsa%eicgﬁnah @rqasofﬁhefmpa%n@ rpembest 5 Iﬁ‘é ab@woé@ 3 déth XM&IIH
area to_abo u 1/.16

thi s Bintaralino Be TrgD. aPvebveiarnuntst mEEPob e Setithenal
area \9f s§1H? m(ﬂﬁﬁtﬁsﬁ’pg JEBTDE2 SXlihle %:ug%tsettﬁoryl%r% of B% cavity 22,
cross-sectronal area of the cavit I's necessary to

det erigiig@ctdteasi reds@rhiat L%hﬁz@%e&ﬁhﬂ%d@@ﬁngﬂﬁems 57ndiies
contact the wall surfaces which define the cavity 22. In
addi tiasreonisteh plee woll smh@cc;ﬂ‘ebsrhr@fmertbeucaﬁgy %y Ibleachhbpmsehamby

sel ected dependin ectional, shap the cayity
2. UM eSThE HeBher Sy ener IR .Sﬁlgcwa Pndinican e

Pt ARG fofl 895,87 c R 99 SEALANE A iy, B g
or t hqgesahg e ha Wsl@du Fief&abilyoBhe of atmﬁq@éleﬁﬁjéwemﬁmrwmh
1s inclined toward the axial front side rather than a plane that is simply
orthogonal to the axial direction of the pressing member 57.
[0032]

The stationary frame 51 is mounted on two guide rails 58 which are
elongated in a direction orthogonal Lo the pressurizing direction Y. By
causing the pressing means 5 to slide along the guide rails 58, the pressing
means 5 becomes movable toward, and away from, the cavity 22. In this
case, the supply apparatus may also be mounted on the same guide rails 58
so as to be movable toward, and away from, the cavity 22. Once the
pressing means 1s stopped by a stopper (not illustrated) provided on the

guide rails 58, the pressing member 53 is positioned so as to be able to apply

a pressing force to about one half of the region of the cavity 22.
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(00321 The stationary frame 51 is nounted on two guide rails
58 which are elongated in a direction orthogonal to the
pressurizing direction Y. By causing the pressing neans 5 to
sl ide ,al the guide rails 58, the pressing neans 5 becones
nnvabﬂ@oggﬁard, and away from the cavity 22. In this case,

h | | ) Sn It
) 2“0 AR S STR R oo B R R R el

rails 58 "7so to € ca

22. (Qg&hihBa mBY ¢3Sk Bk [BRGSE 8rriahePRest. bYn 3tRiOReRNs, {H0fuide
illustrated) provided on the guide rails 58, the pressing

nmenbeandb3 7i arepusvidedmath achastet an kercabiabld maapet. y Wherptlessimg
force to about one half of the region of the cavity 22. 13
[ 0033nealapewideigh Wotnaadpddiyr apBying the arpsvasdoses fRaagto by the

i. | di hi 1 h t he .f ol.],owi
ComprSeshon RLLDG;TREDLc, T ey S oM Bkt by s
ith Foi R -
U1 ol B 0L LA ATROBBE, B Lhgu I ER) sl

pr es sicwdieERgiretehted ROMUBNREH g SYlfsBEE tOfhe digsida\of the SdifyS22.
closed by the shutter so that, while the raw neal powder is
bei ng [RA84Hed, the raw meal powder P is prevented fromgetting

spl ashed to the oujside of the cavity 22. [0034] Now, wth
ref er encé¥ew ‘F1t5§f3}eieltcﬁrtedgﬁs-61, thiowgl 6+ # gescsiptign whgée mede %br

t he nuf act Wring of .t he .Nd+Fe based .si nt ered magnet. _
acoorBengansris g of YBF R, Bed2f RreEid SaRBrL ik olat ng
machime, bimiddimbnt LERP tHeN& 983080 RYnRaR & h2Rhidd Yhi PRsd Heom
upper surfaces of the die 2 and the lower punch 31. are

r espetkisvehd b Ipasitioniit kvidels hhotupper, swatutes bf e dib 2 fed tpplwer
punch 32 is in the ut)per end (see Fig. 1), the hydraulic

cyl i noechi 81 aperasneglively flush witheeagheother,oandién prlighttbe money

post{Aom, 4RSS AL D e LY, 22 LS bt b ough
T usnal e diel D' (Y 08akr RS osRidn #he BBy aBESH VB ARGy LD
inside the through hole 21. Then, by means of the powder feeding
apparatus (not illustrated), the raw meal powder P that has been weighed in
advance and that has added thereto a lubricant in a predetermined mixing

ratio is filled into the cavity 22, The powder feeding apparatus is then
retreated. In this case, the density of filling the raw meal powder P in the
cavity 22 1s set to be in the range of 10 ~ 30% of the volume of the cavity 22

in order to leave freedom of movement of the raw meal powder P (sec Fig. 2).

[0035]

Then, the pressing means 5 is positioned above the cavity 22 such that

the pressing member occupies the left half of the cavity 22 (see Figs. 2 and

3). When the cylinder 54 is operated to thereby lower the piston rod 54a,

the lifting frame 53 is lowered, so that the pressing member 57 comes into

surface contact with the raw meal powder P in substantially half the region
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advance and that has added thereto a lubricant in a
predetermned mxing ratiois filled into the cavity 22. The
powder feeding apparatus is then retreated. In this case, the

densigf¥h@tadity b iebet NG, ﬁgw. medl chR QUHRY tiRel thd fRls SLRAYUDY oR2hd S
set to be in the rangé of 1.0 - 30% of the volunme of the cavity

22  imapicderfidld gkrervangrappdoaueld amevwhaegdd withtdhectriaty, eealreby
powder P (see Fig. 2). [0035] Then, the pressing nmeans 5 is
posi t4 wAatetabbeld 18 Renaratad: y Indhisiwebe, tihatdertthobpria ashigh omgpaser
occupies the left half of the cavity 22 (see H gs and .3).
Uhen CrRBUET. e PRPTRLR e aroa s WeHaE BB e BT e Th sinth

r od i fti e I L (§0. ¢ t i ng
rrenbgég?f %Q-Frrtéﬂse liaﬁllgggf gsta?l ac%&(?(lt)ﬁtfiéagq\@{m@? H{Ctﬁ‘he 1? g{vgeﬁggﬁf&%g er

P incsotskants glkdos. haf fhetif€eds@@i dthe ta@etic R4 2y bélyw 221 kSee
Fig. 4(a)). At the sane tinme, the coils 42a, 42b of the

magnehe semidindshgpdnerduitng laphbarantstich ané hoglangpedent phoperties
el ectrici tg, whereby_ a magnetic field is generated. In this
case,capRoiobeidhtaingdopilaihg 1aterisy obtheymegnetds gk igwEreater than 10

pr ef erabl Q carry out pr.essing (urging) with the pressing
maang‘(ge’itﬁe %H‘éa(ﬁg% 8°°6rfess({1§\fciult‘ magnetic field of 0.1 kCe - 10
kCe, ppetgrably of 0.5 kGe - 6 kCe. If the intensity of the
magnetic field is below 0.1 kOGe, the sem -finished product of
hi gh ori eSubtéquiantdpdwhigrtheelgfelz frapreop®ri§ ifasthee dowededbgy the
obtained. If the intensity of the magnetic field is greater

t han pigon k@@ S4a Hbelnessthamebdes S8 ds firedd wip the foozenl powder P.
Subsequent | vy, en the lifti frame .53 is furfher |owered. by
the. T B o the s ecdahsg fepom STOIs | Sheb @ RAd'Y he
raw er n thi a r £sSi obd
TRt RIS ek {6 18RS uak 8 B S350 LB Uyl
O elg@nd 57 TAYiPEted0nafHeaRI8HnE MBRtectiDg IRT£ERLWE mEBRAS Bhct S
vibrated in the pressing direction in a known nethod. Once the
pr esshagresmgpemebiber $7fipfaxeed intd shé haw mavalpesidep dwler rawy ntelaé

raw nmeal, powder P will be displaced into the clearance between
the PP¥Esr hgWHbphaisplaced 1nto the clearance between the pressing member

57 and the inner wall surfaces of the cavily 22, because the area of contact
surface of the pressing member 57 and the raw meal powder P is only half
the cross-sectional area of the cavity 22 (see Fig. 4(b) and Fig. 4(c})). Then,
after having moved the pressing member 57 just before the position in
which the pressing member 57 comes into contact with the lower punch 31
(see Fig. 4(c)), the lifting frame 53 is once lifted to return the pressing
member 57 to a predetermined position in height.
(0037}

Then, the movable frame 56 is moved to align in position so that the
pressing member 57 is positioned in the right half of the cavity 22 (see Fig.
4(d)). During this operation, the electric charging to the coils 42a, 42b of

the magnetic field generating apparatus is not stopped. Then, the cylinder
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57 and the inner wall surfaces of the cavity 22, because the
area of contact surface of the pressing nenber 57 and the raw
nmeal powder P is only half the cross-sectional area of the
cavity 22 (see Fig. 4(b) and Fig. 4(c)). Then, after having
novedb4 ke operasel ng thereberlod?r jthetpibehored 4w spasiat itbe rimssindi ch
the pressin er 57 cones intop cont acgwth t he | r nch
31 (Taewb ﬁ% lm%b eyimffhéheﬁaf% gt P%ﬁ#tr% ep Figre) wﬁéﬁé&j‘f
retur the essi r.57.1 eterm n
et g oS BhE iR et € B LB L SR B Sthen”
posi t(bﬂ@nﬁﬁ’g%f&??}. the pressing nmenber 57 is positioned in the
right half of e cavity 22 (see Fig. 4(d)). During this

oper at{0088] t he el ectric charging to the coils 42a, 42b of the

magneti c f| el d generating apparatus is not stopped. Then, the
cyli nder Asl& ke icanspéioankbdxampiehas dbscribedeabovhedespiteother fagt 54a

0 s S S o TERBST v o o) SR Bt Bkt
oper ac"a Q'E‘k?e thyﬁtsgl ?Pa(%gxgx%g 1sfu?i/‘§§é‘s bf @%%@f %QP? Wapos %d%ﬁmﬁlg 'E%§h

(ori en e ‘convent ) onal

descrdth&dlmﬁyanageeml &ﬁertcaaoﬁada&eafohaés EhewiiRrrig @ie as em
applied by the upper punch or the |ower punch, in case the

crystealncideastith ede sandthepslaiatie remainseanopgvitier reBpentjvei riwg
each other jn _the nmagnetic orientatjon di rectl on as. shown in

Fi g. mea)panslesdt  Asor Aeswle Weeawomeahpowdar D depeaphaban rlér?h?ns
th wder P,

ool bt BRATAGST b B o o R R P sisip Mo BE R ke A

di reghiOfatd khé BReAATRNHES: I'lﬂ?.ﬁnr@ls&élﬁg '@a@ﬁé&t‘h‘%@ HAWK %&01({1 %S

state, the orientation w ein |sor t he ot hand,

accortdith erlindiiest, ahbbdhdmgtof thé ga il ﬁh@t <hfavé heerparidel ieindsd
t hat have been once bonded when the nmagnetic field is charged
wi || e tlve magne e flieldimdchdreed axlrhsapncepoviadt, amdwiliel raye mea

ori er;)toﬁ%eW%l wﬁl eeéltltlallr] gd wmeﬁadgei\z(gtllng kE]died mntﬁ: Ing:agfnleef\llcqlelfs ﬁs a
result, the positional relationship among the particles of the raw meal
powder P in the cavity 22 varies from the state in which it was inmtially
filled into the cavity 22. There will thus be more chances for the crystal
fractured surfaces of the raw meal powder P having more equal crystal
orientation relationship to get combined. Once the crystal fractured
surfaces of the raw meal powder P having more equal crystal orientation
relationship get bonded, there will be formed a firm bonding chain.
Accordingly, as shown in Fig. 5(b), the crystal fractured surfaces get bonded
without clearance in the magnetic orienlation direction just in a manner to
form a bar shape, thereby aligning in the magnetic orientation direction.

[0039]
Then, once the orientation step has been finished, the pressing means

b 1s retrieved. In this case, the electric power supply to the coils 42a, 42b
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result, the positional relationship anong the particles of the
raw nmeal powder P in the cavity 22 varies fromthe state in
which it was initially filled into the cavity 22. There w ||

t hus be nore chances for the crystal fractured surfaces of the
aw el s dstopRdnarngioibie Wil timybst weres bore thonpper
relation p. to get, conb ned Once he crystal fractured

Gur Fdegeh i gs g A rh pBGERTA AR oA yRRs BA of Lpe

Or ! Okl Aflon A ALRORGIN B AakaRONIGHiH BEL Gnddohic iy AL TRfh 2

firm chain cor Y, ovvnl

cr ystcalalgerdaqhblr@ehp&b@sﬂﬁp%olaﬁ\tg B Kk GawWreRP Wowdk £ aNGearted t he
magnetl c orientation direction J ust in a manner to forma bar

shapepsitdhehebyvigl 22by npane of be: paigoéthiccugrer emiddbwenpdinahestilon.

[ 0039] Then, once the orientation step has been finished, the
pr essitng r]f\f}a‘ﬁ%CtUS sugplyetor theyels 494, t4ﬁgslsc§é<§§30dt4féme4' é%ﬁslelq,f
ower_s the c 42a, 42b 16 will, not ed. The
e rAEIRtf, Sig ot aRisodiateo bRreFrial pHAMH BERAE SURERC | <
| 1S enheeh B Och iR RN, NTifalfdhy [ AM AN, HARGE B Eﬁet. .

the “penetration oIe d |nasta cht

fi el unghlB2 foGradhadloeduct ke Qﬁdéﬁﬁﬁs%hé)ﬂoxﬂpfdibl@g lﬁcﬁldtrf'g&stb]’al\i\s
meal powder P is started inside the cavity 22 by neans of the

pai r fofishddetoghpeaby dowin laoweldep bady &6 (BaldingBstep)Thdlcedrdeng facthis
supply to the coils 42a, 42b is stop after alaq’H g}l
pred@tré‘?'rfﬁeﬁéed“t‘ioﬁ‘é)w?%oq RiOsIEE 3t %alék?ﬁﬁﬁ‘éé%ﬁéﬁatﬁdﬂ gl © ¥aye
maxi | t e F|

e A ARARE Y oRaSE B e A5 el DLt s,

pres Sﬁ'ﬁ@wtfc%x&@ﬁ'ﬂ%x?ﬁﬁb@ﬁorﬁ%&'1Hga flo@Rel o fiSl'n‘i"aSlB‘ﬁdsHa?)et\DEﬂ@by
form a nol ded body M (nol ding step). According to this

ar r argengeatignabimpiies siagnenvlcliengaticn dacctied dlieréforq thtet ean n
which the raw neal powder P is bonded w thout clearance on the

f r acthgr eifarneds adegh- riﬁmtlne mqiﬁ‘ghé@dsc M pereandnd imagnase t7igh jisist
LA REL L O TR
iogt alfech i 8 880 Bhdr¥ofBld8sh ARV (Permanent magnet) which
[0040]
As described hereinabove, by carrying out the compression molding in
a state in which the crystal fracturcd surfaces are bonded without clearance
in the magnetic ortentation direction, there can be obtained a high-density
molded body M1 which is free from turbulence in orientation. As a result,
the molded body increases in strength and can lower the rate of occurrence
of defects, and a molded body M1 of high magnetic properties (permanent
magnet) can be obtained. In this case, if a resin binder is mixed in the raw
meal powder P to be filled into the cavity 22, there can be obtained a
rare-earth group bonded magnet (molded body) of high magnetic properties.
[0041]

The molding pressure in the molding step is set to a range of 0.1 ~ 2.0
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free fromturbul ence or disorder in orientation and is of high
density. The nmagnetic properties thereof are al so inproved.
(0040] As described herei nabove, by carrying out the
conpriéss), aroragireienably o 02 stlaf ¢/cmi. WAL embldeng pyestate alaw t0uk ed
surfaces are bonded vvithout clearance in the magnetic

or i ert{®y &he motded: hogdy, O@ﬁ@%p@awbaeswfﬁ%nhémag ghoyexample.

20 et anhed Bodiihilht BagFachelabl BNeEPital OCrskﬁY? e
the rc%}rﬂJr dsiff G di Clﬁach‘?% e dehRGhe 'otl?é}dhﬁmlt%eﬂxohﬂﬂé‘ MssQbe

hi gh magnetic properties (permanent nagnet) can be obtal ned.

I'n t hixgeckidng 2.0 forg?, AR nidldorpriessuie &l bempbhied tavhe r@ameal
powder P to be filled into the cavity 22, there can be obtained

a ragroevdeartt msyleothe woriel?, megyleng (ol }d?@dlbﬂddyt}labthmi@&dmg 18

magneti ¢ ert X0041] The nol dipg p n, the
gﬁ) i ea‘et‘b”%{‘tﬁag%@és &Ptmrcﬂfrza@ﬁ asp fﬁw&&be I%lﬁ%d

nol di%g"

pr ef c in e 1
t/cng)roap ){VGS’C%I'S%técbmdygf:)iltx 159’5%10 I]? gglst%a glu Lllmggh S g%?h.
For edmheshe (idedinp! deg @%y tw Iralqge fof e k@eed JM&Wel U I She
taken out of the cavity 22 of th conpressi on nol di ng machi ne.
On t heagidigr hdldndrerath as madenghm éske etheex cemthtng: ahi@idedCnR,

a high nmolding pressure will be applied to the raw nmeal powder

P i ngnelded odyaeh highoorientadiont armc!; high anwyaé,i<:bpquppyt1618ha10rt ﬁbe

| di d out | t at
Tra” it Baal shuRhoRaeertn R Grudel s derdich 1591 '3y kpe’
CraC'&hQQmet c"fie@&'%bﬁéx%ngta%ﬁa%thgﬁgf @e‘%%eﬂi%&g%' actl Idin the

nol di ng” step 1s set ange o t he
magnet{nog4d) el d strength is smaller than 5 kCe, there cannot be
obtained a nol ded body of hi orientation and hi gh nmagnetic
properti é%xenmftehéem@gmtzahiang)y applyihg remgsemiagnéiiefiddsifr eggt h

w11 BB oy 4 Bareprade thafowqumsbend. The molded Bodf BEGR"
the cavity 22 will then be protruded from the upper surface and, after lifting
the die base 16 so as to move the upper punch 32 to the elevated end, the
molded body is taken out. Finally, the obtained molded body 1s contained
in a sintering furnace (not illustrated) to sinter it e.g., in an Ar atmosphere,
for a predetermined period of time at a predetermined temperature (1000°C)
(sintering step), and is further subjected to aging processing in an Ar
atmosphere for a predetermined period of time at a predetermined
temperature (500°C) to thereby obtain a sintered magnet (Nd-Fe-B based
sintered magnet).
[0043]

Now, with reference to Fig. 7, a description will now be made of a

compression molding machine 10 which is suitable for manufacturing a

rare-earth permanent magnet, particularly Nd-Fe-B based sintered magnet,
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Then, after demagnetization by applying reverse magnetic field
of, e.g., 3 kCe, the die 2 is lowered to the | owernost. end.
The nol ded body Min the cavity 22 will then be protruded from
t he upper surface and, after lifting the die base 16 so as to
nove adqerdipperc pusectnB2nilmdimeneloéviatse dnvemdiont hd hemodroed ssionly
is taken out. Finall t he obt ai ned nol ded body is contai ne

in a @P’rﬁlégilﬁgchlﬂﬁnh%e‘s( bt ithe wer freqyrrydiesiont ethej meghegt ofj

A t h f d d of t t
Sr”edre@pﬁf% Wb Eni cAve etone it RRSPEREh off ¥ antienie!
f“” &Whﬁg Sg) t%agh;},@h RhOCES S o ?1 séhmﬂ&”?sm%éﬁnéor

d “pe of t det e

a pre etermn riod Ime at a pre rm ned t enperat Ure

( 500Qir¢@idnh ¢y @ltogdbbBidtha mhiaticatiomgnat dirbetideaBd hasadase
sintered magnet). (0043) Now, wth reference to Fig. 7, a
descrplptd 320 wiidh iaswpbertedie Jeg piacescHfpr dbsvo thanbsdimatert2hisne

10 which i it or nuf acturin e-earth permanent
magn 18}3%&3@ lé‘lm 25 IIEJ LR oSSl by @dgf\ﬁ higt ¢ of jgpporting
accor d n nent. of n ,

conpr hdRgn 187 59%3 ROSTEH B G2k BHBA 2 o805 epf,
out télfchr@tah@gupgmmﬂgwr@%ymm éonslea%\éeeo%wglp@ﬁ@ 1f4nrv51tuch
enbodi nent, of a uniaxial pressurizing type in which

di r eciki p:rﬁvldfcd ebss thid ZadegplXtd pR@sS SThegcoughlingailaten) 40 & cmhhlaagdnal
to the magnetic orientation direction, and has a base plate
120 viiei @:Idrivsng mepoe sach by 4 eyinslesced 1600f aAbMdEﬁLtlhel}’baé@ pf at e

120 is disposed a die 20. ‘hed|e§0|ssu port ed )
pl ur a‘f‘i‘ot“i/“o 8PP ng ACEB AU SIO1 36 AT E AR e5EhEtly a?lé ?Wﬁﬂﬁﬁ

the b\?ﬁﬁ&%l&)artﬁe 180y lg)gﬁtaﬁllp% hr(?(rfelq &)f the?ag] 1%5!8 tlﬂ c%ﬁfﬂ%’é&ﬂfﬂ:g

col ums i's” coupl oup ing plra

provi pgdvdielaly, tthe diase etahes hoddabld e m@FpéqlqaﬁzmgadlaecMQ Y s

connected to a driving means such as a cylinder rod 150 of a
hydr aud.j i@ thylvientdkead dofctaon kaesen imoliigt T.ucti on. According to this
arrangenent, by operating vertically the |ower hydraulic

cyl i nd@P4¢b t hereby move the coupling plate

In substantially the central part of the die 20, there 1s formed a
through hole 210 in the vertical direction. Into the through hole 210 there
can be inserted, from a lower side, a lower punch 310 which is vertically
disposed in substantially the central portion on the upper surface of the
base plate 120 in a manner to extend upward. When the lower hydraulic
cylinder is operated to lower the die 20, the lower punch 310 is inserted into
the through hole 210, whereby a cavity (filling chamber} 220 is defined
inside the through hole 210. The cross-sectional shape of the through hole
210 (cavity 220) is appropriately selected from a circular shape, rectangular
shape, and the like depending on the shape of the sintered magnet that is
going to be molded from now on. In the second embodiment, since a
sintered magnet of rectangular parallelepiped is going to be manufactured,

the cross-sectional shape 1s also molded into a rectangular shape.
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140 vertically, the die 20 becones noveable in the pressurizing
direction Y, 1i.e., in the vertical direction as seen in Fig.

7. [0044] In substantially the central part of the die 20,

t here [i0g46prmed a through hole 210 in the vertical direction.
Into the through hole 210 there can be inserted, froma | ower
si de, a |Adwee tgmdtﬁﬁ@n_lmwfiﬂ disposedaetie basd 160 irdd sppamer td he

substantially the central portion on the u r surface of the
base (HPABKe Ot & PR 2P 1 Beadowiey su%a\%ﬁ@f%mﬂweleﬁ%%@fe
hydr ayl i c. . i N e : o j . | ower
puncr iy kh 88h hin AP ATE o b Wt Pk Br Fiter il |
cavi tghetddfhhtonde chamP L. Zl%oaddfi;ti&ﬁfih@EQcoﬂneﬁh&%iotnlﬁ%fHﬁH@i‘égh
hol e 210. The cross-sectional shape of the through hole 210

(cavibase2B0)theie apdonped tHrehgh beleedt etk fartionkdiciatioul aEashape,
rectangul ar shape, and the |i ke depending on the shape of the

si nt ethedhrugiciolehbas panetypdththaretiyeustbh gadrer rodr owesnd afn t he

RIS BT P en SR e ad U PRI SR
SeGLi 96 ' - jat | .

o COMIEE™ PP RE S BBy P A B R SV AR B BIEGS,

a nangfer hjdralliecHpRei(he illQstrhgdpase kpbwh @oAdBucton. a Wipsethis
surface of the die base 160 there is provided an upper punch
320 ihydrapbsistlinsier whopdratdd, Gwsdit drsé hE@ bedomes radnebéovelitisadyt he
cavity 2@? I.n adgiti(ﬁ)n in the corner portions of the die
base B8ed hethe gnde redsbt) 2nd. Sopteanenidy the upRer Rkl 320

di ion. h, of. h h h .hol h
* her P B A pindhy Sat irE HaRE Bt BRS¢ an
upperths»w%}ame of ptohendilg 240 A-Egorﬁ{hgutBRﬁFS é@éﬁ%ééﬁex&f al DR tiffle®

base 160 there is connected a driving neans s as a cylinder

rod 18GomopteszidnydoRiuhg che yhwnser] povder Plik webjeate@d) caxhpeskipawn
construction. Wien this hydraulic Cf{l inder is ogerat ed, the
di e basderbo ciyabnisl bymesps of ther pdic af the unper dad thy lawse gui de

rods plu7n9:hgsn glOCS%BS\ev le'elree%tyl the ngoqgecp gg(ﬁ’rca% necé]atglzn%d.
[0046]

In addition, in an outer periphery of the die 20 there 1s provided a
magnetic field generating apparatus 4 for charging the magnetic field at the
time of orienting the raw meal powder P while it is kneaded inside a bag
body (to be described hereinafter), and also at the time of molding the raw
meal powder P inside the cavity 220. Since the magnetic field generating
apparatus 4 is used in connection with the above-described compression
molding machine 1, a detailed description thereof is omitted here. In
addition, since the raw meal powder P that is similar to the one referred to
in the above-described first embodiment can be used, a detailed description
thereof is also omitted here.

{0047}
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beconmes novable in the vertical direction so as to be inserted
into the through hole 210 of the die 20. According to this
arrangenent, at the time of conpression nolding, the raw neal
powder P is subjected to conpression inside the cavity 220 by
means of Thee cpmiressiont meldippenachide tifeid pweidedywithesksaaling?20,

wher eby the mol ded bod be obtajned. (00461 In additjon,
' a0 B TSHERE (e 1eRomap CoORT LSS dniprig e poay B b7
icqfield i tus 4 for charging the magneti
1 o1 it IRESHnch? RPN BB e RO KB ASERRN L ©
I's kneaggthdr Nl e nRvERIE bR/ §GtREN dﬁ%ﬁz{debiﬁ%ve\i\%‘g%id&@ft&el?)&de

and also at the tinme of nolding the raw  neal powder P insi

t he CBWwd kyea2Rfly mBans 60 thhae armgpeitingg frapled 1§enFhatsupgortimgdeams us
4 is used in connection with the above-described conpression
nol di P hecmonated, therepor aiplwglige ot exlptdedn 52herBagh ofpisientnodd

e B P PR Tt T BRI P B TR
con g% gL P ST P A RaA DERCAED

W th falideddi Men MRGNS:Ohdtefiakneadi ReeddiBg avaEah PanvdRo P
filled into the bag body B by kneading it in the nagnetic

fi el dramhe bkdieatilhgvimeans SQspaided pyoypisted rods ad4Genmdendiogbe
novabl e back and forth in a space above the cavity 220. @ The
kneadd ¥y wadgom othacyindessAOmpgnied ape hs sopromiedtpe PP ng
frame E&g has nounted thereon a plurality of cylinders 520.
Each P P 1ston rods 520a which extend downward from each of

the cylinger $.,320Lb88 5§bti§<-‘d|’f¢9 gqm%r glem%ap%@sg e»&igrgstgb Nebper

means) 530 which is of a cylindrical nenber na

non- nagfietileftrapbar i §he iMha KdeadifagesHanso{Sefasmad sacka thitr ane

body 550 which is suspended by piston rods 540a extendi ng

downwdktklfty orh phepoey broderanssagl depressidnonare hepetpbor@n rige

franeotﬁélohand, 1n the 1nner central portion of the bottom plate of the frame
body 550, there is formed a projected portion or bump 550a. The frame
body 550 contains therein a bag body B into which is filled the
above-described raw meal powder P that has been weighed in advance.
The bag body B is made of a deformable material such as rubber, clastomer,
polyethylene, vinyl, and the like. After having contained the bag body B
inside frame body 550, each of the cylinders 520 is operated simultaneously
or with time difference. Then, a local pressing force 1s applied to the bag
body B by each of the pushers 530. At this time, the bag body B is
expanded at the lower center around the bump 550a and the side portions
are deformed so as to intrude into the recessed portions on the side surfaces.
As a result, the raw meal powder P inside the bag body B comes to be
kneaded.

[0049]
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(0048] The frane body 550 is of a square columar shape with
the upper surface left open. The inner side surfaces thereof
are fornmed such that a pl uraIity of continuous projections and

depr essi ags eat t th d, i.-n the in

central q&ﬁb' r%? éﬁgﬁtfﬁh? q&%g &%F ?PPaﬂQrmW' H§§6°f

t her 1H?ﬁjg I 0 T f
bodye%lggu%ght al n?f ?ﬁtde)lfg%%gs‘gg&% d Fna?llr?tgg ag%?%hlgl ) fal %Cléggdt he

abovasqﬁmﬁmlebedxsrm/t}ﬁmabo@om@nb& tcbﬁltm sxsorDemidingi rghedné nio.
advance. The ba% body B is nmade of a deformable material such
as r ublyst; in alstast mosmogiorly'elt bly Klehupperi swfaceapltheifee L Rad thet er

havi cont ai n the

si de ,frane 550, each of
O M tgoeagtlrﬁtﬂtaﬁeeugvthg 36 pwet pRach

body SRDGnosieRa B LACRbod! GRELAO iR 7F e 1RBAIGEINE RS 88 1699
i's %saémacthetpotmt bmrtm@m;w 2200 U Hi &1 @ U B da,rmihtabe

side portions are defornmed so as to intrude into the recessed
por t i dreadynbdehefildédderidutiearsys matéeahPridatlvas ¢highediin rmdahnce,

powder P inside the bag body B cones to be kneaded. (0049] 21
W t h gk eredagebady &ﬂ@gontalrteﬁrmabﬁ freme hodye84.i Jthedling|densiswy be

necordritg o bas et tﬁ%b%"g.{%@ob?% S GoteRReLap e
COMPI 58100 L e SRS B0 ol 3h Ihih. R REARIDYEOOR:H "

i n whi e upper sur dle | ower punch

310 anevdrhérghhfwhi ha@&ﬁéhl@i’ohﬂét BndTh@ viltinedoft he bdppedy BuheHng 320
is positioned in the upper end (see Fig. 7), the kneading nmeans
50 i dilledpttedeinowithethporaw onmead ppralet R i &vf ttq/ a2emge Af 3thi-s8Q% ne,

the ba body y been filled with the raw naterial P
that éﬁ%dall ﬁ"’a@fr\f'g‘ﬁg‘@me botty %%% bag body B is contai ned
in thqob body 550. The filling density inside the bag body
B of the” r w nmeal powder P is set to a range of 15 - 55%

Then, the coils 42a, 42b of the magnetic field generating apparatus 4
are charged with electricity to thereby apply the magnetic field. 1In this
case, in order to obtain high orientation, it is preferable to carry out
kneading by the kneading apparatus §{(kneading means 50) in a magnetic

field in a range of 0.1 kOe ~ 10 kQe, preferably of 0.5 kOe ~ 6 kOe. If the

magnetic field is less than 0.1 kOe, it is not possible to obtain a sintered
magnet having high orientation and high magnetic properties. If the
intensity of the magnetic field is greater than 10 kOe, the kneading becomes
difficult. Then, in a state in which the magnetic field is being applied, each
of the cylinders 520 is operated simultaneously or with a time difference,
thereby locally applying a pressing force by each of the pushers 530 to the
bag body B {orienting step: see Fig. 9).

[0051]

As described above, in the conventional example, even if vibrations
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of the volunme of the bag body B in order to | eave a degree of
freedom of novenent of the raw neal powder P. The vol une of
the bag body B having filled therein with the raw neal powder

P is w&k th®edphBEYBy She ﬁgp er P o €haldwe? u@ich N@eYOwWUDEeRbint he
frame body 558 [00%0] hen, the coils 42a, 42b of the

magnet tleafanet dmgepehat a\mgn@;bpawdemE id casarthe &hﬁtgﬁdamtdﬂ

electricity to thereby apply the nagnetlc field. In this . case,
in orsaefiacew%@aiahtlﬂp@ﬁf dyeirant mealorowder B adipinaneeonganother idar ry

i o RSP B TSR 05 PR B4R o S5DA3 AL IRAT £50)
pref grabl ¥ AQfa Qsaitk@R 1a“5ml5§=—%ciul&ertm 1| ARGNEN & the @i %Ciﬁn bfass

than 0.1 kCe, it IS not pos e to obtain a sintere magnet

havi ngagndlt @idneatied.i df aadmphéglonnmolieid & @rEPEbhl BSthid §tatd)e
intensity of the magnetic field is greater than 10 kQe, the
kneadhagrisetgmesgetsnfrégwdar or wnihbfndlsm badst @nghe ntlwmlratmdt he

magneti c fleld is being applied, of the cy s 52

oper ACEY IR tha Feeand tsnwpmeph the {q ‘Yﬁé camer—t@?é%é

| ocalyl e 530 to
e de BB B BaRag PRk IR E B ke BRGRE) ps{tgodgq@a
descrdl&ﬁdneaé@&lé/ﬁm tioRs bhﬁ]@%’lﬁﬂ&@@@lﬁ beXafPhed s8\%8Mo iiftrude
vibrations 22 were to be applied by the upper punch or the

| ovennputhehecdshed pontiank of easide walls) ebe@hy charongnddh@owder Feal
powder P in case the crystal fractured surfaces of the

par t ilapids the b@mbnc}}aﬁf‘w@ahe kneaded- Finaféql%wpn@edm HHOARERE fhe
ShouFIEH 2 R VB8 AR BRI S
not arf dRqicRe | i rI?BRH&“P%B eé‘?&ﬁ'@BhEnt%H'xﬂmé‘l’ileEanEdFh

conpressi on no S carrle out 1n this stat

or i enhatghegetfizld. r FML‘@M]@lf,héi\péshtl&%]dbﬁﬂtiéhbﬁ@ arfidhg the ot her
hand, according to the second enbodi nent, the | ower center of

t he tmgtlbl@alyf thewia mebkpaxdraritiosideotharcdvith 828 iwill wat e frencéheof
the %ng!eeigt eh }P?Lr\:[vésoﬂntggl?y ﬁﬁe(&i into the cavity 220. There are thus
more chances for the crystal fractured surfaces of the raw meal powder P
having more equal crystal orientation relationship, to get combined together.
Once the crystal fractured surfaces of the raw meal powder P having more
equal crystal orientation relationship get bonded together, there will be
formed strong or firm bonding chains. Accordingly, as shown in Fig. 10(b),
the crystal fractured surfaces are bonded without clearance among them in
the magnetic orientation direction just in 2 manner to form a bar shape,
thereby aligning in the magnetic orientation direction.
[0052])
Then, by operating the hydraulic cylinder, the die 20 is lifted to a
predetermined position to thereby define the cavity 220 inside the through

hole 210. Then, the oriented raw material alloy is taken out of the bag

23



al so the side portions of the bag body B will be deforned so as
to intrude into the recessed portions of the side walls,
whereby the raw neal powder P inside the bag body B will be

kneadgdy B RnkhkSiikdsRito the chandi ng thidagse! e cmEtﬂgcd)fealeome
bonded when the magnetic field was charged will be once cut

of f, raatrishelivgvintedhe powder22P combs daoribé ot ireabedlywhiOre thei ng

mxed {n th mag eltlcfleld As a result, thepgltlonal
rel atqtbﬁrshavpﬁ . nﬁ Lpwene ﬁleﬁaflg‘%:m%%t 1 ke b@awnﬁ@ap peRmely: he

h h
Y PR R e BT Y0 ST of B8f periaBliobhe "
chancc%aw ! Bty floRl(néef ﬁﬁiswa%@d)swal@ﬁ&%d Ao 4% rb@wnlae@able
powder P haV| ng rmre equal crystal orientation relationship,

t o geabwaedrahded dyofyenhsie. bagBode Bihendctheshd bddyal tisipertlpouf bees
of the raw neal powder P having nore equal crystal orientation
r el attheratitipg gee! boadedla oyetihelr the meagnakid ficldeis Yadngrebasgadong

Che oGREY the E%Cﬂﬁ‘%ﬁieh“ﬁéﬁégl&g@% bR eabe fempakel

armnqh}rﬁﬁ‘mflln@o i t| c orientation direction just in a
manner orm a ar S thereby aligning in the magnetic

ori ent[absm)n direction. (00521 Then, by operating the hydraulic
cylinder, the die 20 is lifted to a predeterm ned position to
t her eby défennenteehecamentyn@ 2pi Insd bkeent Hieishbd,oihghkndadiregg Sk@ns
Then, the oriented raw material alloy is taken out of the bag
23 bo’iﬂ/lsaeélr?ét(ids flp| ghesgeasgt bhg ﬁl@cw/maygmmmt Hiescoplg A2a, (b 18
char of the material a a 220 be
car r Al YuffivefinndbPy MGt Hen urgh D isdheer i Sht Ynichign Rl

ar r angRph h3ARPEuATRLRYES b the 4iPBLLCTES Urage
of the%frarre eat 550 (I?lé for rre%gbsopgésw%%n e ogleeﬁa%%eemgn 7

cl os aémia@,ma;vmuh tthdﬂglatgﬁh@hc (add isi s thiaiged) thesofipsgesadmaddiag t o
be noveable toward and away fromthe bag body B; and the bag
body o8 the rparmesl ravedemyP ist m:t@dunmdg the shvity ba regamseofipawiiodh

L1 TGN et ool 0l e, et by whe [ oy mater 2
time, the electric charging to the coils 42a, 42b is stopped and in this state
compression molding at a maximum pressure is carried out (see Fig. 11).
Finally, the upper punch 320 is gradually lifted to thereby gradually
depressurize, whereby the compression molding is {inished and the molded
body M2 is molded (molding step). Also in this case, the compression
molding of the raw meal powder P is carried out in a magnetically aligned
state in which the crystal fractured surfaces of the raw mcal powder P are
closely bonded together without clearance among respective crystal
fractured surfaces in the magnetic orientation direction in a manner to form
a so-called bar shape. Therefore, there can be obtained a high-density
molded body M2 (permanent magnet) without turbulence in orientation, and

the magnetic properties can also be improved.
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dunped into the cavity 220. 100531 Then, once the orienting
step has been finished, the kneading neans 50 is retreated. In
this case, the electric charging to the coils 42a, 42b is not
stoppqg Jhen, t he upper punch 320 is inserted into the through
hol e 9% rom above the through hole 220 by lowering the die

base 160.1nltRi@mashed Byl ArMihEDut BE TRONGLdiIen MBdidglin L8aBTin
charged, the conpression nolding of the raw neal powder P is
st ar tvelsich rtde deysthe Himamirey shyfaceanse Gbndedpigetlodr int the oppestiand
| ower punches 310, 320. After_ a |apse of a predetermned tine,
the riataiien chiaeeriong Wishate clesrarces 2anongoespectveppedacesd 4 n

this . state .conpressipon |- di n t a, paxi pum pressur,e,is .
o ¢ i10e Gns EBoEg B ME R, He, BolREe{ B, i bR o

gr ad lYahddt a Y ' -

i T Bl L AT R s R
nol deds{16Bhah 1 siteYf ocAlrSéndeintiffG iGagality Ren GeneHass, ahd a
nol ding of the raw meal powder P is carried out in a
magnendlded bydaMYoklighsbagreticprapédiestche beropsaiabd f rlacthis ease,
surfaces of the raw neal

_powder P are, closely bon t ogef her
wi t hahie TeFdabider Inmery mée phe rpyemesl e erl]f’rtfagﬁlfﬁ@gl %?Fgﬁzes

inth ti,c.orientation direction,n_a nner to far

so- carr g 2B Ui saR Vel of SiePRuL BrnERaR bl Ghctued
hi gh-daDsiftigh Wod SRtic posherNBs ( per manent magnet) wit hout
turbul ence in orientation, and the nmagnetic properties can
al so §e0s5iproved. 24 [00541 In this manner, by carrying out
the conpression nolding in a state in which the crystal

f r act ur ed hsunplides peaseutsondéd meldentster insttte anangetdfd.1 ~ 2.0

or1 e384 3 LLectl g oL, o £or e Bong K SRRRS! b S,
11 ARG B A SR 0 FROBH B HhB T
OCCUIe@RCE itRe ind1BEd ModfUahdrt Yt eapuled rRdugatde @REya220 of the
compression molding apparatus. On the other hand, at a molding pressure
above 2.0 t/cm2, a high molding pressure is applied to the raw meal powder
P in the cavity 220. As a result, the molding will be carried out while the
orientation is struck out of order, and also there i1s a possibility that cracks
and fractures occur to the molded body. The intensity of the magnetic field
in the molding step is set to a range of 5 kOe ~ 30 kOe. If the intensity of
the magnetic field i1s below & kOe, a highly oriented molded body having
high or superior magnetic properties cannot be obtained. On the other
hand, if the intensity of the magnetic field is greater than 30 kOe, the
magnetic generation apparatus will become too big to be practical.
[0056])
Then, after demagnetization by charging reverse magnetic field of, e.g.,

3 kOe, the die 20 is lowered to the lower end. The molded body & (M1) in
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nol ded body M2 of high nmagnetic properties can be obtained. In
this case, if aresin binder is mxed into the raw neal powder
Pto be filled into the cavity 220, there can be obtai ned a
rare earth group bond magnet (nolded body) of high magnetic
pr opettiei @sity] 2BB 51!l tHhe beghudledgowr &sther epper surdagend{dihegdist®p i s
set to arange of 0.1 - 2.0 t/cnR, preferably to 0.2 -, ﬁj.o
t / cneAftet mpviRg Hhenupise uush 3 Wetootheoupper eadpby littng H dePasedy

il i CI . I K BN
occur b PREEATI RSk BRL e papn SRR oy RRE el
220 ofs {fieaink@TRHS S ilolTRL DS, APRARL AliSa R L e cBiibR hang!

at a nolding pressure above 2.0 t/cn2, a high nolding pressure
i s appledesringnéchpgeri@vofitaak apawdedetefninedttompepatiniy (1RO C)As, a
result, the nolding will be carried out while the orientation
i s stg.uek Autatofospherer(sindaringl ssepk rmdels furshgosebipttedtty aging

o el % o OFE A ok Tt SE00 o B DERRE o
5 kCe .. f the | [ f h tig fi i
o P 1 DO, Bl ARG S e

super (NY- FEER&lel iRk RREMbERS) Cannot  be obtained. On the ot her
hand, if the intensity of the magnetic field is greater than 30

kCe, tl8@57hagnetic generation apparatus will become too big to
be practical. [Q0561 Then, after_ demagneti zation by charging
reverse nidghle jabore dpyribed frsy and Fepapd embedupentpodpseripdiggsed

to t | d. Th ded .bod ML). i 25 t ity 220
w1 | s B, Jrois o & SRl Rt ati ik whg: O futeidid 18
Jy ~berpdrt . e D

t ery AR the dﬁ%%gHP?ﬁ@o%ﬁggsdéﬁtgaé&atl het @ﬁéctﬁfhdolzfm‘xe nhddrlehg

t he di e base , I's taken out. Finally, the
ol defie]lpodWitHvus behigaimadd theeenthaicngdy ibdtetnFloyddd edrhp@ssion
furnace (not illustrated), is sintered for a predeterm ned

per i owolsting inmshane & phedrether dirneteont efpwidingrie if 1000 With the
? o agc’]lﬁcgrtio%to@tighn%gne ic tji.glg.r 'Y thse:[ gps)t’em%no%irlngng, E (ti(-t]s%{'ipfiggjh%(:st ed
been made of molding a powder body by using a uniaxial pressurizing type
of compression machine 1. Alternatively, there may be employed an
isostatic pressing molding machine (not illustrated) of a known structure
using a rubber mold.
[0058]

In addition, in the above-described first and second embodiments,
descriptions have been made of examples in which, as the orienting
magnetic field at the time of pressurizing or kneading and molding, there
was used a static magnetic field in which the intensity of magnetic field per
unit time does not change. Without being limited thereto, there may be
used pulsating magnetic field in which the intensity of the magnetic field
varies at a certain period. 1In this case, an arrangement may also be made

that a reverse magnetic field is charged. According to this arrangement,
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treatment at a predeterm ned tenperature (5000 for a
predeterm ned period of time in an Ar atnosphere, thereby
obtaining a sintered nagnet (Nd-Fe-B based sintered magnet).
[0057) In_the above- descrlbed first and secqond_enbodi nents
descrsi”}‘.ﬁel Bhsatigngvears §e fagplipd én thad@womeal pAMARY &) ap s Sure 5f ng

type e ction

o ¢ hdGIHETE. Eh BReShel %%ﬁl%fcap%&dfﬁﬁfgﬁaefflew"feﬁe|15 iRk che
bei n%dléeﬂ%&rﬁﬂi émlrt?é ﬁfi%& TBY a8 rﬁrmltgmeam% shaMHea38 LOB00
mol di'ng ne in the direction o ding is in

par alth€lor et tIInethedwmt bwisidef thdhabowrgdetiibed irehge, the &dreng
first enbodi ment, a description has been made of nolding a

pomdé}ondnmyclm)nmwlﬂ@ca)rgkﬁrawah thye el theit agh ppentagfon cannot
conpr.es c 1, Al ternat, vel t here enp

i sostotd awga Bh@ AtSto Ng Chc %auigﬁapg.m?w%ﬁa)ls#aﬁgeﬁnm
stru | &i=0D0 =i hg
bovantaSal BN R BkSev RSt e e st
have theem ABde oPEh@?ﬁ%@ﬁét@@ﬁélB WIS 5 18, th&eQah /BT ba8btamBanet i C
field at the time of pressurizing or kneadlng and nol di ng,

t her @rodwas afskigthaois¢rattion naginkighc nfagaktc ipropdriieh tOe thet @hsity

of nagnetlc field per unit time does not changh. Wt hout being
i mi thegds pletles ontemﬁéyeo Ity wesnefdediepliis greater vaghdd &0ri dhet | n

whi ch_t he i Sit f the magneti.c, fiel vari.e

por | GRREHEie HA1E Honbiating, BN Pe 16 aird SnH et Aok rL
rever b f ding to this
arragﬁ%ﬁ@ﬁ?&ﬁz%ﬁgﬁﬁggﬂv%%mggggggggéﬁﬁ g[applled to the raw neal
powdef{ 0@t the tinme of nolding, the degree of orientation can
be further inproved. Preferably, the pulse period shall be set
to 1 ms Fwether, aimd the- eboysudesciied sfisdtl apd setondo mdlmﬁntﬁr

l ess.. In.the range oytside th ove-descr,i bed range,
st r orfgSCIRAATISEA ¥n a6 B HgepI mpe B}k) BKERAD el O Ha g SlPFFéPd

hi gh r%énee%.at]t%' t&%@ﬁ'\%tced that the method of manufacturing a permanent
magnet of this invention can be applied to the following® i.e., the art of
manufacturing an oriented body by orienting a powder that polarizes in the
magnetic field or electric field; the art of compression-molding, in the
magnetic field or electric field, the semi-finished product thus oriented; and
the art of sintering, 1n addition to or in place of compression molding, the
semi-finished product thus oriented in the magnetic field or electric field.
For example, this art can be applied to the manufacturing of a (Tb, Dy) Fe;
based super-magnetostrictive material, SrQ + 6Fe:03 based material, (Sr,
La)O - 6(Fe, Co0)203 based ferritic sintered magnet, SmFe)7 based nitride
bond magnet, Nd-Fe'B based HDDR bond magnet, and the like. In
addition, this art can be applied to the manufacturing of a silicon nitride
(SisN4) sintered body which is manufactured by molding a predetermined

powder in the magnetic field and then sintering it.
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be obtained. In addition, in case the pulsating magnetic field
is charged, the peak value thereof shall preferably be set to
a range of 5 - 50 kCe. If the intensity of the magnetic field
i's blowurhple@, there cannot be obtained a product of high
orientation and high magnetic properties. On the other hand,
if thd0DB8knsity of the magnetic field is greater than 50 kOe,
the magnetjic field erating apparatus will be tog |arge and
the durab® ¥¥3mple Li¥s 5‘6%5?%& %awmqas BeWAHEWAS A HAs ELas
practjcal. ) _.Fur . 1 the..aboye-descri finst
Cecorir ErbstPaai erthibeon Tt R RR B VPR CUBES dutdd wfe
exanhgs oW iHiRAkYT IQdSigt §5SFatiRIRRGShy | ImASuth@ubRignod ed
that the nethod of manufacturing a permanent” magnet of this

i nveniredetee@imdiemapieli ledyt ohdhesiftetingvite wais. crried bat an twhoth
manuf acturi ng an oriented body by orienting a powder that

pol arthyesnalded hedy magridnicsed iie|an dr atimssphere 34 alt@mperuag ©f of

conpr LQn-. ol diong, in, the gnetic field or electric field,
Che’ ST E i Bt Wibuuchs £ sy thars das oBiginef RoNEe Bbased
sinter) | ition to or in place of conpression nolding,
he q%%%??%hﬁﬁg ed product thus oriented in the magnetic field
or el dousik field. For exanple, this art can be applied to the
manuf acturing of a (Tb, Dy) Fez based super-magnetostrictive
mat eri al ,(RewQMesiFRaaBrbadedhedideFe-& haseSsinteted) i@agnd( Fe allgp) 203
based ferritic sintered magnet, Snfe" based nitrjde bond
magnetas RAPRECEIBE R HOBRABHAE TGPy uging akevhoske. In

S oo SRR FRPIC S A0 AT SIS S oy
i1 203 SRSl PIRUTROTA e, L
raw nealosposmddor tiase hounsf (agdroped gaimdistesiep). bathehelamiunor i enti ng
step d%r}]lgdlrrg)gleggtqgn ?)}'o%gss\i\gé (\?vag%gur'riicgddoftu;t 5%%"8 ?(irnt ree hours.

[0062]

Successively, fine grinding was carried out in a jet mill fine grinding
step to manufacture raw meal powder P having a half value width of the
powder particle size distribution of 10 ym (raw meal powder A), 4 pm (raw
meal powder B), and 2 um (raw meal powder C), respectively, with an
average particle diameter of 3 pm.

(0063]

(Orienting Step) In the orienting step, there was used a uniaxial
pressurizing type of compression molding machine 1, as shown in Fig. 1.
Here, the compression molding machine 1 is so arranged that a static
magnetic field of 20 kOe can be charged to the cavity 22 having an opening
of 50 x 50 mm square. First, the cavity 22 was filled with the

above-described raw meal powder A, B, C. Prior to filling, particular alloy
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t he bel ow nenti oned nol di ng apparatus, thereby manufacturing a
predeterm ned nol ded body; then, sintering step was carried out
in which this nolded body was sintered in an Ar atnosphere at

a tenperature of 1050C for three hours. As a result, there was
obt airawd matidaFewss addeddthespiet 8138 ofrelipedt lubrest Yzing ReoR BRI

Powd t he Nd- Fe-B based sintere net, an allo
T e ARy A Y CSS1AlG HEPHIAL BGe SLin MeRanate L Hhe
conpaog i . e o : . L e
2ong-BH O JEERmat ¢t pagkipe ety o[ 2°%. oRREL: B e e U | oy
was thgmatithias bed Ko, i hRge sHokdadl ifsdtto NYULERN BB EheOfavd. 2
at nrosphere for three hours (hydrogen grinding step). Then,
vacuunealdgdwabrogematC ompuogassi pgeasad byathd presoing atcaBOECtd or
three hours. [00621 Successively, fine grinding was carrj]ed

out ithexgbyesubipey the nawyrmeali pegwdet ¢ Ho Gaffuf aBeniasionaw Fadl
powder PR having a half,value width of the powder particle, size
i ¢ CPBUEIRGH P P8 BinspAln ol Piadis mAgns § A B #E8 fnd
powd : L e I begpectively, with an
avergguen@apegr(tﬁirﬁg?%l%%gﬁgér ﬁggdépgl\r??ﬁi%?é%lm Orienting Step) In
the ofDesd]i ng step, there was used a uni axial pressurizing

type of conpression nolding nmachine 1, as shown in Fjg. 1.
Her e, thélvﬁirpge%fspbnlmhdim@dmmeme by wsingdharvriaged typatof a

[ net i leld of 20 kCe b h d h i
o BB Lo Hhes SR B 07 SA L, S8
22 Rl S RGeS el PP 1B,

t her eh@ard 3% PAirfol Xeduppdir 4 fBBwet Funehsd SR @loldinptbfiewhil@n
arrangenent was nade such that the filling was nade to the
dept khafgiidp then mbgretipahdddng 2 ket o tfe Abfbprodect. Vel molding
char gplrngsug'Qgt this time was set to 0.5 t/em2.  Then, after compression molding,
a reverse magnetic field of 2 kOe was charged and, after demagnetization,
the molded body was taken out of the cavity 22.
{0065}

(Sintering Step) By using a sintering furnace having a known
construction, the above-described molded body was subjected to sintering
process. In this case, the sintering was carried out at a sintering
temperature of 1050°C for three hours. Prior to sintering, hydrogen at a
temperature between 100°C and 500°C was caused to flow through vacuum
of 100 Pa to carry out the processing to remove binder. After the processing
to remove binder, the flow of hydrogen was stopped immediately, and
dehydrogenation processing was carried out to vacuum degree of down to
105 Pa. After sintering, the sintered magnet was subjected to heat

treatment at 500°C for two hours and was thereafter cooled to room

temperature.
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magnetic field of 4 kOe, the pressing force was set to 10
kg/cn2 and the raw neal powder A, B, C was urged or pressed by
the pressing neans 5 to thereby subject the raw neal powder A,
B, C flope®yientation. The conditions such as the shape of the
pressing neans 5 at this time and the nunber of pressing, and
the |ike Figelgihyan ai mbé ghowtidgadhe h2QG46ic prdfehtien@ndt dgpred of t he
nol di ng step, by using the uniaxial type of conpressron

ol diavipnielent wéicn the sgrﬁ@wd ThagrEtgyasiobtained dtysshangingciheddad of

t ed f t bjected t
ol QY Bl REUAET S P OF premnd Bp e aRESH T A tnERb L 1
32 (npldi ﬁ@lesﬁuﬁgﬂed@"‘b{?ﬁer& aL Qi Nk, LbE v'ﬁﬂ&@%h&t Ebﬁlugte(af byZQhé<C)e
to the sem -produ ing pressure at I's tinme was set

to O.BHttr&&d, ahbehe cﬁefée@é of OFRRETFINON SRve N8 valdes' SMAIRA by
magnetic fi eld of 2 k was charged and, after demagneti zati on,

t he nbldedy hbelwales dfatemmrent fofx tdhesitabytsat@ted GOSEEtic flux
(Sinteri ng Step) By using a sintering furnace having a known
constdenérty gh 10 Ehe above-descri bed nol ded body was subjected to
Si nterbﬁg7 process. In this case, the sintering was carried out
at aé e]ring tenperature of 1050C for three hours. Prior to

|
sinteri ngacfc{s%ﬁgv Q@Fh@%]b(ﬁve Jr?érpg%gféﬂlé{)g aﬁthege@n%ﬂ%ﬁmaﬁ%@r was

caused to hr ough vacuum Pa to carry out

pr oc &slsdipgr)t feco @B \LRe bialfdeilue ABET of fie PHORESSIEOdiahetet @ffEle
bi nder, the flow of hydrogen was stopped i nmedi ately, and
dehydrarafg@mtl i v der o tles drttgr vlmsomartrheedegme af cowerdation deyt éhe of

d .10, ~ f d
sﬁﬁféte?@av%falwgiruf\rﬁeiéffm”if SR [ o b U A GRS of
ther GRLLEL 608leqeL0E RO LSIRSIA) rr e%%hg%gg% of L ARGD)

na ne I'C proper %es
Still furthermme, the pressing means 1s made of a non-magnetic material

and 1{ can thus be seen that the degree of orientation improves by adding a
lubricant to the raw meal powder. On the other hand, the front end of the
pressing means 1s sharp or peinted and it can be seen that the degree of
orientation is improved by applying the vertical vibrations.
Example 2

[0068]

In Example 2, Nd-Fe-B based raw meal powder was manufactured as
described below: orienting step and molding step were carried out by using
the below-mentioned molding apparatus, thereby manufacturing a
predetermined molded body; and then sintering step was carried out in
which this molded body was sintered in an Ar atmosphere at a temperature
of 1050°C for three hours. As a result, there was obtained a Nd-Fe-B based
sintered magnet.

[0069]
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orientation when the sintered magnet was obtai ned by changi ng
the kind of raw neal powder, the nethod of pressing by the
pressi ng neans, and the |ike. The magnetic properties are

aver age val ues when evaluated by the BH tracer, and the degree
of ori ent@avoNecabPshdew) iAs thelNdFedbbaiedaintayed shiagheti, bliprt he

val ues of remanent flux density by saturated magnetic fl ux
densi V¢S d6ed one whopgpmpoatiosr WeheS N 70RO Wis Ve B %Alhgenent , it

can b hat. £t he narrower shar per), .becones t.he hal f, val ue
ot dr oAy SRR TET AERDS Fha el B SRR HAE miShithr
the b fr Q) ent at i LCkve
for ce:%t“}:ﬁ?et %Zﬁ I % E}{(;ég{'n %gécgegde% ?’ﬁé%%kh%“ﬁcgﬁg?ﬁgc%g%geﬁ %’gsnanber
of  poessimgpdretihetipeeishrdhi®agsn ghindiedtesy Mhea Mesulhe
degree of orientation. Still furthernore, the pressing neans

i s madehirogemoien megreesing westcriied outaatd500° Cdantkedobrs. seen

t hat Eﬂﬁ) aj:gree of orientation inproves by adding a |ubricant
toth 4/ neal powder. On the other hand, the front end of the

bressi ng_§EaRSildy W8 Rrl AN 80RO b GA3.RT BSER ERRdinEhe

degree of~ orie s Tpro y apprying ica

Vi br aby GaS mif@PLAndingl 08G81TheR FATBLE hanifnRdoARensaw

meal powder was manufactured as described below orienting step
and npévddergP hemgwehelfoatud eddthudf thy pogidag pattide bek aistmbotiooned

nol di ng appar atus, thereby manufacturing a redet er m ned
mol de@ig Hbayr (rawdmenkpovsdart ) igmse ey mrarg ma\rcﬁre&b, end 24 wm Giavch

L e8P Pev T O ABe Y L k8P BEH e PREEE SR Bl S 1l
oo & 863 e APl S IR OGP P i
caproate was added by 0.5% as required.
[0071]

(Orienting Step) In an orienting siep, there was used the uniaxial
pressurizing type of compression molding machine 1 as shown in Fig. 7. In
this case, each raw meal powder of 800 g was contained in a bag body B of
urethane rubber make having a thickness of 0.02 mm and a volume of 500
cc. After housing the bag body B inside the frame body 55, each of three
pushers 530 capable of applying a pressing force of 5 kg was operated
alternately for 5 seconds at a cycle of 0.5 seconds. Also the coils 42a, 42b of
the magnetic field gencrating apparatus 4 were charged with electricity to
thereby charge the static magnetic field of 1 kOe. Alloy raw materal
inside the bag body was kneaded and oriented in the magnetic field
(orienting step).

[0072]
(Molding Step) In the molding step, there was used the uniaxial

pressurizing type of compression molding machine 10 as shown in Fig. 6.
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was used one whose conposition was 23Nd- 7Pr- 0. 98B- 1Co- 0. 2A1-
0.].V-0.055Sn-bal.Fe. An alloy was manufactured by strip casting
met hod and the alloy was then subjected to hydrogen grindi ng

i 0.2 h f hree h d

o aavide Sﬁég)n% hetiotio RARRAC QEH) 6 BuERALP Ghe BREEERa IRy e
0 | t h

San megterll, sBmpPein Mg S 18HIS ?uJ A (5 pal 2f RS Lt angl "

m A “5“’&9%61 Wdhpslzng, ﬁ(ﬁ@noﬂnﬁg ﬁe@er &n mféscae@rmé agbhiy edo rhaw arﬂeal

ving a half value w the powder particle size

d| St fopbhinigasf 750f 73 GnPn3quadiey zrre;hthqomﬂieﬁg BressGranwis aut ebd 0.4
powder B), and 2 pm (raw neal powder C), respectively, with an
aver dlsm?palhew| aftesi coanjeicasion enoldimgs dpmagneattwttmnsww serred el i d

| ub %
B P o
St ep) aﬂ(&é\ﬂ 9111?@51&92% ep, there was used the uni axi a]

pressur|2| conpressi on nol ding machine 1 as shown in
Fig. Teo131 th| s case, each raw neal powder of 800 g was
contained in a bag body B of wurethane rubber make having a

t hi ckneséSimtcxﬁhg)Etﬁp) arly ausnog umsinkrin@o furtace Afdveng housiowg t he
bag body B inside the frane hody 55, each of three pushers 530
capalspestsactinp|the myoxe- é?%‘éﬁqedgmp@ﬁéémw wag Guinestedplér singring
alternately for 5 secon 0.5;se

o | STz 438 UTs TG HgnSEEINE cVer GaRKRA:§ g Sppal BETLE
ner © EhSARG b MgirBSE iy b (ORLERY GAESE H0BGRALLC,

magnet | oy rawmaterla
body t¥@petdierdedwans 100?@RALEH00PC WL dXRgaEtd ﬂoxﬁritﬁl(ﬂlgh(wcmeni i ng

step). [0072] (Molding Step) In the nolding step, there was

used of RePati eairalout phepsencsangdo typevobirsempr 48er tre paskcelising

maChth ele}nOngsbl?]gglvm thon ﬂELv of qudlog(,n was stopped immediately, and
dehydrogenation processing was carned out to vacuum degree of down to
103 Pa. After sintering, the sintered magnet was subjected to heat
treatment at 500°C for two hours, and was then cooled to room temperature.
[0074]

Fig. 13 is a table showing the magnetic properties and degree of
orientation when the sintered magnet was obtained by changing the kind of
raw meal powder. The table also shows the magnetic properties and the
degree of orientation when the sintered magnet was obtained without
kneading 800 g of raw meal powder but by directly filling the raw meal
powder into the cavity (Comparative Examples), thereby obtaining the
sintered magnet under the same conditions as the above-described
Examples. The magnetic properties are average values as a result of

evaluation by the BH tracer, and the degree of orientation is shown in

values obtained by dividing the value of remanent flux density by saturated
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Whil e charging the static magnetic field of 25 kCe to the
oriented alloy raw material, conpression nolding was carried
out by the pair of the upper and |ower punches 310, 320

(mol ding step). In this case, the cavity 220 had an openi ng of

75 X f Bl &hsitgnd folre nol di ng pressure was set to be 0.4
t/cnt. %’hen, after conpression nol di ng, demagneti zati on was

carri d60%af by charging the reverse magnetic field of 3 kCe.
The nol ded body was then taken out of the cavity 220. 100731
(Si nt eri AFestdepy tByhaiabarg arrangemantng RorheagesnHbal Hee BARAVHH

t ti th 3 i b ded ; .subj t
Gt dtigef et ThY SRSt adith PRI Cr Bl ngf SRl Bf B ot

t [ ' . . ; ' t
R R T R s R I SR S

causedefdvd fopde. t hr Bughey ac batialsafbelseln that, GAEKY rOMimdN@owder
processing to renove binder. After the processing to renove

bi nder, kndudedl | awthé thmerogenenasg siteppt idegedi af erientatnzh 1s
dehydrogenati on processing was carried out tq vacuum degree of
down WProvgsRape, dagticatarky %b% PR Uh 8Nyt RIOEHCIBeRtEteswgher.
subj ected t.o heat reat,nent at 500C for two _hours,,and,was

*hen TEeBR i BE Rben banpErierfe of Spgpiaipn gk e o8 Bt
showing,ithg magnetic properties and degree of orientation when
the sintered magnet was obtai ned by changing the kind of raw
meal [A®widé Desdigtidrabl thedhawisgdws t he magnetic properties and
the degree of orientation when the sintered nmagnet was
obtaiﬂ@g7ﬁithout kneadi ng 800 g of raw neal powder but by

directly filling the raw.neal powder. into the cavity ..

( Conpar atil§e 15k erIS_égiﬁl?mPﬁeYléb’y ebﬁg%ﬂ’ﬂ?’n@tt ?l_eSLaQSWf e‘%‘/"ébfl%g?'let
under L 15e SATE ﬁ?o@&’i'ng' Mcifie ! NEhBROY i‘ﬁ'&s%hpe?p? B@FBL&‘S-OI"T“G
magneti ¢ properties dre average values as a reésu 0

eval ughh@Rctitidd EecBHihE 8C 8 NirstaditbddiRc HESN 88s RiveRtibgNt ation is

shown in val ues obtained by dividing the val ue of remanent
fl ux dendiigy dyis sat sphatmadic view explaining the compression molding
machine shown in Fig. 1 1n which the pressing means has been moved;

Fig. 3 1s a schematic view explaining the position of the pressing
means relative to the cavity:

Figs. 4(a) through 4(f) are schematic views explaining the operation of
the pressing means {orienting step):

Fig. 5(a) is a schematic view explaining the magnetic orientation of the
prior art, and Fig. 5(b) is a schematic view explaining the magnetic
orientation according to the first embodiment of this invention;

Fig. 6 1s a schematic view explaining the molding step by the
compression-molding machine shown in Fig. 1;

Fig. 7 is a schematic view explaining, at the standby position, a

compression molding machine which carries out the method of

manufacturing according to the second embodiment of this invention;
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32 magnetic flux density at 10T. [O0075] According to the above
arrangenent, it can be seen that the narrower (sharper)
beconmes the half value width of the particle size dianeter of

t he rawKipat ispoyahematichaewekplainibg chereorh e ssiegmeddiol machine,
orientation and the coercive force. Further, it can also be
seen asown in Kigel.naw el thpbywiding mearnbasibeeramoréte time of
orienting.step, the degree of ori.entation,.is  inproyed and,
par 1 cul Sy 5 b Res el Aot ENeP G BRSIRE AR o LR Remetis
can at t .of orientation is inproved by
addiﬁ%ﬁgagﬁﬂ%?ﬁggﬁ??hrgg?%gggé§§¥iption of the Draw ngs]

[0076] Fimlg. 10{a3 18 $GhREMAIIE WaeVE:@XahRigthD mainefic Sdramddion
position, a conpression nolding machi ne which carries out the

met hoatcafdingranuthec tomvendioaek artli agd tBiga F(bsis emscinmetnt vodw
this invention; Fig. 2 is a schematic view explaining the
conpre@sHBmenbied Meagne i okientaHo Rk kneafing agcordingripctihet gpgond
pr essi ang Q%F beenfnnved; Fig. 3 is a schematic view
explé?ﬂﬁﬁgg?ﬂ P08 ¥VY6RM8Y t he pressing means relative to the
cavity; HRigs ( - St i _ IRk Ng
t he oper git‘l?'olnl %fﬂ%h%g{aggggg‘?%éblﬁggﬁg%?gr I enlltn %ﬁ\ééljsa%\?eg%xﬂllc—l%ﬂé
5(a) dppadatachupwmhiis Fig.ew expl ai ning the magnetic orientation of
the prior art, and Fig. 5(b) is a schematic view explaining
t he magndtigcl2let ieattableosharsverthe ngndidionhesuth msttherdheds wé the of
this invention;, Fig. 6 iis a_.schematic view exgln@ienli, ng t

S

mol diffGSEPR GRSt Al NUBHSF <4 SITBH b PBPTAJ IR ER I‘llfﬁ/\/ri”‘i%ﬁFﬁ'g.
AERREE TR DR AR
et hogidftation of a sintered magnet manufactured according to example 1 of
this invention; and
Fig. 13 is a table showing magnetic properties and the degree of
orientation of a sintered magnet manufactured according to example 2 of
this invention.
[ Description of Reference Numerals and Characters]
[077]
1,10 compression molding machine
2,20 die
21, 210 through hole
12, 220 cavity
11, 32 punch
4 magnetic field generating apparatus
5 pressing means
57 pressing member

30 kneading means
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manuf acturi ng according to the second enbodi nent of this
invention; 33 Fig. 8 is a schematic view explaining the
conpressi on nol ding machine, as shown in Fig. 7, in which the
kneadi ng neans has been noved; Fig. 9 is a schematic view
expl ai ni5d§ knpasherg, by kneadi ng neans, the raw neal powder

i nside a bag body; Fig. 10(a) is a schematic view explaining
the nagleti a¥rmedltP@dsh according to the conventional art,
and Fig. 10(b) is a schematic view explaining the magnetic
orientation by kneadi ng according to the second enbodi nment of
this invention; Fig. 11 is a schematic view explaining the
nol di ng step by the nolding apparatus shown in Fig. 7; Fig.
12(a) is a table showi ng the conditions such as the shape of
the pressing neans, the nunber of pressing operation, and the
like, and Fig. 12(b) is a table showi ng the nagnetic
properties and the degree of orientation of a sintered magnet
manuf act ured according to exanple 1 of this invention; and
Fig. 13 is a table showi ng magnetic properties and the degree
of orientation of a sintered magnet nanufactured according to
exanple 2 of this invention. [Description of Reference
Nuneral s and Characters] (0771 1, 10 conpression nol ding
machine 2, 20 die 21, 210 through hole 12, 220 cavity 11,32
punch 4 magnetic field generating apparatus 5 pressing neans



57 pressing nenber 50 kneadi ng neans 34 530 pusher p raw neal
powder 35 WHAT IS CLAIMED IS: 1. A nethod of manufacturing a
per manent magnet, the nmethod conprising the steps of orienting
raw neal powder filled into a filling chanber, the orienting
bei ngWEHT i®CIaIMEM & magnetic field by subjecting the raw
nmeal powder to pressing by pressing neans having a snaller
area thanla & owthedofinmailacangg of paranient |magpethtberethathd
nmol di ng under conpressi on an oriented sem -finished product

obt ai PEPTIPYE thresteps %(?lti ng step, into a predeterm ned shape in

(e gy, e BP0, TN TAALOE B BT

magnet accor I'si'ng ‘¢thangi n

POSi theéfy QhrriddCo ! 9SS nigneBATR1d 5?%6}3&1@1@% ke $8w afiedl hoRIet @6 M
pressing by the pressing neans over an entire cross-sectional
ar ea miessihg Hyi plessiggcinamie havidig T henailet hoda chamenuf@etsetiongl a
permanent magnet according to claiml or 2, further conprising
vi br a&teagf threlilhingsbpmberedds in the pressing direction at the
time of pressin he pressing neans. ,4. The nethod,of :
rmnut act APPSR AU MoE NAE e SaM G e ity B bgined
cl ai et fHft DEFe de IR hSd i & £ neal
powolerﬂr?y aeldgga(rﬂ:e% nsﬁe}?’rllHé} pﬁfeeélgt er rhh(?l(ie drﬁigﬂrfggrr%%&ghge gdr/'ve
filling the mxture into the filling chanber. 5. The nethod of
manuf acturing a permanent magnet according to any one of
clai ns 1 2 hrlthegmethodnbe meinmiddieripg es pémganmedns agsetnacer dohg 4o
non- magnet.i ¢ nr%terial.,_ . . :
claim 1, further comprising changing the position of the pressing means
sequentially so as to perform pressing by the pressing means over an entire

cross-sectional area of the filling chamber.

3. The method of manufacturing a permanent magnet according to
claim 1 or 2, further comprising vibrating the pressing means in the

pressing direction at the time of pressing the pressing means.

4. The method of manufacturing a permanent magnet according to
any one of claims 1 through 3, further comprising adding to the raw meal
powder a lubricant in a predetermined mixing ratio before filling the

mixture into the filling chamber.

5. The methed of manufacturing a permanent magnet according to
any one of claims 1 through 4, wherein the pressing means is made of a

non-magnetic material.

6. A method of manufacturing a permanent magnet, the method
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6. A nethod of manufacturing a permnent magnet, the nmethod 36
conprising the steps of filling raw neal powder into a

def ormabl e bag body; orienting the raw nmeal powder inside the
bag body in a magnetic field by applying a |ocalized pressing
f or cecomprisheg begstbpdy: whi |l e kneadi ng the raw meal powder

i nsi de the bag body; and conpression no|lding the oriented raw
meal pomdc-élﬂmgr’ia‘f’ﬁée%ﬁélﬂ' é’ltofai‘@f‘é}'“}a\hl‘bb&gb?‘@determ ned shape.
7. The nmethod. of ,manufacturing a_pernanent net accordi to
ciaim 6, G GRS TERhR HSEAGE 6t Ree PR LA™ Stk 130

L ubr i . i O . t ore fLLL o
it Ure T RY R AP PG e o Bp PR ki ding che
per maranmeabgivederdaside dhoBag Bodya@ydone of clains 1 through 7,
further conprising a step of sintering the oriented .
sem - fi ni®hgdessiodouidiog honpraded oaw mehdedwdernin thansgadtic
prodUﬁt, . in ad(aition to the nolding step or in place of the
mol di Wgddptan prsdetermnngd shaPeof manufacturing a permanent magnet
according to claiml or 8, wherein the raw nmeal powder is for
use with a rare-earth magnet and is manufactured by a

quenchi ng7 MerROFhetiBA of manufacturing a permanent magnet according to
claim 6, further comprising mixing to the raw meal powder a lubricant in a

predetermined mixing ratio before filling the mixture into the bag body.

8. The method of manufacturing a permanent magnet according to
any one of claims 1 through 7, further comprising a step of sintering the
oriented semi-finished product or compression-molded semi-finished product,

in addition to the molding step or in place of the molding step.
9. The method of manufacturing a permanent magnet according to

claim 1 or 8, wherein the raw meal powder is for use with a rare-earth

magnet and is manufactured by a quenching method.
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