SPECI FI CATI ON METHOD OF MANUFACTURI NG PERMANENT MAGNET [ Techni cal
Fi el d] [0001] The present invention relates to a nethod of
manuf acturing a permanent magnet and nore particularly relates to a
met hod to be used in manufacturing a Nd-Fe-B based magnet having a
hi gh degree of orientation. [Background Art] [0002] A Nd- Fe-B
based sintered magnet (so-call edSpROIFICATIORDNEt) is made of a

conbi nat i
abundant

on of iron and elenents of Nd and B that are inexpensive and
natural resources and stably obtainable, and can thus be

manuf actured at a | ow cost and additionally has high magnetic
properties (itsMBEIfHODW@RMANPFACTHRINGaPERMANBNTRSAGNETof

ferritic

magnet ). Accordi ngly, the Nd-Fe-B based sintered magnets

have been used in various kinds of articles such as electronic
devi ces an?Thave recent]y conme to be adopted in notors and electric

generators

i ncr ease.

echmodrFieldhrs. The anpunt of their uses is on the
[0001]

The. present invention relates to a method of manufacturing a
permanent magnet and more particularly relates to a method to be used in
manufacturing a Nd-Fe-B based magnet having a high degree of orientation.

[Background Art]
[0002)

A Nd-Fe-B based sintered magnet (so-called neodymium magnet) is
made of a combination of iron and elements of Nd and B that are
inexpensive and abundant natural resources and stably obtainable, and can
thus be manufactured at a Jow cost and additionally has high magnetic
properties (its maximum energy product is about 10 times that of ferritic
magnet). Accordingly, the Nd-Fe-B hased 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 is 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 field orientation), and is



[ 0003] The Nd- Fe-B based magnets are nmainly nmanufactured in a
powder netallurgy nethod. In this nmethod, Nd, Fe, and B are first
formulated in a predeterm ned conposition ratio, nelted, and cast to
thereby manufacture an alloy raw material. Then, the alloy raw
materi al rempnessicvardded iyroshade by which thehmdgoefen fighd redbeiggsapnliednd
successively fine-ground by, e.g., jet mll fine grinding step,

Uher eby obBeduehyptRimingeamoldad (soiiaumedbbody. ndis meled eyiia sinteredy
meal powder).. Thep, the optai hed raw nmeal powder is oriented in the
magneti c PP@PBPF pEnined ¢andations b thae ¥ymanpidciure a sintered magnet.
corrpressioE-@@JSed in a state in which the magnetic field is being
applied, t QJ obtaining a nolded (or forned) body. This nol ded

manuf act ur 6. & 161 e TP IFESHE: Torigg T cthod i ThEHBIEBAG elhoh HRiRhg
od i o or SN ! ‘ .
e SR A AL SR BT, o
cavi ty - EFTpRGelh MBIEM RS R o BaTREN BFEEY Eal boL e Iffed
the die, and é%a@ft?sfﬁﬁg?é Cha e or ediirgéi %@Bgm}&ﬁé o2Mhrb é‘%glvt\)é%rin

punches in a vertictal ection to there the raw nea

At the ti e le, GOPIsRRSOE (B Giged) By 4 b8iPaH ip iy AUDN RS panthddin0s
superior orientation cannot be obtai hed due to Triction anong the

particl esvertiddiedirewisteab thevelr nidldl gk rawonidad yravddry, ARrLHUEIN® of
friction between the raw neal powder and the wall surfaces of the
metal | i c omhgression mgldeig bpthe maihel punches, thaigh vasupérisr arjenobiiem
in that inprovenent in the nagnetic properties cannot be attai ned.
[0005]  canpet heswitairieshdue tchériethion eamponp| ey pattedes iis theowawameal
conpressi on nol ding nethod in which, after having filled the cavit
with raw n@aﬂep&mgrmt@ﬁhe easty, onglust tot firctigppletweendheaaw meal m@m%r
punch is subjected to vibrations in the direction of pressurjzing
(pr essi ngaagr@@t WHhl Surlack of ithe BetaNicomol %6k Pnpest OHBBhéLPd)U“Ch-
field. In hhi s _conpressi on, ol di r%g get hod, bg chargi ng the.nmagneti.c
field to THETS MASTEA® HAVHRIETHIR (BabimPipyemerhan the Ragnetionirie s
t he upper n or..lhe Jd ower punch, the friction anong the particles
of the ra%vglﬁ%cg‘lkbe% % ill1ed into the cavity can be changed fromthe

static frimd(ﬂﬂ to the dynamc friction. The friction anong the
particles of the raw neal powder is thus reduced to thereby inprove

e vl 1080 S ARUSERIAR, DEES ko 4 Siphn
orientati gipldihgt BetRBANY whithehtter 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 thercby 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,



wher eby t

he orientation can be inproved (see patent docunent 1).

Pat ent docunment 1: International Patent Publication No. 2002/ 60677

(see, e.g
| nventi on

., What is described in clains) [Di sclosure of the
] [Problens to be Solved by the Invention] [0006]

of the. upperh iy 2R KRRRERIcH BEE PR RL 8 BPPhERRRE D, 1 3 O

orientati
rel ati ons

gﬂat&gcngﬁ%ugggmﬁ ilﬁtéﬂn%'ufémfaTWtsﬁP ?%b]ik?agg\%gg blﬁqgflbggq (see,

I p particles of the raw nmea

cavity shay ' Wey gpdiromthe state in which it was
0%, Vhit iLdQieriRaGHANHN )

initially fi

surf aces
the direc
w th one
sintered

Into the cavity. In case the crystal fractured

of Didetosiawolelad Ipedesnyarticles |lying next to each other in
tion of orientation in the magnetic field are not aligned

afBrdtdemesoheeSdlbed bawhedaveptuskr of the Nd- Fe- B based
magnet i s manufactured by fornulating Nd, Fe and B, nelting,

and al | oyi h@O%\h then grinding, the surface of the raw neal powder
has forned thereon crystal fractured surfaces that have no particul ar

cl eavage

sur f dtewgvert herihewabove-desdribed eempnessienongldihg mpethads | cdy

of the raw neal] powder. The easy axis of magnetization of the raw
meal powd@netfutheis@pendiungh gndi the pewemgnechcisoviwated ianthe time of

direction. If the conpression nolding js carried out in this state,.
there is Srlﬁﬁé%ql@hlpgai%dﬁaﬁlwl‘brﬁdeé&t ah‘?‘é’iﬁ%\iqalt Ppﬁlt’c%agm@éﬁé@'ls( Bt

I n order)

an{o%%otﬂe particles of the raw meal powder inside the cavity shows little or
no change from the state in which it was initially filled into the cavity. In
case the crystal fractured surfaces of the raw meal powder particles lying
next to each other in the direction of orientation in the magnetic field are
not aligned with one another (since the raw meal powder of the Nd-Fe-B
based sintered magnet is manufactured by formulating Nd, Fe and B,
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 is carried out 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 is 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 erystal

orientation relationship can be combined together in the magnetic field or



In view of the above-described points, the object of this invention
is to provide a nethod of manufacturing a high-perfornmance pernmanent
magnet which is made of an oriented body, a nolded body, and a

sintered havi;Rg an extrenely high or superior orientation by
arr angi ngtég%%ﬁ@?\/}%{i the raw neal powder crystal fractured surfaces

havi ng nor Dﬁ% | £0 6 KB [ j rel ati onshi p can be conbi ned

t oget her i(rt1 t g%n%g%tilgbftﬁélﬁ%gféﬂlgrectri c field. [Means for Sol ving
t he Probl effppog PO08] In order to solve the above problens, the
met hod of manutacturing a permnent magnet according to claiml

conpri ses the Ist @ierah: soé €hé idb@ve J¥olRMs, ARwdaet{dd bethdifRcRiring a

filling chamber, the orienting being carried out in a magnetic field
by subj ectpenganat rrasgnenbeqadiier thclpingsss co@pbisepribesitegs nfansienting
having a smaller area than a cross-sectional area of the filling

chanber; aad mehbpogdenfiledcntpadibingrhamber thetaderséng being ehed out
product obtained by the orienting step, into a predeterm ned shape in
t he magnetincafinagaeticobgld] by sulectingi the trawt heeal npemdentoopraskagnby,
after having filled the filling chanber with the raw neal [)ovvder, t he
raw meal [PEGRFORE|BedRS Rveng|h smadletngrea than jsekrpssmections! tarae oft the

pressi ng ns s pressed or urged against the raw neal powder .in_the
filling cﬁﬁﬁsr&naﬁﬂ %‘ea@gf@ WECHNESr sempressiy et 9penisd ssmifRphede

raw rmeal powger, into t fillin hanmber. . Here, the contact rf.ac
(t\rllve pr esg‘ir\é\gu%tu‘l?l?té‘é’éfj‘rg’?’gt elo'ﬁigﬁ&‘ﬁnﬂeﬁegﬁg T ORPHYCr I RE éh?‘ﬁ‘étmvﬁ‘leh

the raw ng is set to be smaller than the cross-sectional
area of tﬁ‘gégrfq%ﬁjﬁ%ld(‘:hanber. Therefore, when the pressing neans is

kept on prfgg'gnp agai nst the raw neal powder, the raw neal powder is
forced into the space between the pressing neans and the inside of

the filling chaRBfding to the invention of claim 1, after having filled the filling
chamber with the raw meal powder, the raw meal powder is oriented in the
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. Hexre,
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
eross-sectional area of the filling chamber. Therefore, when the pressing
means is 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



[ 0010) As a result, the bonding of the particles at the tine of
charging the magnetic field is once cut off and the positional

rel ati onship anong the particles of the raw neal powder inside the
filling chanmber changes fromthe state in which the neal powder was
initially filled.into the fill i_n% chanber.. And then, out of the .
conbi nat i GWATasES i dhe magngficrontaien disghenckers willke megnahagees in
orientati irgcti t (| . S i t .
crystal fﬁg%ltgiﬁrgl gﬁ%?%cglg&@é%q nsgnfr%g?{erq{gﬁﬁl ?Igo(r}gs?%l{bl %g{r%% a&'i?%nrgatlon

rel ati onshiepatgehstipnbenedmbDies. Oi:eCfiys eaysthl Fedstheed surfaeeshivitigng
equal crystal orientation relationship get conbined, firm bonding

chai ns ar equel sektalserientation|relationshipr gett epmbingd; Giredbendingcdwingeare
combi ned or joi,ned w thaut ,clearance in the netic orientatian.
oot on Torpn 8% ikl e GBS at e SulRRES ke CetbiRe i dinad,
crystal fr d S; A6 oC i b sake I n

et o oFfnfle RraRees R C Rk dede b HiBaM B BIARATORT BY Rius
per manent cmagpeissidn aholdngrte femiiprodduct éncehich ithe egyledli fyaciureidhe

orientation. [0011] In the inventjon accqrding to claim]l, the
met hod pr eUEFaAssy aFe cophingdnpiithay eleasanee) inndiepgaancdic riantation

pressing MRANS FCWER LAl bY iRaidd @ nBf-hehdly BEGRRA

) t) g ﬁXgé&eYvhich is
pressing means over an entire Cross-s Irénal’ area of the°ftr1ing

chamber. T@frotferbutetico®a irréanee if Eoldaititem, ni xed in the filling
chanber. By thus changing the positional relationship anong the

particles inside the filling chanber, there will be nore chances in
whi ch the qo§sljal fractured surfaces having equal crystal orientation
rel ati onship get conbined. This particularly holds true with the
filling chanbdn thhiinkendonexicanding fonchuims$; sectietiiod [pRéizably further
nmet hod preferably further conpri,ses vibrating the pressing neans in
the pressiGPRIIYE @apgIng thenpositign off the RIss IRY mpans FAHEEMEY spassiong
means. perform. pressing by the pressing means over an entire cross-sectional area
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
in 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 ratio before filling the
mixture into the filling chamber, the flowability of the raw meal

powder is advantageously improved.



[ 0013] In this case, if the method further conprises adding to
the raw neal powder a lubricant in a predetermned mxing ratio
before filling the mxture into the filling chanber, the flowability
of the raw nmeal powder is advantageously inproved. [0014]

Furt her, ib0or4ler to prevent the raw neal powder from getting adhered
to the pressing neans, the pressing nmeans shall preferably be nmade of
a non- magnet i durthex; iabrddr0@lHikvent the rowdeealt poveddneoinhgetting adhered
above-descri bed probl ens, the nethod of manufacturing a permnent
magnet acdortiie pyessingl mieans, thenpresesgteast shallopreféiably g madenefad
powder into a deformabl e bag body; orienting the raw neal powder

i nsi de t haopagapgoelic matarighgnetic fiel d by applying a |ocalized
pressi ng ffé@ Lo t he bag body, while kneading the raw neal powder

i nsi de the §5 ody; and conpression nolding the oriented raw neal

powder 1 n the RgRgE %o 'solve 'HHe® st Hestribod "problomBe” the Mothod of
manufacturing a permanent magnet according to claim 6 comprises the
steps of: filling raw meal powder into a deformable bag body; orienting the
raw meal powder inside the bag body In a magnetic field by applying a
localized pressing force to the bag body, while kneading the raw meal
powder inside the bag body; and compression molding the oriented raw meal
powder in the magnetic field into a predetermined shape.

[0016]

According to the invention of claim 6, after having filled the raw meal
powder into the bag body, the raw meal powder is 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 magnelic 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 chambexr.
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



According to the invention of claim®6, after having filled the raw

meal powder into the bag body, the raw nmeal powder is oriented in the
magnetic field. At this time, a pressing force is locally applied to
t he deformabl e bag body at a plurality of positions to thereby knead

the ¢ aw neal LRRNERTyIMSLESILAEAbEINDRY ;mARRETTb Rl IO G RETR

t he bondi ng anong articles at t rging the magneti
field is onae fvisheld prddecipedit benaf Highatleasishi wikownotdrbalence or
particles inside the bag body changes fromthe state in which the raw
nmeal powdbregniasity i oriemtation,ithereby Dgﬂaunnm high-penfersimgebwgnetthen, out
of the combinations of the crystal fractured surfaces in the magnetic
orientatioffdi7tection, there will be nore chances in which the

crystal fractured surfaces,hayving nore equal crystal ,orientation

Fel ationshi p BeEliScTAenOICIRRLY Hifo MAPSH AUrHieR SQImRES ST A8 tRaieng
equal cr I i i i anshj G
strong bRt el Rkt flubficle BnF rBiRE RN R R Jof5Y Oobbrt T2

wi t hout  cileamakitee bytogthict hapgbddy dBlger, the Heowalgitiey iof the irewtabalopowder
direction, Then, by conpression nolding the sem -finished product in
whi ch t heis@dyartagequshcinnrevedur f aces are bonded without clearance in

the magnetic orientation direction, the sem-finished product wll be
of high de{wlgy wi t hout turbulence or irregularity in orientation,
t hereby obtaining a high-performnce nmagnet. [0017] In this case,

preferably thelmthtabdwer ideenicompthsesethiod dgrther tdoamprwesealstgpwder

a lubricant in a predetermned mxing ratio before filling the
m xture i $OSCEIRE Elé"g %é%l@ff.e&rﬁéﬂl,l'ﬁﬁés qfﬁxﬂéﬁﬂ}lﬁ propompgeﬁgwnng};glded
powder is /@l i ved;: . e

vent | on S halhERae i nl £ WElton W He moldind st pl M #lace, of the
ori ent ed selding stepshed product or conpression-nol ded sem -fini shed
product, in addition to the nolding step or in place of the nolding

st ep. [001@1}19]

In case the raw meal powder is for use with a rare-earth 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 be
made small. In combination with the fact that there will be many chances
of combining the crystal fractured surfaces of the raw meat 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 I is of a uniaxial pressurizing type in which the pressurizing



In case the raw neal powder is for use with a rare-earth magnet and
i s manufactured by a quenching nethod, the crystal fractured surfaces
can be nmade large in area with the raw neal powder being of angul ar

ﬁg&f | Sii&;??“%gﬁ%ﬁ% (pggggtng@ﬂ;&ang@g%%ggg?ggo%aﬁaigﬁgs? gt "
urf aces GCHTR dnf HERGF Bk R Y eh P BuERATEE by RRRUEE L, ot on

relati Onsmﬁbvetthﬁé%gg ;ﬁ@teoiz & §12pb<Rld £RiLAN PRe WIS i@f%g%%a bya, .

superior. [ Best or Carrying Qut the invention]

ref erence plgrdlfty cA&GPPBRNYE BEl U WV D ShickR pdASHatE thidugh fhe hRerfidee of
a conpression nolding (or form ng) machine 1 which is suitable for
manuf act urlizng Therather eadtof egehvp thesupsating@doninsol3 & douphidd to a
enbodi nent, in particular a Nd-Fe-B based sintered nmagnet. The

conpr essi couplhglphgeriscwhneh Is provifedabalowathieddasprpdaieut2.zi Dige towding
whi ch the E)égssu_ri zing direction (pressing direction) is orthogonal
to the naghateikt sricaneateidote aldriving oreanarstchas amcylasderplodtld df2a whi ch
is supported by |eq, pieces 11. Above the base plate 12 is disposed a
di e 2. Thaydraulic eindgydra knowyp canpiruekipnt y Aseordipg to thisgreangement,3
whi ch penetrate through the base plate 12. The other end of each of

t he suppoi‘b’i%’@r%fdpglﬁh% ?q‘smr by wﬂ}cerdtlmea teéﬁmq%dgnngée qwmgsnﬁitg

provi ded hgl ow .t se,.plyate 12. The coupl i | ate. 14 i.s cannegted
P dr i vitdg oy, R iB2 irtelios imevoatis T shEpResShg g AeCagh tnddr
of a knowg ruction. According to this.aryangenent, by operating
t he | ower 1%&5?3’%1?%&]5@”%{0\&&% gél} ﬁ%rsg%”hﬁ%/% {'he coupling plate 14
vertically(0 die 2 becones noveable in the pressurizing direction
Y, i.e., in e vertical direction as can be seen in Fig. 1. [0021]

I n substanti alfh 86 MY ehe Eﬁﬁ%‘lafr) altet t‘illieedig’z,Etﬁ&fe?ﬁitﬁrﬁlgaﬁﬁg%gfh

through hole 21 in the vertica ction. Into e roug

there canhbk i20sey té velrtiem Aile@ViBh. STRR tite [(RYSUH MRk 23 1thdteCour De
vertically disposed in substantially the central portion on the upper

surface oinddreedydsmmpl hiveerl@idena dowanpanch Glexhhdisupieicdlly \Bhesvselidn
| ower hydraulic cylinder is operated to lower the die 2, the | ower

punch 31 sebstanéradlydhentemttdlepdmittivaughtiolipp@isunfher ebsheabasevpliage 12 in
(filling chanber) 22 is defined within the through hole 21. The _
cr oss- secti anainethapeentendhapwisugh Windre the lewavi hydizailici sylinder is
appropriately sgl e(I‘t ed from.,a _ci rcill ar shape, rect angul ar shape, and
the |ike @pp@ted ig lower phe dhpygethe lavy ryungheBdds nagaréed intet thesthyorsh

mmgnet . ohofecth anBEILY ity dRURE ERTbeRorhds dBbel NaHurdde fugueh
respect t BORn@ican e, 23¢ sofifr SHuiiohPapmiraRiondt L RS2 s
cavi ty 22°BPyIdiitely SHBLn B0 b irBRE nigb ¥Okine A PNV A8 Pl 108
e hot BRI bl nelniad s aopage ey pe) LEHOT
from now on. In this embodiment, since a sintered magnet of rectangular
parallelepiped is going to be manufactured, the cross-sectional shape is
molded into 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



the cavity 22 (see Fig. 2). [0022] Above the die 2 there is

di sposed a die base 16 in a manner to lie opposite to the base plate
12. On a |lower surface of the die base 16 there is provided an upper
punch 32 in a position which allows for insertion into the cavity 22.
I n additi éhe cavity 22 (sex Ry, Portions of the die base 16 there are
formed through holes elongated in the vertical direction. Each of the
t hr ough ho[@gbﬁhs penetrated therethrough a guide rod 17 one end of
which is fixed to an upper surface of the die 2. To an upper surface
of the di e badéore thadie 2itheroimdispesedaa dis bastgleribmasnanver txlig
cylinder rod 18 of a hydraulic cylinder (not illustrated) of a known

O Beconen mauanl o vor 1 L0 Lysgli o bt e, 0 he L ote Ly o
conssyertrtitabuffes lnctol Sikarll vl L Whanbibcuo e
Accor di ngcmwﬁ% %ép ﬁﬂg@%dg , ghstw_f?%r Eg%é"r’ﬁ;‘%?l}ﬁég%iéﬁ%ﬁﬁ gﬁpgg@ﬁ ,
iﬁelrogb;regﬁé‘r%? Wre |§ai i© %%Sgtyr!u’g te plél_r&g!na‘g:tgwg ﬁB\%ﬁ? BUngﬁgs gf 32., -
Cﬁcg%lhdﬁaeg’ﬂglf %ﬁet’%&? 2 tgllre)?ﬁfg)]cl.{%% gglﬂg %}cfmaong Q043¥ whla}é

addi tion, e to an odter re i s provided

a magnet i i g v4 S ox: [
or "o ign Thared fo BRI RURRRRtR b f oo 1D Ip SRR b i LSS

fiel d genegahergisdmaeatadsa driving nfResatchy 8@ Eylisdéd bdST8 afat 0
sandwi ch the die 2 fromboth sides and has a pair of yokes 4la, 41b

whi ch ar ehydsieulid cydinderdabaiilistgitedh ofra o e cqrsst el i tWheuathias
carbon steel, mld steel, pure iron, pernendur, and the like. Both
t he yokeshgdeqaulid tylivdes inopearhtet ctteadeuraseckdi becosds mé2ableBsertically
energi zing each of the coils 42a, 42b, static magnetic field is
gener at edghided by the ghisle redariTomd, coosetisydhatthe appae ppnek S&rbetomes
di rection (vetﬁipal directian Y), whereby the raw neal powder P
filled i nMI9y& Q:H\,];]ﬁ,vgjzcgmn}gag 19pis@isdg be inserted into the through hole
21 of the die 2. According to this arrangement, at the time of compression
molding, the raw meal powder P is subjected to compression inside the
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 therearcund
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



[ 0024] Here, the raw neal powder P is nmanufactured in the
foll ow ng manner. In other words, by formulating Fe, B, Nd in a
predeterm ned conposition ratio, there is manufactured first an all oy
of 0.05 mm- 0.5 mmin quenching nmethod, e.g., strip-casting nethod.
On the ot hevith@2dkant bheodentad. be manufactured an all oy of about 5 mm
thick in centrifugal casting nmethod, and a snmall anount of Cu, Zr,
Dy, Al, or [®24hy be added at the time of formulation. Then, the
manufactured alloy is subjected to coarse grinding Eﬁeknowm hydr ogen
fin

gri ndi ng st ep Hene, the rawbnesjusmwder, P ssibjarorfactured §iavdinggmbypnest
mll fine_grinding step in nitrogen_gas atnosphere, therehy obtaining
a raw neaﬂnmih@érW@ﬁSagarf@g@%ﬁmgcﬁ‘ee B M m anpregleteggminedocompogition
t hi , If hi thod i I d,. th I P .
Wil bo oFalifgdhare par mamasnap. fferdr glley ohd-h carbr “old Ry
real pondGRePCRRE B thate dmbir i Sosare metiods, 8 6 v derd
fl bili th f.act d,as aboyve, t i
hddeq to ot baReli IRl ARONS of aBBOR it siE i BERYTnes Fosring
S ! .
ratio. T %e}\s%gﬁgﬁpaa[)s%?l %fh"c‘!tuﬁgadf @QDAQFrIng)é 4 o;rh@rﬁ rﬁgﬁltbﬁegaéi‘ﬂéci‘ at e

| ubri cant rrcan re 1s enp S0l rircant or "a
liquid | ubyg t [ o] i j t e+ diLar
asserl y. THO35 o RUdtel OGS IR, WA BRPE ol FSREcid ) thape
lanel | ar eeimRHE®S WK Y\BSdrddedeg iR ted andNs, HibseqaBdtlyheubiekel to
soft netal (Zn, Pb, and the I1ke), rigid materials (dianonhd powder,

Ti N powdefineagsindheg Ibiyk¢ot, ntlgfine cginalineessep T ERtRReadgag!dthtwiphere,

nyl on based, higher aliphatic based, fatty acid am de based, fatty
aci d est ethéxzbgdbtaetiaglaixzve omgzl ipaseldy ofiaderdge patele sizetdiameter of 2 ~
particularly preferable to use zinc stearate, ethylene am de, and
f1 uor oet hdP basedlnyrtbisease, if quenching method is employed, the raw meal
powder P will be of angular particle shape. Therefore, the area of one
crystal fractured surface can be made large, and the clearance among the
raw meal powder 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
in a predetermined mixing vatio. The surface of the raw meal powder P is
thus coated with the lubricant. As the lubricant, there is employed a solid
Jubricant 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 (MoSy,
WSs, 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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[ 0027] As the liquid lubricants, there can be |isted natural
grease material (vegetable oils such as castor oil, coconut oil, palm
oil, and the like; mneral oils; petroleum based grease; and the
|ike), and organic | ow nolecular materials (lowgrade aliphatic
based, |ow grade fatty am de bhased, |owgrade fatty acid ester based,
and the |ilap partigudaglyrpiedaraleiopnss sitmpiearateysdhyleng amides gnd
acid, liqukd fatt Ci er, and liquid fluorine based |ubricant.
Liquid lu ?%gﬁtﬁlsyg%gd%gg%gw th surfactant or by dilution with

sol vent . Tgﬁoz bon residue content of the |ubricant that remnains
after sinteri zflowers the coercive force of the magnet. Therefore,
it is preferab : I u i r t ikl

the rempval {Rofanr FhChabI s e (Buibp JE5f AR el el
| ubri cant (vegeidbtbsdotle subie as aastoe alil, poodant &il, paldn oilo andethie Hkeayanimeral
a mxing ratio of 0.02 wt%0.5 W% If the mxing ratig iis |less than
0.02 w % QUhE PPUREID; baseds graaseq andythe;likedapug Riganie lam malgeuiss

. 3 ! ; o e
the ot her aref18fE TG btate MBI WAL I drall) oy SRIR s
force | owgow-dhaliy fithe aclif bsten®ased, AME thalikel. Iteisi shiticaRit e prefcbable

remains in the sintered magnet when the sintered rra(il.net. i s obt ai ned.
Further, ite esséiquidifgttydacidpdiqyadifatty acideester amd liguid nfdadripevishsed

P, it be added.in . f 0.05 wt%5 W% Jf th i Xl ti
s less t HARTGo0E byt R asnare Map AR B iontagians A pEvEILRTaR pyich
not be i nyves alide GRBSRAUSINY cohbdteot $hé 199?1%35% !th&b’ﬁ&'ﬁ%ﬁﬂ&t B¢ter
orientation w not be inproved. On the other hand, it the m xing

rati o exceddsefingt webhe theecoetnaveofamrd ofiethe muarett HEherdflowende iof

t he carbon residue content that remains . in the sintered magnet when
the sint er@&ﬁmgkm use gt geulay Wghwteaﬁst Ffb?amﬂﬁ@tpc@ﬁt@mwal

both the i i : the liquid lubricant are added, the

| ubri cant ?ﬁ%ﬁfhﬁ@%ﬁ@é&}:ﬁ} ‘ead to every corner of the raw neal
powder P and, due to higher lubricating effect, a higher orientation
can be obt ggf& [ 00291 Further, the conpression nol ding nachi ne
1 is proviaeo th pressing neans 5 which is novabl e toward, and away
from the cavity 22 so that, after having filled the cavity 22, i.e.,
the filling chanber, with the raw neal powder P containing therein

the I ubricantdn &A&S pt i ¥H1d bR a@EnY asidledn taotle AgvbynedlpAow R the
upoer, 209 ARELPABSIES ik 18 L RNIhRIRBERL 0 S0 0B P8l A i
kneadi ng thgihgWwatiRals REwobanf).00 s, chyiflowaBilityroftis aElﬁ?ziﬂ&“V\Aihié?dl
the static magnetic field is generated (in the nagnetic field) by
ener gi zi ng Riwillhaot be limpaoecd and ednseqeenilygtles jogieptatipn will not be
generati nqn%)l%%re%t. 'ﬁné‘the other hand, if the mixing ratio exceeds 0.5 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.
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 wi%, 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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10030] As shown in Fig. 2, the pressing neans 5 is made up of; a
stationary frame 51; and a lifting frame 53 which is suspended by the
stationary frame 51 through guide rods 52 so as to be novable up and
down, and which is novable in the vertical direction. The stationary
frame 51 hawiconist bothdhesnlid lopticanieand4he digaid lphseant axedaddeal, the
which is el ongated dowmmward fromthe cylinder 54 is coupled to the
lifting fhamicadgs will be wydgly spreadr ingeeryt eranet 0€ the ramngeal owdsz Ps
noved verti ly b thecllnder 4 On_the | ower surface of the
lifting faaéetlls@t@ ﬁe&}@ll Wbrisatiag edleghiarbigher orpm takior kan eqldataced
in a di rectI orthogonal to the direction of novenent of the piston
rod 54a. T@%}I de rail 55 is provided with a novable frane 56,

wenber 57 i n 3 HEHers %5%5?%%20%@&&”%%%5“ t Ei?sféé? R WGER Atgesing
hon: magnel i it Jyhish B ﬁﬁ“@‘ﬂ"ﬁ{“@?& nae”efgﬁgay“ﬁg& b3, 8,2, & rhet
ether ket o nalter b Bﬁ%ﬁllﬁ&'t‘m cf?a%?t | % ﬁﬂ%@‘r‘&?b@f »%‘%h%%tl%\{‘hf‘e%?

st eel ; ccor to thls arra

powder P ?%d@? PesyRhRth Eﬁ@z‘&rg%b'lﬁh%ricﬁ%% Fdsed RideYt jﬂ?@%ﬂ:ﬁéséx@ﬁ

magnetic field can be prevented fromgetting di sturbed due

adhesi on gfoldihg byaw mﬁbflﬂm\ﬁiPFePanJHSWQ{ Pgches Bil oaﬁl(m@lcﬁ@gtﬁtefm&he

pressing nenber 57 may be snaller than the cross-sectional area of

t he cavit yaR2msal ptvatiern Pocad bt erridied (otieatatiae stap) ihetheomagdebietfisldn
the wall surfaces of the cavity 22 and the pressing nenmber 57 when
the raw nedlilepknereding the name swead poydend® pr ehs cagity@@pen a5statd-omexkech
taking the workability into COI’ISI deratlg‘ is preferaple to set

the crossthestatghmagnesis ﬁq! tﬁegqj}fégtéﬁ nn&ﬁbmagmtmcﬁrddbm anexgizing

1/16(1/2|(gh‘;1|s er]io % ee Fig é Even in case the

cross- sectf@hal t sct "c: gm@grp@ﬁq) pldsgenesagag apparptusod. t he
cross-sectm]ﬁi area of the caV|ty 22, it is necessary to determ ne
the size s a]t t he pressing nenber 57 does not contact the wall

et o ls I 1A HRec Ry b pidss ARG SR anERE R S 4 Sasionary
ressi ng. HeHe 155}?@%;}%1*32&%\%?@; $ $rfich i MO P el Aokl
which is 51\%&5}@& LN@E Yol &2 a!; tBrlfH‘mo?)a%?e ky t&?a d}t?(lﬂ{‘ 2P VAREh is

that is sinply ofthogonal to t axi a rectio e pressing

menber 57mov@BR2In the vdi®ical @htc@ﬁ@hy mr@taiﬂoﬂa%ywmfeegl qnast m)lﬁﬂbde
rails 58 which are elongated in a direction orthogonal to the

pressuri zthgedn reeylinderY54Byndau pistgnt vl pigsehiel BesmIgdedodewhiard
along the guide rails 58, the pressing neans 5 becones anabIe

toward, afidmavhyg éEylomdert b cavoupled2to Ithet lifting dsamet 68. pdovds fleedisog
apparatus may al so be rmunt ed on the sane guide rails 58 so as to be
novabl e t avvanged dbat dheyliftimenframe Gald mowed. vanwallyhley she seyilimglemehs

55, 1 ﬁﬁpﬁﬁgﬁ gD 70} Ghep itns Brect 68 e o oraed & E@z‘dﬁe&aﬁ?'ﬁ'ﬁs
pr essi ng f t&eid &O%Egtﬁd m's (P ?egtxo%fmtﬂggér? It%nth%fdltlglc anagf n%vement of
 the piston rod 54a. The guide rail 55 is provided with a movable frame 56,
[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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100331 Al t hough not illustrated; the above-described conpression
nmol di ng machine 1 may have the follow ng arrangenent. In other words,
the guide rods 17 are provided with a shutter in a rotatable manner.
When the raw nmeal powder P is kneaded by applying the preSS| ng force

thereto b}’%feheqnnféf §ﬁéh“& T@”@%&aéﬂe%gﬁz&p%ﬁﬁ e f1 mﬂﬁnga%ﬂbttﬂlszz

is closed utter so that the raw rrea po

kneaded, hhanrc@memlthmomrnﬁaﬂqam&mm ednf benp@sidnitad ﬁi‘bhﬁ%h:@ﬂn@o
the outside of the cavit [ 0034] Now, with reference to
Figs. 1 tnm@@@me@ﬂm @t thmaignetip dfigldoeambe tprevertad fEenugethiggof

he Nd-F d dj enbodi

o hedRoAREC a7 1 SRR TP RE e PP Aol T SRR BB
posi tion hfeanBF ¢he tﬂ?@sﬂﬂﬁ%eﬁiﬁe&@ﬁ%ﬂ beh@m#giler ¥hé’ﬂ‘(ihé Reo4QuEE i PAICH
31 are respectively flush with each other, and in which the upper

punch 32 asea nftthe egppty 2@nedo (thae ang:del&:mirkaal blehrant¢ caoybé fdemeids

operated o lift the e 2, tot redet er osition, thergby
def i ni ng PREVeER RS il Snefases: ot hPBYIEH R4, L DSLERE

t he powdey,f.ee t t ﬁ?@é ¥vcgef P
t hat has gggl \E/iiﬁ/e?g gﬁﬂl%nﬂ @gﬁgg l;r%g ft&%ts g{%e@ agégtﬁesgﬂﬁl% B2
| ubri cant Howvegeltaldes diowogdbility img comdideation, fit isllﬁdfetalﬂ@td stwtueadtbw

22. The powder feedi % apparatus is then retreated. In this case, the
density o$eationa r@@ca thgpressing paeber 57 #o aheut dv? ty 1é126 i(&/2% th’é

be in the_r 1 % he_ val cav 2 1in ord
Lo | eave FRERHGRRED " frsbehtd Sbr EVRn PhiPie dhe st Rtelidndicatdh, 8108
[ 0035] pres Nmemb@r B7468 36N IRAITIhe c!réss%%tfbh@ﬁ%a%tmﬁ@ caﬂ@y Qavitty
22 such t at the pressing menber occupies the left half of the cavity

22 (see F1sgsecezsanydttﬂyletemlene the sizgl smtta‘t tha prsss:pgrlacmber 67t dumseyt

| th t 4a,. the Lifti t hat
e, pr ossFRARERL P SRR WHIGH dRfing (B8 G tto 2w AIEHIO RaREA!

powder P jip ?&'Qﬁlﬁgth@kﬂﬁ’erh?bfmﬁpebée&'b?ﬂ?%{)l?y dellécteavad e[?d?mésgllgdtlﬁ o

4(a)). At the sanme"tine, the coifs 42a, 4 of the mag etlc
gener at i ngragspaectionald shapechfithedanith 221 eforthelrf yhe vinentlendaof the

?ggﬁé'ﬂco&e@%ﬁ@l RIDeF (51 Shalh orelbRE SEook gt DEPiEstEth Sia?llerwgﬂwg)
0.1 koo - BRER eri*n PA°EET IS g TN rde Sl

t he magnebitboddnel &b the ahﬁﬂqwe&lohme pidisingenémbéri7shed product of
hi gh orientation and hi gh nagnetic propertl es cannot be obtained. If

the intensity of the nmagnetic field is greater than 10 kOe, the
kneadi ng becones difficult.
[0032]

The stationary frame 51 is mounted on two guide rails 58 which are
elongated in a direction orthogonal to 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 power feeding 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 is stopped by a stopper (not illustrated)
provided on the guide rails 58, the pressing member 57 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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[ 0036] Subsequently, when the lifting frame 53 is further
| owered by the piston rod 54a, the pressing nenber 57 is forced into
the raw neal powder P. In this case, the pressing force of the
pressi ng rTEnber 57 shall preferably be set to 1 - 50 kg/cn2. O el se,
it may be 5033} anged that the pressing menber 57 is vibrated in the

o couCnve SRRt TOMB e e e ae et maling
di spl aced into the cl earange tween the pressin er 5 dth
| ARG Ao Ayt TR Py 19 2r RGN D FEBST BIoras, Hggurde
!sﬂPsgc\gaof. %52 7prgssi n nber S%Eﬁ d the Ia al owder%P IS onI_:}/
nal t the EP9d7ABERSREICEIR aphuir g pptebabiomahady Wisr e
befor ot nesSaRy R Tl ARKAR, B9 Flulyip hETBI U TEL Bibpgety ehe
tact w 3 . 3 . : j B 3
o once | PFESYE ghMBlr W he pho Rublebe, off fd cpriff 242 15 el BYTThe

posi tion kRufel aBtthal ORBTE the ralh&lbal i dBRVidMefnd kABRASE the 1Ry Bskdl0
align in position so that the pressing nmenber 57 1s positioned in the

right hal poRtlet @is?;ﬁ‘ébbﬂte&frémeg&)tﬁir%- spfta€hed: tolilel didsidel of t@n@%fﬁitjlycﬁﬁ.
the electric charging to the coils 42a, 42b of the magnetic field

gener ati ng[@@psr atus is not stopped. Then, the cylinder 54 is
operated to thereby | ower the piston rod 54a so that the pressing
menber 57 is Nowesithmederehee taligral tipowghré,R (eseificn willd)e made of
Fig. 4V. Series of these operations are repeated for a predeterm ned
nunber of thé meanufmcteringnef thedd-Fedd3sised sinferednmaignet moeerdingrial a
exanpl e as descri bed above, despite the fact that the vibrations are
appl i ed bilrsthembegamept isingdhe romprgssiopuneldingnmegbing de driysty drom

the. nagnel i SEHIEEY RSP ARG DA SPBRb A BREPLLREE S dgorige lowe:
moal powdipngh S A28 Hedeq ey AR bE R B b a8 WA Ehg "
carri oq obphiel B RIRRRMGTE ke g SNPGRS (B Pobyped
bar t1 ol oo ] Ry PR £ Bk bibdebbiin BTROROTEDN . HelELy BB Mo bty 22
char ged V‘ids'id@et}@%r&&'%h Ohdle @nd t’Pﬁeﬁ,a‘Ny”?r?éar%P‘&?eﬁhéD ﬁlﬂvlrclerQelag[ding

oriented while getting kneaded in the nmaghetic field. As a result,

the positappatatuel(abi dhahttdted)Tahe rhlvempal hbwhes Pahat hsranmeaighed in
powder P in the cavity 22 varies fromthe state in which it was
initiall yadvdhedandtthat thascaldedythi22etoThdobriesahl i Aysredeteronmedhainaeg
for the crystal fractured surfaces of the raw neal powder P havi ng
nore equatatis ystizalledrinémthe icanityePat i Thehpovder fpedivprmpipeedlungdhene
crystal fractured surfaces of_ the raw neal powder P having nore equal
crystal orateeated; odnrtdusicasendhe slegsitydifbing theeraav veal newdasy Reu the

o U R BB i B bl i i s U

o o 201 o kS Sl PaFORS DO HARbIRE GE
[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 1s 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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. [.0039] Then, once the orientation step has been finished, the .
pressing neans 5 is retrieved. In this case, the electric power
supply to the coils 42a, 42b w1l not be stopped. The die base 16
will then be | owered so that the upper punch 32 is inserted into the

penet r at i Of thecavity 3% ¢saeakiigfal)- Aiddectame, dings theragilsohZmotZ op the
d, i tate in.which th ic,field is.bei d, .th
o bR e g e PR EHCt b i R S v o

cavity 22ppyneB@Fel@fist Bénebatbd. B thﬂecééﬁjg%!i GaeE kOVBUtaiRUAHIEE ot gocd:
The electriC supply to The coils 42a, 42b is stopped after a | apse of

a pr edet epnientdian, e is prefehallesivatary amp rpressing (nogidghgvith thhieressing
maxi mum pressure i s carrieg out (see Fi 6)... .,F nall radual | y
fai sing t FEARPIAn tBe SeREar $tatg MRARSiF ;9%8};961 ke ~p¥%§% gl,‘eaf@%giy of
conpr essi di epr 1S £kl f d
(ol di ng g?j ep © A(I?Sg%@hi gfg olfllltt%#sz{ﬁgfr g%g%ﬁg%%?ygg?%gg egg%%?gkgghéh‘%ws

carried ogémi-firdsidddt@odocwifchigheoria@matieg! ambvigh Bdghetionfesperties
w t hout clearance on the fractured surfaces in the magnetic
ori ent at i 6anERt e obérinpdsit the intergiteef the magnetichliel dsivagreaigyi then 10

being aligped,in th netic ipentation direction. Therefore, there
can be ob |Bn§’&q§§‘e ﬁ%&g%%g%ﬁ @%ﬁﬁlﬁ ed body M (pernmanent magnet) which
is free fromturbul ence or disorder in orientation and is of high

density. Tm)%ggneti c properties thereof are also inproved. [0040]
As describ her ei nabove, by carrying out the conpression nolding in

a state in whi ghbsdpuenitlist wheh ribet lifiegl Frarhacsss iaraerthendedeséd Suthe
cl earance in the magnetic orientation direction, there can be

obt ai ned RistewyKedAsi the prsksing mewheni7 whifensed éntor ihe mpomealipowenBe
in orientatipn. As result. the nolded body increases,i trenqgt

and can' | D0 6%, Tod BRtRsine dPfente Uit rrrig BRRE"Y sBelbRigabinn
of high nmagnetite ProperkdRem* ReF BRRERHM nHROIBEIsh £@8nBed QHétatl{hegresLsfhg

this case, if a resin binder is mxed in"the raw neal powder to be

filled i ntenber §avs twibptedtinehe massing dinectioredn & keownanethodyrOnge
bonded nagnhet (nol ded hod

e el R e sRORE e BGPSeiBtn G24h 20
powder P will be displaced into the clearance between the pressing member
57 and the inner wall surfaces of the cavity 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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t/cnm2, nore preferably to 0.2 - 1.0 t/cnR. At a nolding pressure
below 0.1 t/cnR, the nol ded body does not possess a sufficient
strength. For exanple, the nolded body will be fractured when it is
taken out of the cavity 22 of the conpression nolding nachine. On the
ot her hangdg4 iat oersbdli oot lureb ub%exméeﬁismgn 2ol $4£168, titathtled) presdihpg
pressure will be applied to the raw neal powder P inside the cavity
22, resul ineigbém5aipensedihiot thet ot nidd povldr R (see Rigr t(e@ dr@uFipvai(lle
the orientation is not in order, and al so that the nol ded body gives
rise to cBarzicagl thesr apdriabigns lame adpédtiedrfor alpeedeteenghéd afirmbgnet imes
field in the nolding step is set to a range of 5 kCe - 30 kOe. If the
magneti c {dreerdilngs@p@th is smaller than 5 kOe, there cannot be

obt ai ned a, nol ded body of high orientation and hi gh magnetic
propertiesm(ﬁ\cj he other hand, if the magnetic field strength is

| arger than 3Q kQOe, the magnetic field generatjin pparatus, w |l be
too big to beAs Hrthegonveppanal %%WP?%fatSe es&&hmén&qvgaaeémtaythe Pact

PR D T A e S b5 kT B 5.
eSO PR THSA SR S b SRR R o,
it or | ngo STtk e hpeh i S AleRREn TueFTpl A sl O BRGNS not
o B2 N A SETIORT s Sl B PRSI v

agi ng prOf‘r@a$g;ramde@_1an A5 20F R NBE 82l i o | I SRS EP THARS chates 1@l iR fthe
time at a predeterm ned tenperature (500C) to thereby obtain a

sintered fmRgMticXanftatiBniisadion. ntI¢ (ke compnedsion Hdd3lg is carMNewoudiihh
reference to Fig. 7, a description will now be nmade of a conpression
mol di ng nHukistate] Ghevoremtatos willdid m dmordenufticthe otterahawd, excearding
per manent nmagnet, particularly Nd-Fe-B based sintered magnet,

accor di ngta thia esdoshentbtdi hardingfoftthe partickeatthah havedeenmmee $oindad
nol ding machine 10 is, |ike the one for carrying out the nethod of

manuf act uMPgY &%H&%ﬁh@dﬁ@érlﬁmmed s»vilbh?mmw ofprand fhe anmameal
i rect oY 4P ndbe ai‘igpséf{]ﬁéﬁ%&g%%gﬁ&aidgaﬁaﬁiﬂé'ﬁrz)%glg@g@ igif i
120 which | ' 110,
base A GG (he wostovil taRRBEE St 4R8 S éﬁpair%*fdrﬁg%’ea%ea‘?
. H 1 e 0 1 .
D uralt L RLaSRPRL kS BN AT WL IREHEH 3% AD B8RS
PO poEd SAUP ChoSaRich 8. 148N G\ cholt 0 fIRY Ol tBF tRBEystal

pl ate 120. e coupling ate S connec ving nean

such as afygyiiredesurracesl 8P the ﬁ\@%ﬂééplpioﬁ!d@‘llgr}%ﬁn fm@r& l.Cl‘gFRl/

construction. According to this arrangenent, by operating vertic
the | overofiydifaaitn cretdibnglep to gdiercohibifieye tMgeccatpl ichgstR] afrgctkied

vertically, the die 20 beconmes noveable in the pressurizing direction
Y, i.e., surfades ofethé calv dieséqiovateraR bs@engi mofd g@quil 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 orientation 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 is retrieved. In this case, the electric power supply to the coils 42a, 42b
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[ 0044] In substantially the central part of the die 20, there is
formed a through hole 210 in the vertical direction. Into the through
hol e 210 there can be inserted, froma | ower side, a |ower punch 310
which is vertically disposed in substantially the central portion on

t he upperwslinfoadr @bppdie bRsedR Big 1@WilinhanBylowerb® s6Xhenthappped.
When the | ower hydraulic cylinder is operated to | ower the die 20,

t he | owerpypndle 323kUnserteddrtd gk penetrktionthvle @hfrbml &n 2her widy ebyha
cavity (filling chanber) 220 is defined inside the through hole 210.
The crosspereiatinal hdbai aofl, tihea tdtatugh vabich 210 nfagnaticy fiRD)s ibeing
appropriately selected froma circular shape, rectangul ar shape, and
the |ike chaigedi e orwnmpressivapmaldinghel $hat eavedmealmewdenal’ isssigaterd
to be nol ded_fromnow gn. In the gecond_ enbodi nent, sjnce a sintered

magnet of INSéde AhgyaRuiky garbai mepspPple pairgyithy unpesandaloureagrunchas 3lne
To0a5] B4 an3be WHria Su thame TUISiA2pobEl Th SRPaLAESH Golanse f 2
Rt e R o
e ﬁ%ﬁf‘g%ﬁ R e R R
BOEcH 82 @g@iadqmﬁ%ag& t#@gge?%hr&,hﬁm gingy&&ﬁm ﬁ%gﬂ@gxsé%p is

penetrate eret ugh a”guide rod on'e en I'chi

an upper gHidReectheldly Hhf a%omed%dymﬂq@oggmg%gﬂ dm%r@'iin% A8

160 there 1s connected™a driving neans” suc er rod 180 o

a hydraul & ag@gkhiede cdn@ieskionUnbldheds cfridd 5001WNa GeRtihuehicBtheWiRn
this hydraulic cylinder is operated, the die base 160 becones novabl e

vertical | meglipdedeby ishieorgledaeithods cled@andon ahoSesptandd gurfabes itp pled
punch 320 becones novable in the vertical direction so as to be

i nsert ed magoetheridmatigh dnéatidi fussfint henaneei2€ oo ar danghtpe tvihide
arrangenment, at the time of conpression nolding, the raw neal powder
? is subjkeingdalignasommpthe shagnehsiodientation direqar0 Berefanas theret pan
pair of the gpp_er an ,tge | ower punches 310, ,320, whereby the nvol ded
body can W obktimieded highulespity moldedh daryi Mn(parmanendumagngtr wineh ys

of the dig 20 there is provided a magnetic field gengrati appar.at us
4 for chalgt %&mﬁw%@n&&g oF hiSeadr 4o Ghnteries @fd&pﬁhzﬁggm@?—ra e
nmeal powder. P ﬁ:hi |l e |E§ i S kne?dqd i]nsi de a ﬁag body (to be descri bed
her ei naf t BPFMEHAPTARLH1C5 hersolargalss impyqye g the raw neal powder P
i nside thggpyity 220. Since the magnetic field generating apparatus
4 is used in cgnnecti on with the above-descri bed conpression nol di ng

machine 1, a detai TN N | 1 h I gy
e 1o o ST oaci bion SNSRI P oHELEn s i
referred 4 grdi inhehRBOKR- G9§@N fRAGuldd §hrREROMTBOM PR iR W SRhradce
detail ed description thereof is also omtted here. 10047]
in the magnetic orientation 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 sel to a range of 0.1 ~ 2.0
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The conpression nolding machine 10 is provided with a kneadi ng nmeans
50 for kneading the raw meal powder P filled into the bag body B by
kneading it in the magnetic field, the kneadi ng neans 50 bei ng
provided in a nanner to be movabl e back gnd forth in a space above
the cavi t y/cppe maigepreietdindge Beans 1 ébt/h‘afs é\tsmyﬁ&dm&wgreﬁm@eb@w Ofhe

200" Ench Usit o tEe SOl DABOAS G nOTSEGER A stk Ral SR fiok B,

cylinders tﬁ@@nd]é@d @b&?&ﬂﬂdbé E&%ﬁﬁ&i whRHSIPES tdlieH SdlitneF ﬂmeadas}tywof\/ﬂ;ech

is of a cylindrical nenber made of a non-magnetic materi al

kneadi ng meanmesfonanodding mathtuee Godhes8benhant, at asmmb@m@epirdsyure
pi ston rods 540a di;ng downwar.d from ot her I| nders 540 nount e
on the sufBEIg ity 31} ZR 5 GHE GBABIng brosye Wik Y Aach 38 e 4abt ngs

square col %Wlf’crr P *ﬁi"s‘??e ‘%é '&?gfriﬁggp %énﬁ%‘x&%‘c cs p'oﬁ&inl fhat }lﬁhg nid1B|

si'de surfd&ces thereof are suc a“plura ontrn

proj ecti ogarded odeprieidsithevridmatiendatned. inQrdeheand ta&ro ﬁmcthelmotdw
inner central portion of the bottom pI ate of the franme body 550,

there is fediesives pisejtecaragingort Fisakung. dormsidston, trerrangsinet sargneso

tains t whi ch fil
Shove. desdisidc s RELPRR sBo TSN Drdfeeal ShQfga 3005 &b

The bag beghy, Lﬁticsfﬂéﬁﬂj@tl%fngﬁl @@fsﬁfam?ltﬁaﬁﬁﬂ RO@'th&l&Ehlﬁﬁ)trWBEfamed a
el ast oner, poI yethylene, vinyl, and the |ik "After having contai ned

t he bagdbmkyldleu bedyienlﬁ higte obmﬁgiaﬁaﬂ meh?mgbﬁnagm?tﬁqlpmnefmeﬁmm e
oper at e SI aneou or wt ti | er en en

el oy P HABEY themagnatic BRIAbHasREInIS dateeioth a0y R Dl e
530. At t t
around thgl] %Ll}khggggfa@ﬁ? W{f@] ép‘glrl%a?%ﬁg)qggé@ge?g?ﬁﬁg vvg:‘) ggnt gr

intrude into the recessed portions on the side surfaces. As a result,
the raw rre:i\bmwjer P inside the bag body B conmes to be kneaded.
[ 0049] h reference to Figs. 7 through 11, a description wll

accor di ng 1o 4 Ebciid dHBAAt R ngr%lﬁ% % s%*g’e‘%ﬁée@%t%‘*éaﬁtofe 5
e upper JotiDPalhE i 2R d0ae28a 0 hE o ril R ShlAe Bofy "
wi th eachpd Beyit Fﬁ@@ WLl e Be Rt RGP Frodk TR uﬁgé’r S FRASAAd, Offed liffirighe

upper end (see eadi ng neans s noved to the portion
above t hetbawdig ioaﬁéz(lﬁ U as o snoventhe mppeb@gnbh&ﬂ B Hes ebivasatyndete

filled W|thth raw meal povvde at el ance, and

t he bag bé’éﬂldB ‘go Ft‘ﬁ%ﬁ Q%Bﬁ ‘g d?&é"’%ﬂ }si quntamcd
density igsid

range of 188 ﬁg&ﬂﬁﬁ’&bﬁ%ﬁg ﬁ%@ ué%m%@a“ﬁfa%ﬁﬁéw@%? io 8p £y Sfhonds,
degree of fér eeﬂ@ﬂbt&fmh‘mdepﬁMd off fife ataw preddteneingé rempertgrevai0ootC)of
t he bag body B having filled therein with the raw neal powder P is

set to a {shjerisg H6D), 80% iseluthek subjached \1o| 28 LoPradRssitgie Asbdy

550. [OOSO]tmOSphere 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-carth permanent magnet, particularly Nd-Fe-B based sintered magnet,
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Then, the coils 42a, 42b of the magnetic field generating apparatus 4
are charged with electricity to thereby apply the magnetic field. In
this case, in order to obtain high orientation, it is preferable to
carry out kneading by the kneadi ng apparatus 5 (kneadi ng neans 50)
in a magnegtihc.gkhel @ i.n n Q. ol o] af<iln S
kCe -6 kog&hﬁfd 1{1%61%”396%[0'51? g ﬁlelﬁ:{ﬁl 11?1;: ﬁfgés?g t}tlﬁa%%%?mkngeefﬁ% atfa?&)nlg%?l "
possi bl e thoIﬂPﬂi?! Ma@hfid 19 88 M@N¢he hgyd Nar hbﬁ*i‘yﬁfg eRftalth® "matkbd i dh
magnetic properties. If the intensity of the maghetic field is

greater thndfick@Engt thekneadk tesbebadresirst f Embuliimerdhenf ian @njakadle
in which the magnetic field is being applied, each of the cylinders
520 i s operatadisingultygnemusilichr thet diectibneofli pfessename tHefabysing
| ocally applying a pressing force by each of the pushers 530 to the
bag body Hifestiomhis mghepemal wahetnggndic ofiodEkjorAdirdetion;] aredtihabavmse
in the conventional exanple, even if vibrations were to be applied
by the uppdateplftwhoeh isheuppouted pyded piacheld0wni Abovethe ase platarldcs
anong the raw neal powder P in case the crystal fractured surfaces of
the parti €isposed 2 Hhe 20y nibe dyowdeis PURBPBRA| by aonkurahisy drsunportiag

ol g B SuEh e et She ba SR A e et
car r 1 ed ofech AT hF SuBPSHLTE PRITORS 80 if ORPIBALS & crwdmeapiacy TP (Thigh
v conts PR BSOSk BB sa R To0° R AaREA TAR Thbecttl®
cort1one £ % ASVIA SedlfY BRI Hs RO AT RAR 180G B3l cinder of a1
d i . id | I R
et de. t haRpWr Lo pichi! CoAWRNtIng MIP B, AfAERE| B0 Kithaling
anong t he vpayiédln) %ﬁ? Q@@@a M@&Gli&‘*&?ﬂnfi@ﬁ t%ﬁ@f‘éﬂy‘cn{d@ theesuIey gBste

will be once cut” off, and the raw imeal powder P cones to be oriented

whi | e bei ng0niesedally gheediee@Mbédmés eddheable B fles BréssurDinpdsicciionay,
rel ati onship anong the particles of the raw neal powder P inside the
cavity 22fewihhlthearytitalodiv¢dieorshateen m Wg.¢h it was initially filled
into the cavity 220. There are thus nore chances for the crystal

fractured EQ@44kes of the raw neal powder P having nore equal crystal
orientation relationship, to get conbined toget her. Once the crystal

fractured sur flacé‘_ébﬁﬂn_ﬁlﬁ&’r the rmsakradonasr ob thavilieg 2Rorthieeryual formpd: al
orTentat on oheLhIY B B0 SepdedogeL e, Liere Ll Re Tl
(e cryst al, IEACLULES Sucfagss, are, bendad ol ELEALENCE.AmD0
bar  shape;i8LETh ShbABhSu ol S BIN Sobiof" S 28t b9 AL t6Hd O 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 Iike 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 is also molded into a rectangular shape.
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Then, by operating the hydraulic cylinder, the die 20 is lifted to a
predeterm ned position to thereby define the cavity 220 inside the

t hrough hol e 210. Then, the oriented raw naterial alloy is taken out
of the bag;oﬁﬁgy Band is filled into the cavity. In this case, the
charging o e raw material alloy into the cavity 220 can be carried

out manual |y ABbkific%fibep (306l 1Bl L AN RBLTEERITRBnEAM LSO

be enpl oyed, nanel e bottom surtace o rame

formed so oﬁ?oéi?e BetiPeaabhRtangoc! @‘%ﬁﬁ"l@.belg?ﬁ%éé &0 HeQRk b(a@,@tmfo there

illustrated) Is disposed so as to be noveable toward and away from

the bag bedgrd¥idéddntdiphergrimddy2(Bid & ppaitidywhith Mlow s rCiwskitin t ool

in a state 1n which the magnetic field is being charged, whereby the
raw mat er ithércal hoy thesjagetyt 220.bag ddtiyioB, trathderadt eortionab] sheddigped
into the cavity 220. [0053] Then, once the orienting step has
been fi ni dlase 160Hheinandiormetetdnsugh hokes it theateatical direttien.caBach bhie
electric charging to the coils 42a, 42b is not stopped. Then, the
upper punthe 3Emugh helge hpedenetizted éheretbryighalgaideltod 1 dhoneend afhe
t hrough hol e 220 by lowering the die base 160. In a state in whigch

t he magnetviach isfiged do aj yrpartantpse ofithe diedBr eJaiasnipaargwiacsiofithe
raw nmeal powder P is started inside the cavity by neans of_ a pair,.of
the upper a%mga%w theredeonaeetedspdriving Bieans syph @s g cylinder od 180

D et et o BB ST A RS SRR Al P

i i ( -Fia...11). Fi 1y, h h 320 i -
5l S AR i Poun G e b8 RSB RTaS oty
comprese! guLOEy ) B Lido Aerh 308 GHEARLARY okl pagiabted

meal pom%écfmé§nﬁﬁ'ﬁgi@ﬂl e vt ltﬂﬁ%ﬁ%h%'ds\’tﬂlé er@&gatiﬁwt'é‘ whi ch

the crystal fractured surfaces o raw neal po are closely

bonded t ogkt Mol Pt ofdheadia 20 PRRElih8 DRI MGafEymeat, {tdet tirrd
surfaces in. the magnetl c orientation diréction in a manner to forma

so- cal | edobesmph@aptn mvkdiefotRe rawanealoprwde P ghbedied fai @im;siersiohy
nol ded body ML (permanent nagnet) without turbulence in orientation,
and the maggiee itbe pape220dy taanalof thdpaimgfrtheadper [20@5tHe lowerI n this
manner, by carrying out the conpression nolding in a state in which
the cryst ahnﬁhaﬁtﬁm.&ﬂ&:Mhmbs%em@idndé:@dy&ga%b@h&dae magnet i c
orientatiop direction w thout clearance anong respective surfaces, a
hi gh- densi 9/04ﬁ)ll ded body ML can be obtai ned wi thout turbulence in

orientation. The strength of the nolded body.thys increases with_ the
resul t that tla RAAIEIOYF 1B cRI PHRE PeFy eﬁ!’é&ifé‘r@ %Wtshee‘aﬁsuérowdeff a

(edued Sk RSOt LN FROTELLCBY BRETLS IS
pover P 0515 bt B b0 R ERCE GRRAT, S Rl AagR AL o
propertiegody (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 1s also omitted here.

{0047]
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[ 0055] The nol ding pressure in the nolding step is set to a range
of 0.1 - 2.0 t/cn2, preferably to 0.2 - 1.0 t/cnR2. At a nolding
pressure below 0.1 t/cn2, the nolded body will not have sufficient
strength. For exanple, cracks will occur to the nolded body when it

is pulled out Te th@pasdidy rAdRlink hﬁ@hﬁ@”@f)eﬁsg%\!iﬂé’d dvitd arpaéaliHg.
On the other hand, at a nolding pressure above 2.0 t/cnR2, a high

nol di ng phessiy 50 fer kpgddiag the ahe nicalvpawaer FOMtled iRid thd bgg Gady B by
220. As a result, the nolding will be carried out while the

orientati Gneadigt itioktheunaghetic d@ld, drdkaésdingheeend S0depog prdiited in
t hat cracks and fractures occur to the nol ded body. The intensity of
t he magneti mariredrdio he trhevalde diany shédorth seta space aboxge thd cavik@e220.
30 kOe. If the intensity of the magnetic field is below 5 kOe, a

hi ghl y or ildet leteading esedrsd§0 has iarsppiogtingfranpdllor Thegmpiorting frame
properties_cannot be obtained. On the other, hand, if the intensity of

t he magnePil® hasemeunsed thencon a phwraddyfeylindershdfet Eack ebmisionoieds
Gonagnet | SEDR ORIy GHang dagiuosd Sorhmagabialthi: eilindsks 42006 ghiggbed
cavi Ly 22806HP % IRIGNBS (BHEREE JATSH T3% IR U F dodibfiseh emgRiper
e base TR Chet EiBAERRY P PARL “he e JRERRY 36 MAstdlsag
st rar Sfite  Bo&PTp30 MU & BuShBMEId My, MSBACJIP'540a extending

predet er nha%v;@a%ﬁt 216? Sg&ﬁ@&)s 5{3 m%unged oﬁQh@rsuf:EJHﬂ%P ﬁra?n% t5121.

(sintering step), and 1 er subjected to aging treathen
predet er m hgoglenperature (500C) for a predeterm ned period of tinmne
in an Ar atnosphere thereby obtaining a sintered nagnet (Nd-Fe-B

based sint er edhe@nretd hol90550 is of 4 gilage alahvandesshapeedifh the wpdy
second enbodi nents, descriptions have so far been made of a uni axi al
pressuri zeurfary peftafpenomBttes mirenr $ide vehirfdces thedtolente fornefid swdhdihat bs
orthogonal to the direction of the magnetic field. Wthout bein
limted thbnedidy elheandinuousbprajegiiangednd daprpssiess aue nebdateg. négmithe
in which the djrection of nolding iis in parallel with the directjon
of the magHti Bapdeln the inngs cenfxal Ravbiesi abthe batiess alas phishedsame

Cype of cOADY ER0l GRORRIRIHEnES SPVRIFHIRY DBIYon SR Angobe clipp yae
Stn r Li? 3'; 2%%'&:]’ ﬁéggs :caﬂﬁlggls %ﬁ%e%ﬂc Qi riaeag( %O(;[dyi lé u%troat“? ?chOfisaﬂlﬁ?e%\mthe
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, elastomer,
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 is 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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[ 0058] In addition, in the above-described first and second
enbodi nent s, descrlptlons have been made of exanpl es in which, as the
orienting magnetic field at the time of pressurizing or kneadlng and
nol di ng, there was used a static nagnetic field in which the

boi ng 11 i ¢ e WRBTBIeGencerior By Begbelt R esrbhga AN BoY D% FBH 91
BTG e o 1RSIt o B FBINBALE Lkt B4 ety 85 8 ARHAC

In this case, ‘an arr ngerren a reverse nmagnetic

field is ehyggthenfaciigithe abovémesmbé@m@mmeksmnsmﬁkﬁnglrhaalﬁm@nlso
can be applied to the raw neal powder P at the tinme of nolding, the

degr ee of st el @stmb&msmm i tideh ithq;rlpp@rdsurfms @fbe yie Qﬂeaqsmh@e

iod s ()
550 o or touet Bugh 1D P&%S@SBU\F@IJ ep Bt . WTFR IBE ppmd? Py °
strong bondpng tipfeih!thB& % ot Pigt g, 'H?él&héadﬂﬂ%tm%ﬂ@ 50 is
orientation cannot be obtailne In addition, i'n case the pul sating

magnet i ¢ hiwted fosthehporgied, atidve the adavitzl 220, tAnte’rlnmfcmsehethb bIagdeEbaBIhasbe
set to a rang 0 .kOe, If the intensit of t he nmagneti. eld
i's bl ow 5aEr@éEYtIa%% féﬁ%owltbet%fawnw ROBHECE Shathver mléh%%tmon

the mgnefrariy s BRI 634y Bl cefy B Tin (38 frarke Db 550, PhS'siting
gener at i ndeagipnisdides the bdg th@fItleéwv afedl pbﬁdéiluP abidtitd W rehgd 6£15 ~
apparatus will becone too | ow to be practical . [0059) Further, in

the aboveS58%s®fi thed volume afdhscbemdatihdtiimentder Hedeavpia slegreamnad
far b f
RS R LT e L AL S

this invepbiom ﬁﬁ@lr@eﬂﬂﬂmth@?elhowitﬁethfeqlahﬂ‘ﬁiéﬂ ‘pdwder P ifQefkd aOfange
manuf acturing an oriented body by orienting a powder that pol arizes

in the nmagfiétie 0% relative & thetvolumé pEthe; frathe bady 5309.

conpression-nolding, in the magnetic field or electric field, the
sem -finished product thus oriented; and the art of sintering, in
addition t in place of conpression nolding, the sem -finished
product thus oﬂlented in the magnetic field or electric field. For

I hi I bRE;
exanpl e, thi STACh, ARYAIR ARPUDEGHifle e BRRUARII AR agbatdils ik

Fe2 based super-nagnetostriétive material, Sr mat eri al
(Sr, La) Ochéiged, with)26&rivityeid therebst applyi tﬂneemeghamgfletd I8tk cYashE;smd
nitride bond nmag net N%dFﬁ B .based HDDR bond 8{1 and the |ike, In
addi ti on, OFS: 0 QD Laih g RERERIAD 1this REederablestd fgrer oxntdmeading

e (B bl LA e PR SRE R SRR P B
Bxanpl € 1,01 kOe ~ 10 kQe, preferably of 0.5 kOe ~ 6 kOe. If the magnetic field is less
than 0.1 kOe, it is n8ot possible to obtain a sintered magnet having high
orientation and high magnetic properties. If the intensity of the magnetic
field is greater than 10 kQe, 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
7ig. 9).
[0051]

As described above, in the conventional example, even if vibrations
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[ 00601 In Exanple 1, Nd-Fe-B based raw neal powder was
manuf actured as descri bed bel ow, orienting step and nol ding step were
carried out by using the bel ownentioned nol di ng apparatus, thereby

mAnT 30t U108 1A RLSARERNTY R IRL IS AU G A OAAE FAPRANER
2l oSPher g chlaydnk ETRRITY %] T DCMRE PN GRY rlppactsRY |

t here was obt al ned sintere

Meal Powdgiiifafss shideNotRIB ckm@qaw sl EGWHEEP%dAoﬁﬁné‘thXAnWﬁ}%r in

manuf actured by a strip casting netho usi ng one whose conposition

was 22Nd- i mgd%Be beerla B6h -RrLbiod-dd ﬂr&f m@t850A: habihs- asTﬂﬁvﬁi 1o ¥ig,

was then subjected to hydrogen grinding in hydrogen gas of O.
at nospher ¢0fadr Abreeshiythe tawdnegervedémBiwidl sdtesgn ither diV@@UlM’iTDf

dehydr ogenati on processing was carried out at 500C for three hours.
[00621 meagmetiessierghiiont i iba gompoessioman]dary isedroad ouh i thiststatd, |
fine grinding step to manufacture raw neal powder P having a half
val ue wi dthe ofientasigogetsriregndacorwll be dd$tsm bedut Oorthefother pands aw
meal powder A), 4 pm (raw neal, powder B), and 2 raw nmeal  powder
O, respedtioy@ing twﬁherﬁeaﬁné@eﬂa@emsahtﬁh@ lewgr amf sof She @aﬁrhodp'cﬁ)@sh!
CORHER- SO NIRRT R
L A STBICT SR SRS H5 R R B
TR et i R
Filling, pagAd eid Bhg BhEPB will be kneaded. In this case, the bonding among the
particles once bonded when the magnetic field was charged will be once cut
off, and the raw meal powder P comes to be oriented while being mixed in
the magnetic field. As a result, the positional relationship among the
particles of the raw meal powder P inside the cavity 220 will vary from the
state in which it was initially filled 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 wiil 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 a 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
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raw material was added thereto 0.3% of solid lubricant (zinc
stearate). Further, an arrangenent was made such that the filling was
made to the depth of 75 nm at a packing density of 25% Then, while
charging the magnetic field of 4 kOe, the pressing force was set to
10 kg/ cnehadytBandais fitled ndodbe cavity, 1o thes casgedeorthasging ed thy rame

' th bj h al A f
e, TSRE SIS SARSCIod oo R by Gl
o 1L IR Mgl uFSERSAER ATGILISo plov, Sty B

t he uni axbattohy perfate adnghcersingnbody dis0disniacmedesdl aato HeovpenablEiand

L e Wi EiASTIE AMiad et B0 B
pnETes, oy R nSkE e ML S YRR gl

0.5 t/cnlthelbaRtin@fth8l 16 ABIa®6 ShoRhigH thdehagndtRy Slet@ iFEMIRG | chalrzed d
of 2 kCe was charged and, after demagnetization, the nolded body was

t aken out whierehie theavaw ymatzrial @diey] inside {hgi bag body Btcap) baguiesaticadly
sintering ., furnac vin nown construction, the above-described
nol ded bog9mR3§“§ﬁ ?ﬁﬁéﬁfﬁ “sintering process. In this case, the
sintering was carried out at a sintering tenperature of 1050C for

t hree hourg%)g lor to sintering, hydrogen at a tenperature between
100C and 5 é s caused to flow through vacuum of 100 Pa to carry
out the processing to renove binder. After the processing to renove
bi nder, the flow of hydrogen was stopped i nmedi ately, and

dehydrogenat i 9ReRI BRES $hé DriddifpAklepCRaOBbend FinMidkst MR QRIIRE HOYRY
to 10'5 Pa. After sintering, the sintered magnet was subjected to

heat treaftfenstreateat@Ddnf this tomsehthe sleatidc wharging tathecoded2ag 42b is
roomt enpﬁ(r)?tsyorp%ed. Lﬁ?e%?]the upper punch 320 is inserted into the through hole
210 from above the through hole 220 by lowering the die base 160. In a
state in which the magnetic field is being charged, the compression molding
of the raw meal powder P is started inside the cavity by means of a pair of
the upper and lower punches 310, 320. After a lapse of a predetermined
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 finished and the molded
body M1 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 meal powder P are
closely bonded together without clearance among respective crystal
fractured surfaces in the magnetic orientation direction in a manmner to form a
so-called bar shape. Therefore, there can be obtained a high-density
molded body M1 (permanent magnet) without turbulence in orientation, and

the magnetic properties can also be improved.
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Fig. 12(b) is a table show ng the magnetic properties and degree of
orientation when the sintered magnet was obtained by changing the
kind of raw neal powder, the nethod of pressing by the pressing
neans, and the |ike. The magnetic properties are average val ues when
eval uated by the Bl-1 tracer, and the degree of orientation is shown
in val ues {541 ned by dividing the values of remanent flux density by
saturated nmagnetic flux density at 10T. [0067] Accaording to the
above arrangetfefitls MEDRe DyecaERne put thaeompressing MeldmSh &t P HatkoHes

the half y f

powder , tP@I%Igttw%rcrgg%éniég&ﬁ?g%tgg?%gegfa%grbfioéln tlﬁ?lg%lfjnfﬁﬁgw%g%t
force. FuptiRakatibh @ﬁrrecb@nseﬂ@hmauémneer@ml@.@@oaf@@édmmﬁ?ﬁce@f
pressing of the pressing neans, the better becores the degree of

ori ent at i bigh-Senkityf molldeldrrbody M{e cpnebsioljamethvitBontdartyfleace in
non- magnet i.c mat.erlzlj t he degree o

t h b t hat
ori ent at | SHEMFHODed I/ g‘&é&%ﬁ of lﬂl%rsmeﬁjrﬁdeggdﬁhﬂ“’rsaﬁp?@é e*bd{‘l'\ﬂg theg,
the other n%""i’lfl‘tdthattr}ﬁ flra?é"tof%ui)xfenﬂﬁgq pi'i'n‘féﬁbf'guor APSah DS PRReR! and a

pointed a t can eseenthat ree o I"'entation I's I hproved
by appl yi aplddiebudy Nt af highmigree. plﬁpartpéwca&‘l POO6Hined. InlﬂhlsExﬁwliE
2, Nd-Fe-B based_ raw neal powder was nanufactured as descri bed belo

ori ent i nga JE8in hmdwsamge%tléw #Re sawamenb poyiderpl toshbediliedk into the

pr edet 2‘?”%@?%5"@%@%@?@ e & FhECF T bR Wl alpet fmslied
whi ch thi godp qggi% @heiesed in an Ar atnmosphere at a .
t enperature of 10 or t ree hours. As a result, there was obtained

a Nd- Fe-B based sint ered magnet. [ 0069]
[0055]

The molding pressure in the molding step is set to a range of 0.1 ~ 2.0
t/cm?, preferably to 0.2 ~ 1.0 t/cm®. At a molding pressure below 0.1 t/cm’, the
molded body will not have sufficient strength. For example, cracks will
occur to the moided body when it is pulled out of the cavity 220 of the
compression molding apparatus. On the other hand, at a molding pressure
above 2.0 t/cm®, 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 is 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 is below 5 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
kQOe, the die 20 is lowered to the lower end. The molded body M1 in
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(Raw Meal Powder) As the Nd-Fe-B based sintered magnet, there was
used one whose conposition was 23Nd- 7Pr-0. 98B- 1Co- 0. 2A1-

0. 1V0. 05Sn. bal . Fe. An all oy was nmanufactured by strip casting nethod
and the alloy was then subjected to hydrogen grinding in a hydrogen

O o JefhEiBRRNEEE B i BE AN LB B Tty DAL, BF RS qid VAU

vacuum dehydr og I on processl was ‘carrie ree

hours. [ OQufdy movi@v';@ﬁ@iﬁ)ip\é?'pﬁ(xncy%(ffén'fthé idﬂgg?ﬁ:&dﬁﬁg}o@i‘fﬁhg@\% die base

subjected to fine grinding by je I ne st ep. ere were

thus manuflgot e ehdldrd Heay iP ek oftt.harimdlya théhioldad beditHuE obtainbe
powder particle size distribution of 10 pm (raw neal powder A), 6 pm

(raw neal ipaodexinB), irgpada 2sipteringvurrate HavtatluSirateédds e csinteied, for th
an average particle size dianmeter of 5 pm At this tinme, a solid

| ubri cant pgedetermtimed atapdwhsimeded mpyedatadnined toptpeyh tuadil 060 ias e.
added by 0.5% as required. [0071] (Orienting Step) In an ]
ori enti ng gst 8p, Ar hemeospherei{sidtenegustieak ahdpiSegmhhdzlz ismbjecyesk tof aging
conpression nolding machine 1 as shown in Fig. 7.5én this case, each
raw neal fbeeederendt aBoo nyedetsrmaneditamparataren S0BEdyioB afpredetaranaed
rubber make .hqui#gg a thickness of Q.02 mm agg %év,ol_urre of 500, cc.
After hou®PREdt HeDBig) BGay A ataspderpethers #pinga suderedmagnete

pushers 5 capabl e of .applying a pressing force of 5 kg was operated
al t er nat el%gdfclg‘?ﬁ%'é%goﬁﬂggﬁﬁ n&g%%?'e of 0.5 seconds. Also the coils
42a, 42b oI (g magnetic field generating apparatus 4 were charged
with el ect ? to thereby charge the static nagnetic field of 1-

kOe. Alloy ra"f’n"?i}l(glré vel(ﬂﬁbﬂﬁe& hﬁ]{%ggpﬁfg%cyg?seﬁ%%?%ﬁ?gﬁgd%cle‘%@foﬁ%

in the magnetic (orrentrng s

e oL v gpfo Ve s IS IR g o oo
which the direction of molding is orthogonal to the direction of the magnetic
field. Without being limited thereto, there may be employed a compression
molding machine in which the direction of molding is in parallel with the
divection of the magnetic field. In the first embodiment, a description has
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. In this case, an arrangement may also be made

that a reverse magnetic field is charged. According to this arrangement,
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Whil e charging the static magnetic field of 25 kOe to the oriented
alloy raw material, conpression nolding was carried out by the pair
of the upper and | ower punches 310, 320 (nolding step). In this case,
the cavity 220 had an opening of 75 x 75 nm square, and the nol di ng

pressure wage SEbrdtdole cBndod AgpBed Thethe adwemeabmpvdesiPatniedting of
demagneti zati on was carried out by charging the reverse nmagnetic

field of fddimg, The doplaedl ddehtaties danelre fakthar onprafedt h@referably, 2RO.
[ 00731 (Sintering Step) By using a sintering furnace having a
known conptlseqtering shdlébalset i Hescr iZbe dinbhateutpoidiimeashallbg eet tu58G
sintering process. In this case, the sintering was carried out at a
si nt eri ngMsefbdest urle bhe 1Emge Twsidenthe amyeglespribed napgei therstugns

e s R et eSS e P
s O A A 6
mgnet v L Bl Pkl sty _éﬁ?%éﬂﬁfyaﬁe $3bI P f%ar%‘? RS
showi ng « Aie hftehSRVerERE AR fei3i 0w 5 KPS thert dibods bR ained o

si ntered Hﬁ#ﬂf& ﬁgﬁbbﬁi@ﬂ?&im e '}g??%%?tgén@g?lﬂ%“‘%gw WE?Q%@E'

The tabl e”al so sho the ‘magnetic pr _ e degree of
ori entati REn@dheNtkdenedNiey 86 (HBOMGENYEE Rdajdafeates HAdh K0€ROENGhe

800 g of raw neal powder but by directly filling the raw neal powder

into the sagnklic(fElanamihiagRppaphas) will iR ghylaehé and the dhgability of
sintered magnet under the same conditions as the above-described
Exanpl es. thheppagives mdlldreepaicttoedowarte baveratiealval ues as a result of
eval uation by the BB tracer, and the degree of orientation is shown
in val ues d¥BSlned by dividing the value of remanent flux density by
saturated magnetic flux density at 10T. [0075] )
“urther, in the above-described first and second embodiments,
descriptions have so far been made of examples of manufacturing sintered
magnets. It is to be noted 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, in 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 (Th, Dy} Fe2
based super-magnetostrictive material, SrO + §Fe203 based material, (Sr,
La)O - 6(Fe, Co)203 based ferritic sintered magnet, SmFe17 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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According to the above arrangenent, it can be seen that the narrower
(sharper) becones the half value width of the particle size dianeter
of the raw neal powder, the better becone the degree of orientation
and the cggc%g@/lgforce. Further, it can also be seen that, if the raw
meal powder i neaded at the tinme of orienting step, the degree of
orientatiopgggp) mproved and, particularly, the maxi mum energy product
becones higher. It can also be seen that the degree of orientation is

i mproved by aqdiBgadpld/b NaaRé-B bBsd Btakonesl povaer YFast MEnRLAEShs
[ 0076] Fig. 1 is a schematic view explalining, at a standby

posi tion, dascried Bsleing rmrtéﬂtﬁig‘lgte?ﬁ@ﬂiﬂ m@omfm’dg,elélte@ahéi-@éamud bie byaising

of manufacturing according to a first enbodi nent of this invention;
Fig. 2 isthe sdetovatmentiomsl expllding ngppheatasnptieasbon manhdiagunaghi ae
shown in Fig. 1 in which the pressing neans has been noved, Fi g.
3 is a scheedeterminealwmiptdibedpgthdr Potirngstal wasecgprdsoutyimednsh
relative to the cavity; Figs. il(a) through 4(f) are schematic

vi ews expthisnmoldadhdodpewas isorteoed tiheaprios atmgspleenesat or temperagure of
step); Fi 5( Is, a schemati c vj ew explaining the nagnet|i
or i ent at | SABHTC tf%%ﬁeoho‘&'rst , Agnd repyll, theye was gbtainedw qu3ﬁd$\/%ased

expl aining. th netic orientation according to the first enbodi nent

red ma
of this i WYARTEGLRAgnet.
[0061]

(Raw Meal Powder) As the Nd-Fe-B based sintered magnet, an alloy
was manufactured by a strip casting method by using one whose
composition was 22Nd-7Pr-0.95B-1Co-0.2A1-0.05Cu-0.1Zr-0.05Ga-bal. Fe.
The alloy was then subjected to hydrogen grinding in hydrogen gas of 0.2
atmosphere for three hours (hydrogen grinding step). Then, vacuum
dehydrogenation processing was carried out at 500°C for three 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 uym (raw meal powder A), 4 pm (raw
meal powder B), and 2 pm (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 sgquare. 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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Fig. 6 is a schematic view explaining the nolding step by the

conpr essi on- nol di ng machi ne shown in Fig. 1; Fig. 7is a
schematic view explaining, at the standby position, a conpression

nmol di ng machi ne which carries out the nmethod of nanufacturing
according to the second enbodi rent of this invention; Fig. 8
is a scherawimatdéréal esasl added gheteeo dndps edssadnd dobrdicant (el stearas).
shown in Eig. 7, in which the kneadi ng ans has been noved; Fig.
9 is a scRERWETcayi BHARSGINERhIMAS lraﬁéﬁcwmé, thgy the dading Wasamade ttretheaw
meal powd 11 NS P i b/ i S [ '

expl ai ni ngEP H;%Frad@ng}rgg&o?i entkértlg cgir?ﬁggc o‘r}gléﬁg/{"t g‘h?ﬂéwchggtg;\l?{%hgﬂhe

art, and Hidgnefi0(ldicf # kod)eh@bréssHL oS Rl Stng 10 kg/mehaalithe raw
orientation by kneadi ng according to the second enbodi nent of this

i nvent i onmeal pawvder AL Bs G weashargad or \iressask pyathsi pressing mptatisng to

t by t | di . t h [ i 9., 7. Fig..1 '
P e e A T S PR o i B o £ iRyt af
the nunbe&oﬂaitiq?%ssﬁidagawﬁé %hhg@’ofﬁﬁﬁ' ﬁﬂagsi!tnggﬁga@m &t this 3R O)anldStiR

tabl e show ng the nmagnetic properties "an egree of orientation
of a si nt anmbemsiipressimg anfad likearcagivor i Fig. t12{apxanple 1 of this
I nvention; and

[0064]

(Molding Step) In the molding step, by using the uniaxial type of
compression molding machine 1 as shown in Fig. 1, the above-described
oriented semi-finished product was subjected to compression molding by
means of a pair of the upper and lower punches 31, 32 (molding step) while
charging the magnetic field of 20 kOe to the semi-product. The molding
pressure at this time was set to 0.5 t/cm®. 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
10-° 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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Fig.

13 is a table showi ng nagnetic properties and the degree of

orientation of a sintered nmagnet nmanufactured according to exanple 2
of this invention. [Description of Reference Nunerals and Characters]

[077]

12, 220cav

1, 1P§@é@ressi on nol di ng machine 2, 20die 21, 210t hrough hol e

1, 32punch
Fig. 12(b) is a table showing the magnetic properties and degree of

orientation when the sintered magnel was obtained by changing the kind of
raw meal powder, the method of pressing by the pressing means, and the
like. The magnetic properties are average values when evaluated by the
BH tracer, and the degree of orientation is shown in values obtained by
dividing the values of remanent flux density by saturated magnetic flux
density at 10T. |

[0067]

According to the above arrangement, it can be seen that the narrower
(sharper) becomes the half value width of the particle size diameter of the
raw meal powder, the better become the degree of orientation and the
coercive force. Further, it can be seen that the more becomes the number of
pressing of the pressing means, the better becomes the degree of orientation.
Still furthermore, the pressing means is made of a non-magnetic material
and 1t 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 is sharp or pointed 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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4magnetic field generating apparatus 5pressjing neans 57pressing
nmenber 50kneadi ng neans 530pusher praw neal powder

(Raw Meal Powder) As the Nd-Fe-B based sintered magnet, there was
used one whose composition was 23Nd-7Pr-0.98B-1Co-0.2A1- 0.1V-
0.058n.bal.Fe. An alloy was manufactured by strip casting method and the
alloy was then subjected to hydrogen grinding in a hydrogen gas of 0.2
atmosphere for three hours (hydrogen grinding step). Then, vacuum

dehydrogenation processing was carried out at 500°C for three hours.

[0070]

Successively, the semi-finished product was subjected to fine grinding
by jet mill fine grinding step. There were thus manufactured raw meal
powder P having a half value width of the powder particle size distribution of
10 pm (raw meal powder A), 6 pm (raw meal powder B), and 2 pm (raw meal
powder C), respectively, with an average particle size diameter of 5 um. At this
time, a solid lubricant (zinc stearate) was added by 0.3% and methyl caproate was
added by 0.5% as required.

[0071]

(Orienting Step) In an orienting step, 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 550, 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 generating apparatus 4 were charged with electricity to
thereby charge the static magnetic field of 1 kOe. Alloy raw material
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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VWHAT IS CLAIMED I S: 1. A nethod of manufacturing a pernmanent
magnet, the nethod conprising the steps of: orienting raw neal
powder filled into a filling chanber, the orienting being carried out
in a magnetic field by subjecting the raw neal powder to pressing by
pressi ng Widhschmagingtle stmid sragacea fididnf 5@ $o $he brenséd allep rat

the filling chamber; and nmol di ng under conpression an oriented
sem - f i ni maeeriph conpresshtminmddiny welieaoricdmuit oy teepairiofttbe aipper and
predet ermi ned shape in the gnetic field. 2. The net hod of

manuf act ulomey pansdes@iOnB20dmeddingcsopti dy this chsd,rbhe cavilyt3#d had an
conpri sing changin% the position of the pressing nmeans sequentially
so as t o qrening o ghek Jidngm parate, And the groldingsprrsshra vasnetrte be 04

cross-sectiopal area pf the filling anber . .3...The net hod ,of
manuf act (ERG alper. @h@omag%e%e%@;lw& arpagnefitation was arned out

TR D A e R D
manuf act ur.i.ng a . per{mnen net according to any one of clains 1

t hr ough BEakPﬂrO[%eO?tg%ﬁg‘r”?tgir@g‘addi ng to the raw neal powder a

| ubri cant [iq@‘?g}predeterm' ned mxing ratio before filling the m xture
into the filling chanber.

(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 sinfering was carried out at a sinfterng
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 1 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
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 alse 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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5. The method of manufacturing a pernmanent nagnet according to any
one of clainms 1 through 4, wherein the pressing neans is made of a
non-magnetic material. 6. A nethod of manufacturing a pernanent

magnet, the nmethod conprising the steps of filling raw neal powder

into a defor ba : orienting the raw neal powder inside
t he bag b%ﬂﬁ@%gﬁ’gﬁ?z@ ilg]l‘d by applying a | ocalized pressing

force to tg@omg body, while kneading the raw neal powder inside the
bag body; and conpression nolding the oriented raw neal powder in

the magnetic Wc%fhihgtte ﬁe%@@tﬁ%%%eﬁﬂe}%an be see 'tTa{letl%Eﬁmgwgf'

manuf acturing a pernanent nagnet acc I'ng to claimw®, fturther
conpri si NsHErReNIbd@nidietHeAa B 1uP WAEh o8 theBfdreRIY sizB dameter gf the

predeterm ned m xing ratio before filling the mxture into the bag
body. raw meal powder, the better become the degree of orientation and the
coercive force. Further, it can also be seen that, if the raw meal powder

1s kneaded at the time of orienting step, the degree of orientation is
improved and, particularly, the maximum energy product becomes higher.
It can also be seen that the degree of orientation is improved by adding a
lubricant.

[Brief Description of the Drawings]

[0076]

Fig. 1 is a schematic view explaining, at a standby position, a
compression molding machine which carries out the method of
manufacturing according to a first embodiment of this invention;

Fig. 2 is a schematic view explaining the compression molding
machine shown in Fig. 1 in which the pressing means has been moved;

Fig. 3 is a schematic view explaining the position of the pressing
means relative to the cavaty;

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 i1s 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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8. The method of manufacturing a pernmanent nagnet according to any
one of clains 1 through 7, further conprising a step of sintering the
oriented sem -finished product or conpression-nolded sem -finished

product, i ngacmT?%.ts s kéhdhatiowiell @Q{)Fatiﬁﬁlgoﬂhei dd P RESI0Bf mbI¥En S Lhhivke,

st ep. e nmet hod of manufacturing a pernanent nagnet
accor di ngat@howai itn Figo7, B witiel ehakhélingnodad hpoBEes nicvellpr use

wth a rare-earth magnet and i s manufactured by a quenchi ng net hod.

Fig. 9 1s a schematic view explaining kneading, by kneading means,
the raw meal powder inside a bag body:

Fig. 10(a) is a schematic view explaining the magnetic orientation
according to the conventional art, and Fig. 10(b) is a schematic view
explaining the magnetic orientation by kneading according to the second
embodiment of this invention;

Fig. 11is a schematic view explaining the molding step by the molding
apparatus shown in Fig. 7,

Fig. 12(a) is a table showing the conditions such as the shape of the
pressing means, the number of pressing operation, and the like, and Fig.
12(b) is a table showing the magnetic properties and the degree of
orientation 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

b7 pressing member

50  kneading means
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WHAT IS CLAIMED IS:
1. A method of manufacturing a permanent magnet, the method
comprising the steps of:
orienting raw meal powder filled into a filling chamber, the orienting
being carried out in a magnetic field by subjecting the raw meal powder to
pressing by pressing means having a smaller area than a cross-sectional
area of the filling chamber; and
molding under compression an oriented semi-finished product obtained

by the orienting step, into a predetermined shape in the magnetic field.

2. The method of manufacturing a permanent magnet according to
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

mixiure into the filling chamber.

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

non-magnelic material,

6. A method of manufacturing a permanent magnet, the method
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comprising the steps of:

filling raw meal powder into a deformable bag body;

orienting the raw meal powder inside the bag body in a magnetic field
by applying a localized pressing force to the bag body, while kneading the
raw meal powder inside the bag body: and

compression molding the oriented raw meal powder in the magnetic

field into a predetermined shape.

7. The method 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 producl 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 metheod.
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