SPECI FI CATI ON METHOD OF MANUFACTURI NG ORI ENTED BODY, MOLDED BODY, AND

QI NTERED BODY AS WELL AS METHOD OF MANUFACTURI NG PERMANENT MAGNET [Field of
the Invention] [0001] The presen#-invention-relates to a method of

manuf acturing an oriented (or orientated) body, a nolded body, and a
sintered body as well as a nethod of manufacturing a permanent magnet, and
relates in particular to a nethod to be used in manufacturing a Nd-Fe-B
syst em per manent magnet. [Background Art] [0002] Pernanent magnets,
particul arly Nd-Fe-B sintered nmagnets %ég-called neodym um nmagnet) are nade
of a conbination of iron with eﬁ%ﬁ&ﬂﬁi TI®N and B that are |ow priced and
abundant as natural resources and al so capable of stable supply and, thus,
can be manufactured at a | ow cost and, at the sane tine, have high magnetic

Tagnets) - her of VB TR O MEARTHFAGTURARG ORUBEER BAEOYC! o ¢ product s
d | i } ‘ brid .

[0003] © Ae an exdol R EPBOD Y A TR B AV RLEAS <. “thore i s

known & powder MEFION QF NEARDH:ACTURING PEHMANNT FAGRETS are first

m xed in a predeterm ned conposition ratio, dissolved, and nolded to

manuf acture an alloy raw material. It is once coarsely crushed by, e.g.,
hydrogen crushing step, and is subsequently finely ground by, e.g., jet mll
fine gri ndFiejdof €he Inventédayl obt ai ni ng an all oy raw nmeal powder. Then, the 1
obt ai ned gl | oy, raw neal powder is subjected to orientation in the magnetic
field (magﬂegn: field orientation), and is conpression-nolded while being

The present invention relates to a method of manufacturing an oriented

w.... (or orientated) body, a molded body, and a sintered body as well as a method
of manufacturing a permanent magnet, and relates in particular to a method
to be used in manufacturing a Nd-Fe-B system permanent magnet.

[Background Art)
[0002]

Permanent magnets, particularly Nd-Fe-B sintered magnets (so-called
neodymium magnet) are made of a combination of iron with elements of Nd
and B that are low-priced and abundant as natural resources and also
capable of stable supply and, thus, can be manufactured at a low cost and, at
the same time, have high magnetic properties {(maximum energy product is

..“, about 10 times that of ferritic magnets). Therefore, they are used in various
kinds of electronic products and are recently widely used in motors and
generators for hybrid cars.

[0003]

As an example of manufacturing Nd-Fe-B sintered magnets, there is
known a powder metallurgy method. In this method, Nd, Fe and B are first
mixed in a predetermined composition ratio, dissolved, and molded to
manufacture an alloy raw material. It is once coarsely crushed by, e.g.,
hydrogen crushing step, and is subsequently finely ground by, e.g., jet mill

fine grinding step, thereby obtaining an alloy raw meal powder. Then, the



charged with magnetic field, thereby obtaining a nolded body. Then, the

nol ded body is sintered under predeterm ned conditions to thereby

manuf acture a sintered magnet. [0004] As a nethod of conpression nolding in
the magnetic field, there is generally used a uniaxial pressurizing type of
conpressi on nol ding machine. In this conpression nolding machine, alloy raw
nmeal powder is filled into a cavity forned in a penetrating hole in a die,
and is pressurized (pressed) by a pair of upper and | ower punches fromthe
upper and lower directions to thereby forma product out of the alloy raw
meal powdbtainFiexlloyheaw bseal powdens enbjentadhta orientathen tn rtheohagoaic essi on
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havi ng fighsdfaRtie@vd Ent¥dddmakhey raw neal powder, at [|east one of punches
of an upper punch and a |l ower punch is vibrated in the direction of
pressuri zi{og04pressing direction) at the tine of nagnetic field

orientation. This conpression nolding nethod is perforned in the follow ng
manner, i.e. Aby oeihgdnef cmgpmssion nedldinghih ehel magnetw freld, thevelds i s

vi brated by the upper punch_or the_ |l ower punch, the friction anong the

parti cl egepprallieused ayunigwialprpsygiging type péeompressiont molding maghtwged from

the static.friction to the . dynamc.fictjon. The friction. ng.t he
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thereby form a product out of the alloy raw meal powder. There has been a

problem in that, at the time of compression molding by means of the pair of
punches, high orientation cannot be obtained and that the magnetic
properties cannot be improved due to friction among the particles of the alloy
raw meal powder filled in the cavity or due to friction between the alloy raw
meal powder and the wall surface of the mold set in position in the punch.
[0005]
In view of the above, there is known another compression molding
— method in which, after having filled a cavity with alloy raw meal powder, at
least one of punches of an upper punch and a lower punch is vibrated in the
direction of pressurizing (pressing direction) at the time of magnetic field
orientation, This compression molding method is performed in the following
manner, i.e., by charging magnetic field while alloy raw meal powder is
vibrated by the upper punch or the lower punch, the friction among the
particles in the alloy raw meal powder filled in the cavity is changed from the
static friction to the dynamic fiction. The friction among the particles of the
alloy raw meal powder is thus reduced with a consequent improvement in the

flowability of the alloy raw meal powder. Since the raw meal powder can



Pat ent Document 1: International Publication No. 2002-60677, see e.g.,
clainms) [Di sclosure of the Invention] [Problens to be Sol ved by the

I nvention] [0006] However, in the above-described conpressi on nol ding

met hod, since vibration is caused to take place only by one of the upper
punch and the | ower punches at the tinme of nmagnetic field orientation, the
positional relationship anong the particles of the alloy raw neal powder
within the cavity hardly changes fromthe state in which it was initially
filled into the cavity. As a result, in case the crystal fractures of the
adj oi ni nghpark¢ cnesed rsa s torbernmayeh i thet divacton ¢ ofe magneiia didddel d do
not match w th each othera%since allo raw nmeal -Fe-B sintered
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the parti C'@lﬁixﬁ%) the alloy raw neal powder and, therefore, the easy axis of

magneti zation of the alloy raw nmeal powder will not be in order. If
conpr essi {MisaddbHiredfithe Exeonti@d in this state, there is a problemin that
the orientation wll get out of order. 0007] In view of the above points,

t hi s i nvelPrablemastodre Bdlyved bydhednwendom}y a net hod of manufacturing an
ori ented hody, . nol ded body, and a sintered body that is capable of
manuf act u Dﬂéﬁhn ori ented body, a nolded body, and a sintered body having
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- punches at the time of magnetic field orientation, the positional relationship
among the particles of the alloy raw meal powder within the cavity hardly
changes from the state in which it was initially filled into the cavity. As a
result, in case the crystal fractures of the adjoining particles in the
orientation direction of the magnetic field do not match with each other (since
alloy raw meal powder of Nd-Fe-B sintered magnet is manufactured by
mixing Nd, Fe and B and fusing and alloying and thereafter grinding them,
the surface of the alloy raw meal powder has formed therein crystal
fractures), clearance will remain, in the end, among the particles of the alloy
raw meal powder and, therefore, the easy axis of magnetization of the alloy
M raw meal powder will not be in order. If compression molding is executed in
this state, there is a problem in that the orientation will get out of order.
[0007)
In view of the above points, this invention has an object of providing a
method of manufacturing an oriented body, molded body, and a sintered body
that is capable of manufacturing an oriented body, a molded body, and a
sintered body having an extremely high orientation, by combining together in
the magnetic field or electric field the powder crystal fractures having more
equal crystal orientational relationship. It also has an object of providing a

method of manufacturing a permanent magnet.



In order to solve the above problens, the nethod of manufacturing an
Qriented body according to claim1 conprises filling a filling chanber with
powder that is polarized in magnetic field or electric field; and orienting,
whil e agitating, the powder in nmagnetic field or electric field. [0009]
According to this invention, since the powder in the filling chanber is
agitated in the magnetic field or electric field at the tinme of orienting
the powder in the nagnetic field or the electric field, the positional
relationsg anDn t he partlclesgﬁf the powder in the filling chanber w ||
be change ﬁW elvingthe Proklg the particles were initially filled into
t he fillng ﬁgfnber. As a result, there will be nore chances in which
anong the 8 nations of crystal fractures in orienting in the magnetic
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firmbonding chainS and, as a result, the crystal” fractures get conbined
and arr ayetyddrt figit 1scb@1am@dem mdg‘rfetttﬁﬂefd oe dleethrit field; enidaior@mtingy)
oriented body having a high orientation can thus be obtained. [0010] 1In
addi t i on,white agdetingptheoparederhian mbguetipfiebd erslectifiefielt hod of manufacturi ng

a nol ded Oaé f\ccordi ng to claim?2 conprises: a first step of filling a
filling cnf with povvder that is polarized in nmagnetic field or electric
field and ori nt| he .magnetic field or e ectr eld, .while.
agitating, t 0 PPIS EVERYipR. nﬂnemﬂs i e, B YiRe chabsf is
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conpression-nolded in state in which the crystal

among the partlcles of the powder in the filling chamber will be changed from
the state in which the particles were initially filled into the filling chamber.
As a result, there will be more chances in which, among the combinations of
crystal fractures in orienting in the magnetic field or electric field, the crystal
fractures having more equal crystal orientational relationship get bonded.
Once the crystal fractures having equal crystal orientational relationship are
bonded, there will be formed firm bonding chains and, as a result, the crystal
fractures get combined and arrayed without clearance in the magnetic field
orientation. An oriented body having a high orientation can thus be
obtained.

[0010])

In addition, in order to solve the above problems, the method of
manufacturing a molded body according to claim 2 comprises: a first step of
filling a filling chamber with powder that is polarized in magnetic field or
electric field and orienting in the magnetic field or electric field, while
agitating, the powder in the filling chamber; and a second step of compression
molding the powder oriented in the first step in the magnetic field or electric

field.
[0011]



fractures having the equal crystal orientational relationship get bonded
together. Therefore, there can be obtai ned a nol ded body having a high
orientation. Further, since the crystal fractures having the equal crystal
orientational relationship get firmy bonded together, there can be obtained
a high-density nolded body at a | ow nol ding pressure. The strength of the
nol ded body becones stronger and the rate of occurrence of unacceptabl e
quality can be lowered. [0012] Further, in order to solve the above

probl ens, the nethod of  manufacturing a sintered body accordln to claim3
conpri ses: a fqcpEdingitoghis mwernmornnbmgﬂﬁatmw heamagnetir diel ngﬁCt’Elﬁat i s
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According to this invention, due to agitation in the nagnetic fiel

el ectri c oriegitatiohheFoptlied shméytlféobﬁyaaﬂ freet@res havinie tbe eon@l sirggtalbas been
conpression- nolded in a state in which the fluctuations in the powder

density laientbenal edatienshipget diroly, bonided togéthempihiee chnde dkgamedt @r ed,
the fluctuation in the amount of shri nk’éige can be reduced. [0014 }
Fur t her méigh-densyy qaplded b@dx/@ttaqéo%ao 1pg UreTHTe- tﬂ‘élerr@itrﬁ@aﬂbp the

manuf act ur i nent et acc ing,to.claim4 conprises:

orienti ndn%]fqgﬂa‘b‘f‘fﬁ ga qrﬂgs gP?r?d‘ gWgFe Wi 195CUTTeBge (O RACEED er and

orientin [ the alloy raw neal powder in the filling chamber
_magnet ua\f@'egaq’% 15%%} rml ding step of conpression nolding the alloy raw 5

I DOWU?OOPQI ented in the orienting step to a predeterm ned shape in
magnetic field

Further, in order to solve the above problems, the method of
manufacturing a sintered body according to claim 3 comprises: a first step of
filling a filling chamber with powder that is polarized in magnetic field or
electric field and orienting, while agitating, the powder in the filling chamber;
a second step of compression molding, in magnetic field or electric field, the
powder oriented in the first step; and a third step, in addition to or in place of
the second step, of sintering the oriented body or compression-molded body.

[0013]
According to this invention, due to agitation in the magnetic field or
M electric field, the molded body obtained, e.g., in the second step has been
compression'molded in a state in which the fluctuations in the powder
density have been reduced. Therefore, when this molded body is sintered,
the fluctuation in the amount of shrinkage can be reduced.
[0014]

Furthermore, in order to solve the above problems, the method of
manufacturing a permanent magnet according to claim 4 comprises: an
orienting step of filling a filling chamber with alloy raw meal powder and
orienting, while agitating, the alloy raw meal powder in the filling chamber

in magnetic field; and a molding step of compression molding the alloy raw
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[ 0015] According to this invention, when the alloy raw neal powder is
oriented in the magnetic field, the alloy raw neal powder is agitated

inside the filling chanber while charging the magnetic field. Therefore,
the positional relationship anong the particles of the alloy raw neal
powder within the filling chanber will be changed fromthe state in which
It was initially filled into the filling chanber. There will thus be nore

chances in which the C crystal fractures of the alloy raw neal powder havi ng
nore equal crystal orientational relationship will get bonded together.
Once t he mealspewder ogieniedsinh e myienting steny dpar ryedetrrmingdashand ami onshi p
are bonded, a fi bondi ng chain will be forned. The crystal fractures wll
be combi H’é%gn%ocﬁ%?@t clearance in the direction of magnetic orientation in a
manner to Ob?ﬂr a bar shape. By conpressing the alloy raw neal powder in
this staté, ere can be fornmed a high density nol ded body (pernmanent

magnet) that Adprdigaol eSO G, (Kb AAERLR AN pUREESR R A TN

magnet having high nagnetic properties can t'thus be obtalne 0016 In the
i nvent i oAnakeahdinétid e, ahealloytraey dldadpowaler e akitaoedl eisighahé filliagf er abl y
be filled into the filling chan‘ger after having m xed a lubricant to the

al | oy r awhaedierpowiibr dharging dtiet eragnesct iekd.ng Thedrefore Adher giosgianal t hi s
operation, when the alloy raw neal powder is oriented in the magnetic

field, byekgionshimgoeong dhe gartiglesrebthealigsrraw mpal ppwdengvichntbbe whil e

chargin e netic fijeld, the positjonal relatignship anpng,t articles
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nmeal powdgferftadibngl nreltiodig! willy gbel baidednttogétdoal rehad i €hisirpstale
advant ageousl y i ncreased.
fractures having equal crystal orientational relationship are bonded, a firm

bonding chain will be formed. The crystal fractures will be combined
without clearance in the direction of magnetic orientation in a manner to
form a bar shape. By compressing the alloy raw meal powder in this state,
there can be formed a high-density molded body (permanent magnet) that is
free from disturbance in orientation, whereby a permanent magnet having
high magnetic properties can thus be obtained.

[0016]

.. In the invention according to claim 4, the alloy raw meal powder shall
preferably be filled into the filling chamber after having mixed a lubricant to
the alloy raw meal powder in a predetermined mixing ratio. According to
this operation, when the alloy raw meal powder is oriented in the magnetic
field, by agitating the alloy raw meal powder in the filling chamber while
charging the magnetic field, the positional relationship among the particles of
the alloy raw meal powder inside the filling chamber changes from the state
in which it was initially filled into the filling chamber. Further, by adding
the lubricant to the alloy raw meal powder, the flowability of the alloy raw

meal powder 1s improved. As a result of these combined effects, the chances



[0017] The nolding step may be is executed by a uniaxial pressurizing type

of conpression noldi ng machi ne, and the conpression nol ding pressure may be
set to arange of 0.1 t/cn2 - 1 t/cnR2. |If the nolding pressure is | ess than

0.1 t/cn2, the nolded body will not have a sufficient strength. For

exanpl e, when the nolded body is pulled out of the cavity of the

conpression nolding machine, it wll be cracked. On the other hand, if the
nol di ng pressure is C above 1 t/cn2, a high nolding pressure will be applied
to the alloy raw neal powder inside the cavity. As a result, the nolding

will be whgembining thei @Wﬁtﬂé.fn@ctpn@ of thenadey @ﬁwanaabp@wd@hhaﬁmgjwr@ody will

be subjected . to rackin 0018 In this case, e met hod
preferamewh?wgﬁ AfioBal xeiBtionin rﬁﬂeﬁ%n %seéwbhlrww%% he nol ded body
obt ai ned '6 iff first nDIding step is nolded in isostatic nolding. Then,

t he densigy of" the nol ded body will further be increased. The occurrence of

cracks and Stpi}‘]ﬁeé rﬁﬁ)ol(l%i:n%;é{@?%af%@ g%‘ﬁ%@&&ﬂ%’"ﬁ'ﬁfnmﬁﬁﬂ sgﬁgé'sﬁﬁ’:?zm Q%@bf On the

ot her hand, step hay be executed by an | tatic di ng

machi ne, capfprasEoNPiciai O aehind, @&dm&@mlﬁemnbﬁomgP@e@u&@m bef 0.3

t/cnm2 - 3.0 t/cnR. At a conpression nolding pressure below 0.3 t/cn2, the
mol ded bedy tevial dangetof il ¢/cmn?sufl ftiantntif the emgtmgpressare ikksy thandl.Ve ri se
to cracks and fissures. On the other hand, at a nolding pressure above 3.0

t/cne, tﬁécns?eaﬂh@dm@édqu bedy twitl aopdrameus sufficiens saepgide, Hoxi examplenot
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Cg above 1 t/cm2 a high molding pressure will be applied to the alloy raw meal
powder inside the cavity. As a result, the molding will be made while
disturbing the orientation and also the molded body will be subjected to
cracking and split.
[0018]

In this case, the method preferably further comprises a second molding
step in which the molded body obtained in the first molding step is molded in
1sostatic molding. Then, the density of the molded body will further be
increased. The occurrence of cracks and splits (fissures) can advantageously
be reduced.

e [0019]

On the other hand, the molding step may be executed by an isostatic
molding machine, and a compression molding pressure may be set to a range
of 0.3 t/cm2 ~ 3.0 t/cm2. At a compression molding pressure below 0.3 t/cm2,
the molded body will not have a sufficient strength and is likely to give rise to
cracks and fissures, On the other hand, at a molding pressure above 3.0
t/lcm?2, the sealed parts of the apparatus will be damaged, which 1s not
practical.

[0020]

If the method further comprises a sintering step, in addition to or in



orientation and magnetic propertiesrcan advant ageously be obtai ned. [0021]
In case the solid lubricant is used as the above-described |ubricant, the
m xing ratio shall preferably be set to a range of 0.02 % - 0.1 wt% At a
mxing ratio below 0.02 w% the flowability of the alloy raw neal powder
will not be inproved. As a result, there is a possibility that the
orientation cannot be inproved. On the other hand, at a mxing ratio above
0.1 % C when the oriented body or the nolded body is sintered, the
coercive force of the permanent nmagnet will be | owered under the influence
of the calanen ohatther emwldiaigi netepe tdfer simteringo2tile onienited othnsly hand, in

case a solid Iubricarit i sed as thg Iubric?nt, the mxi ng rati o shall

pr ef er ablcyIPEeSSIPN 1P éeﬁiiwé& arsipteysd jpggunets (Rargpanqnt magnes rﬂfahlg b bel ow
0.05 wt% the flowahility of the all oy raw ngal er 4.s. npt inproved and,
consequeFiptaing FRd ahilesd fdlrfies Bn sV HERe B pbfingfnot be

| mproved. @jzﬂ’le other hand, at a mxing ratio above 5 wt% when the
oriented body or the nolded body is sintered, the coercive force of the

per manent nadpedasdithe doBidl labeicadt idsed hhehk Hbovede8cibed Mebi@dtOBhé hat
remai ns inside thereof. [0023] Further, as the lubricant, preferably a

m xt ur e imixangretietshahli prederabilx boget ab iaoraxfgeacfS@ORAwt% by Ddawt%anditaal i qui d
| ubricant is used. The lubricant. will then be s[)read to every corner of the
al | oy rawnixing rpoobelow 0H2wt%sthe flowabilitylef the allonrawgmedk pewdemwill gher
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car i mnchoBRAGLTS 0B SORERL A RIRSERR N B
f@Ct ur ey 16 thE ofRtieed BHEF or A€ hbBRled body is sintered, the coercive force of
the permanent magnet will be lowered under the influence of the carbon that
remains inside thereof.
[0022]

On the other hand, in case a solid lubricant is used as the lubricant, the
mixing ratio shall preferably be set to a range of 0.05 wt% ~ 5 wt%. At a
mixing ratio below 0.05 wt%, the flowability of the alloy raw meal powder is
not improved and, consequently, there is a possibility that the orientation
cannot be improved. On the other hand, at a mixing ratio above 5 wt%,
when the oriented body or the molded body is sintered, the coercive force of

a..., the permanent magnet will be lowered under the influence of the carbon that
remains inside thereof. |
[0023]

Further, as the lubricant, preferably a mixture in a predetermined
mixing ratio of a solid lubricant and a liquid lubricant is used. The lubricant
will then be spread to every corner of the alloy raw meal powder. As a result
of high lubricating effect, a higher orientation can be obtained so as to make a
permanent magnet of high magnetic properties.

[0024]

If the alloy raw meal powder is for a rare earth magnet manufactured



cl earance anong the particles of the alloy raw neal powder can be nade
small. As a result of conbined effect in that there are many chances of
conmbining the crystal fractures of the alloy raw neal powder havi ng nore
equal crystal orientational relationship, the orientation can extrenely be
made high. [0025] Preferably, the agitation of the alloy raw neal powder is
executed with C an agitating neans nmade of a non-nagnetic material.
According to this arrangenent, at the time of agitating the alloy raw neal
powder in the magnetic field, the alloy raw nmeal powder can be prevented
from get tvriy quaaﬂénsdarp@e&%éh@gll@mfawgnﬁﬁlan@wdemwﬁtwcm\pérm #gwlas al | oy

raw neal er, fro etting insuffjgiently agitated. 026 Pref erably,
Lo aaot PoROrohans, dhPaeniy Wecvanl Fgutes fon behiade Brst,aad b8 [
static .G, T t [N |t f i.field.i t to a
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On the other hand, at the intensity of magnetic field above 30 kOe, the
magnet i ¢ chirbigirgetles aiydtgl fppatirius tircalleg a0 nalgsowddtl hhving nefre
practical . LOOZ?] On the other hand, preferably, at |east one of the

ori enti nggstaéprysial aentatiodahgekttemshsp,eflee wirethtatiomacaretextreputlyebéi el d,
and the intensity of the magnetic field is set to a range of 5 - 50 kCe.
Accor di ngnede higls  configuration, at the tine of agitating and nol di ng of

the all oy %gﬁ tic powder, the alloy raw neal powder itself is subjected to
Vi brationé, reby resulting in an inprovenent in the orientation.

ronever . 1 BebARSEHE XS RSB Sol ih powel o RifEy upr oo

of, high orien proper s canno tained. On

Fm' ot herarpﬁgﬁatfrﬂcg @ns"hR¥R! bY a AbnihggR@REN Phateridle! Actsrddbovs BlskCe, the
gnetic field generating
arrangement, at the time of agitating the alloy raw meal powder in the
magnetic field, the alloy raw meal powder can be prevented from getting
adhered to the agitating means, thereby preventing the alloy raw meal
powder from getting insufficiently agitated.
[0026]

Preferably, at least one of the orienting step and the molding step is
executed in static magnetic field, and the intensity of the magnetic field is set
to a range of 5 ~ 30 kOe. At the intensity of magnetic field below 5 kOe, the
product of high orientation and high magnetic properties cannot be obtained.

m., On the other hand, at the intensity of magnetic field above 30 kOe, the
magnetic field generating apparatus becomes too large, which is not practical.
[0027]

On the other hand, preferably, at least one of the orienting step and
the molding step is executed in magnetic pulse field, and the intensity of the
magnetic field is set to a range of 5 ~ 50 kOe. According to this
configuration, at the time of agitating and molding of the alloy magnetic
powder, the alloy raw meal powder itself is subjected to vibrations, thereby

resulting in an improvement in the orientation. However, if the intensity of

the magnetic field is below 5 kOe, a product of high orientation and high



apparatus becones too |large, which is not practical. [Effect of the

| nvention] [0028] As described herei nabove, this invention has an effect in
that there can be obtained an oriented body, a nolded body, a sintered
body, and a pernmanent magnet having an extrenely high orientation and in
which the crystal fractures of the powder having equal crystal

orientational relationship C are closely bonded w thout clearance. [Best
Mode for Carrying out the Invention] [0029] VVth reference to FIGS. 1

2 S abt o Be s YarBoUaPe D Opehtine Tl af el "

t t | B { t f t ed
body. and CholtedaBERgHE Beld 5 e o0n HEE d?ﬁ%”&mé iRchEH Wenprahisr ax o
type in \Myggp%mg?e%g@t%%ghg%&fenﬁ%§?§wﬁ&ﬁg 1(::E’lr essing direction) is

verti cal IC orientation, and has a base plate 12
which is 1ymﬁﬁfbﬁxhdmhdegﬁoﬁqeces 11. Above the base plate 12 there is
di sposed a die 2. The die 2 is supported by a plurality of supporting
col ums 1300B8Fkh penetrate through the base plate 12. The other end of each
of the supporting colums 13 is connected to a connecting plate 14 disposed
bel ow t he bagsks dewd)eﬂzherﬁmmnﬁusungemlan dasman sffegiomnidmtderpcandri vi ng

l.i nd d f hyd lind
Const  ucitoiblngber anngrieot 5@%&%.%9 L Shaaiseriimisesd b, Rydraul i o
i nd t t dt t | te,1 t he di 2
2 tovabRSTPREAC g BRYmeRP SR TSR p&ésﬁﬁﬁﬂ%&ﬁ? B8 Baidy s [Sosb]e
[ SUbS! QB dral e GRIRE BonlBE boQind il By oml LBRLEo IS ot

petratin I'n the up-an |on. nto the penetrating hole
ét her e ;garlRRly bsrdddedithol® WRarfsRch 31 V\:hl ch is vertically disposed on

[Best Mode for Carrying out the Invention]
[0029]

With reference to FIGS. 1 through 5, reference numeral 1 denotes a
compression molding machine which is suitable for manufacturing rare earth
permanent magnet of this invention, in particular, Nd-Fe-B sintered magnet
(inclusive of oriented body and molded body). The compression molding
machine 1 is of a uniaxial type in which the direction of pressurizing
(pressing direction) is vertical to the direction of magnetic orientation, and
has a base plate 12 which is supported by leg pieces 11. Above the base

- plate 12 there i1s disposed a die 2. The die 2 is supported by a plurality of
supporting columns 13 which penetrate through the base plate 12. The
other end of each of the supporting columns 13 is connected to a connecting
plate 14 disposed below the base plate 12. The connecting plate 14 is
connected to a driving means, e.g., a cylinder rod 15 of a hydraulic cylinder of
a known construction. According to this configuration, when the lower
hydraulic cylinder 1s actuated to move up and down the connection plate 14,
the die 2 is movable in an up-and-down direction (pressurizing direction Y),

[0030]

In substantially the central part of the die 2, there is formed a
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substantially the central part of the upper surface of the base plate 12.
When the |l ower hydraulic cylinder is actuated to |ower the die 2, the | ower
punch 31 is inserted into the penetrating hole 21 to thereby define a cavity
(filling chanmber) 22 inside the penetrating hole 21. Relative to the cavity
22 a powder feeding apparatus (not illustrated) of the known construction
Is novable back and forth. By neans of this powder feeding apparatus there
can be filled an alloy raw neal powder netered in advance into the cavity
22. [0031] On an upper part of the die 2 there is disposed a die base 16
whi ch | i @snetyaing haetd] mhtherupwmnsl-dewndirectivna Iniethe penelgatior hdle die

base 16 there is provided an ypper pungh_32 i.n a positigqn capable of
i nserti oty Higeroa @avlinﬁsfrtegza Tosie wainch o3 tWQChdﬁn%ﬁrtlﬁaﬁyif@ﬁgO%fi Phe die

cach of cHE-petRaEhAdRsflcBaiinbl hp SpRSPReE i e WAL orna of
whi ch | s WhtRdpbdos HRRSEISUETARE: i®hohitedies 1wed thb e UPRRE 15HEEACE Of

the die base 1 ere I's conne riving neans, e.g., a cylirnder rod 18

of a hydiAichC3T Y4 iMkéeted fifth thel piidtaateay hold 23 fonhielbPAStinecd cavity VWhen
this hydraulic cylinder is actuated, the die base 16 becones noveabl e up

and down (fillimtechdmbene2Diriside tledpedatratidg Imdn Qe quBeldtyve trethepgaritypRRch 32
becones novabl e in the vertical direction pressurizing direction) so that
the uppera pawder feeding appanatus tat iHustrated) ¢fetha daowiy cppstauctionfist he
vertical l %agale di e go ccarding to tBis cgnfig ration, at the time of
conpr essBAVaRIE dagh and, for 1035&1& Re&f thisweew denfepding BRParMMscdeEd by the

pair of the,u ryand.J ower punches ;31 2 ithin the cawity 2 ereby a
| ded bty WA AB RIS R BEAT AR 9%E melfred b ftiicR iniiithd ooty 28"
_ ipherylgbgipe die 2 there is provided a magnetic field generating

appar at us In"order to orient in the magnetic field the an alloy 11 raw

L e Du bt B2 » ol s anTs siagiesrrs i
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 capable of insertion into the cavity
22. Further, at the corner portions of the die base 16 there are formed
penetrating holes in the vertical direction. In each of the penetrating holes
there is inserted a guide rod 17 one end of which 1s fixed to the upper surface
of the die 2. To the upper surface of the die base 16 there is connected a
driving means, e.g., a cylinder rod 18 of a hydraulic cylinder (not illustrated)
of a known construction. When this hydraulic cylinder is actuated, the die

- base 16 becomes moveable up and down guided by the guide rods 17 and
consequently the upper punch 32 becomes movable in the vertical direction
(pressurizing direction) so that the upper punch 32 can be inserted into the
penetrating hole 21 of the vertically movable die 2. According to this
configuration, at the time of compression molding, the alloy raw meal powder
P will be compressed by the pair of the upper and lower punches 31, 32
within the cavity 22, whereby a molded body can be obtained (molding step).

[0032]
In addition, on a periphery of the die 2 there is provided a magnetic field

generating apparatus 4 in order to orient in the magnetic field the an alloy
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fromboth sides, and has a pair of yokes 4la, 41b nade of a material that is
high in magnetic perneability such as carbon steel, mld steel, pure iron,
per mendur, and the like. Both the yokes 4la, 41b have wound t her eabout

coils 42a, 42b and, by charging each of the coils 42a, 42b with electric
power, there will be generated static magnetic field in a direction X
perpendi cular to the pressurizing direction (up-and-down direction Y).
According to this configuration, the alloy raw neal powder P filled in the
cavity 22 can be C oriented. [0033] @ The alloy raw neal powder P is

manuf act dfwdmealtprwvden Powside rdeneavity 122. ot Hee mpgnpsic Beld gengrfing are

bl ended in a predeterm ned conposition .ratio, and an alloy . of. 0.05 mm- 0.5
mis fi @@paﬁﬁmﬁa dispasestina syaHastGAl PapResso ag (g .S?néﬁ%h e 5 2ast

met hod. e.pPther ha an al.l oy of ahout t hy ck . al ¢

manu act R g g, AR b SR Bt BY aBkelaRE Ry L B Kl R of o
Zr, Dy, % o] F : @‘g,g%q) td b i

manuf actﬁlrlglg lglc?lggﬁ?égg?i)arse ;chyr Egﬁéfsggalg;oﬁn%%ggh@glﬁioat-egrt%ﬁn%lrl{)é; ."ﬁ‘g step
and is spesprudil and ithellikdr Both the fokdd 413, 418 haeeGkoeid RBerdbent i n
nitrogen gas atnosphere, thereby obtaining alloy raw neal powder of an

aver age pails 42he48b amdobyZhat@ingneachnoft thiescatlasta, i42bt wthoplecteivi payver; ocess i s

used, the alloy raw neal powder P becomes angul ar particle shape, each
crystal ftheea wild bareaeratedpsatipgeaguatiefieldia a diregtien 2o perendienjar fe

2? [ tﬁ'rcl;] ?ﬁhgaaﬁqgﬁgﬁél ¥ tfksl “%V‘Qig?lghﬁgnafeﬂqﬁcﬁ?r@f%t?5ﬁg: éo{éiiz%()?ﬁhﬁmévi e 2
f . _ ! ,
the al | oy SPFARY. FiuafR IRl medlobelBey T RERCH BEE AR PE R e v

rectiongidi¥ed he pair of upper and | ower punches 31, 32 to thereby nmold 12
under pressure the alloy raw neal powder P. At this tinme, it is necessary to
make an afoeggknent so as to obtain a high orientation, thereby inproving

The alloy raw meal powder P is manufactured in the following manner.
In other words, Fe, B, and Nd are blended in a predetermined composition
ratio, and an alloy of 0.05 mm ~ 0.5 mm is first manufactured by a quenching
process, e.g., by a strip cast method. On the other hand, an alloy of about 5
mm thick may also be manufactured by a centrifugal casting method, or else
a small amount of Cu, Zr, Dy, Al or Ga may be added at the time of blending.
Then, the manufactured alloy is coarsely crushed by a known hydrogen
crushing step and is subsequently finely ground by a jet mill fine crushing
\W step in nitrogen gas atmosphere, thereby obtaining alloy raw meal powder of
an average particle size of 2 ~10 pm. In this case, if the quenching process is
used, the alloy raw meal powder P becomes angular particle shape, each
crystal fracture area can be made large, and the clearance among the
particles of the alloy raw meal powder P can be made small.
[0034]
Now, after filling the cavity 22 formed in the penetrating hole 21 in the
die 2 with the alloy raw meal powder P that was manufactured as described
above, the alloy raw meal powder P is pressurized in the upper and lower

directions by the pair of upper and lower punches 31, 32 to thereby mold
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the magnetic properties. In this enbodinent, in order to inprove the
flowability of the alloy raw nmeal powder P, a lubricant is added in a
predetermined mxing ratio to the alloy raw neal powder P. The particle
surfaces of the alloy raw neal powder P are thus arranged to be coated with
this lubricant. [0035] As the lubricant, solid lubricants or liquid

| ubricants having a low C viscosity are used so that they do not damage the
metal nold. As the solid lubricants, there can be listed | anellar conpounds
(MbS2, W52, MoSe, gr e, BN, CFx apd the like), soft netal (Zn Pb, and
t he |.ke)undrergarasswrﬁtf$@ aalioyr(advmﬁ%cp eé Nus&me,rlt 1§ fECeHRaTY itRe)
organi c hi po PTEE se s, .aliphatic n r

2l Pphat | Aheks RRATEREpweaL S dfaebtaif ) BeH ?%?P@’ﬁt Bkt idpfnate
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zinc stearate, am de, gr ease o Iuoroe er series 036] On
the ot herﬂdﬂﬂﬂﬁhtgﬁ%ft ﬂee ld1Toy GatwihéfapbwdePeEP e aCitbRant 3 efldedt whah grease
material (vegetable oils such as castor oil, coconut oil, palmoil, and the

l'i ke; m mpredétepidiaed prixing autiogteetlse allapdravwanéalkpwdeand. ofl‘gmnparthciw

nol ecul ar materials (|l owgrade aliphatic series, lowgrade fatty acid am de
seri es, Isomfag:ea@éthataﬂlpya‘@mw@ﬂ powsleriBoaye thus arrangetlitothcacdafedvetlr abl e to
use | |quil f tty aC| d, liquid fatty acid ester, and liquid fluorine

| ubri cantt! }@nty ubricants are used with surfactant or by diluting with
sol vent . Tp@%@fr bon residue content of the lubricants that I’EITB.I ns after
sintering s the <coercive force of the nmagnet. Therefore, S

preferable tovysge! Rt IBECULAY 1tElats B BELAL pbAckA glat,ﬁfgegde renoval

t he smterlng step 30h case a s ricant 1sa to the
iloy ranéE%@it?r%‘éQ%edPso tiaddiHeyOdb #BY dAthdFRAel MealMnbldld Aathe s6hd0. 02 wt %

- 0. % he m xi ng
lubricants, there can be listed lamellar compounds (MoS:, WS:, MoSe,
graphite, BN, CFx, and the like), soft metal (Zn, Pb, and the like), rigid
materials (diamond powder, TiN powder, and the like), organic high polymers
(PTEE series, aliphatic nylon series, higher aliphatic series, fatty acid amide
series, fatty acid ester series, metallic soap series, and the like). It is
particularly preferable to use zinc stearate, ethylene amide, and grease of
fluorcether series.
[0036]
On the other hand, as the liquid lubricant, there can be listed natural
W grease material (vegetable ocils such as castor oil, coconut oil, palm oil, and
the like; mineral oils; petroleum grease; and the like), and organic low
molecular materials (low-grade aliphatic series, low-grade fatty acid amide
series, low-grade fatty acid ester series). It is particularly preferable to use
liquid fatty acid, liquid fatty acid ester, and liquid fluorine lubricant. Liquid
lubricants are used with surfactant or by diluting with solvent. The carbon
residue content of the lubricants that remains after sintering lowers the
coercive force of the magnet. Therefore, it is preferable to use low molecular
weight materials to facilitate the removal in the sintering step.

[0037}
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ratio is less than 0.02 w% the flowability of the alloy raw neal powder P
will not be inproved and, consequently, the orientation will not be
i nproved. On the other hand, if the mxing ration exceeds 0.1 W% the
coercive force lowers wunder the influence of the carbon residue content
that remains in the sintered nagnet when the sintered magnet is obtai ned.
Further, in case a liquid lubricant is added to the alloy raw neal powder
P, it may be added in a range of 0.05 W% - 5 w% If the mxing ratio is
|l ess than 0.05 wt% the flowability of the alloy raw neal powder P wll not
be i nproved dndcasecenseifidabrigant n@r%ide@ épﬁbgsalﬁw irey mpeal pewder iBnt ati on
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every corner of the alloy raw nea P and, due to high lubricating

ef fect, ahbiogher hand cfthé hﬁﬂlrfgifhtitﬁl @iﬁe@d@edl wt'{/oeeﬁﬁboémlae%ﬁceemg ment,
there was provided the m xing apparatus 5 that is novable into, and out of,

t he cavi tunde?. th¥ tinfluhned nd thd lcadbdmeresbliiet ycoﬁ@rﬂ;s thatherefmaihs ngp ¢hanber
with the alloy_ raw nmeal powder P, prior to the ngl)resm on nol di ng (nol ding
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of a known
On the other hand, if the mixing ration exceeds 5 wt%, the coercive force
lowers under the influence of the carbon residue content that remains in the
sintered magnet when the sintered magnet is obtained. By the way, as the
lubricants, if both the solid lubricant and the liquid lubricant are added, the
lubricants will be widely spread to every corner of the alloy raw meal powder
P and, due to high lubricating effect, a higher orientation can be obtained.
[0038]
In this embodiment, there was provided the mixing apparatus 5 that is
i.,,e, movable into, and out of, the cavity 22. After having filled the cavity 22 as
the filling chamber with the alloy raw meal powder P, prior to the
compression molding (molding step) with the pair of upper and lower punches
31, 32, the alloy raw meal powder P in the cavity 22 was arranged to be
oriented, while agitating, in the magnetic field in a state in which each of the
coils 42a, 42b of the magnetic field generating apparatus 4 is electrically
charged (in the magnetic field), thereby generating the static magnetic field
(orienting step).

[0039]
The agitating apparatus 5 has a supporting plate 51 provided on an
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construction. A pneumatically driven type of nmotor 53 of a known
construction is mounted on a cylinder rod 52a that is projected to the | ower
side of the supporting plate 51. A rotary vane 54 is nounted (rotary
agitation) on the notor 53 at a rotary shaft 53a that is disposed at a
Rosition on a longitudinal axial line of the cylinder rod 52a. The rotary
shaft 53a and the rotary vane 54 constitute the agitating neans. The rotary
vane 54 is of a screw vane type (propeller vane). The rotary shaft 53a and
the rotary vane 54 are made of a non-magnetic material such as 18-8

st ai nl esgippeaduriaye ofvthd dip Brhia paradle) theegwithaa Thedupprr senfaes ofdhe 54 in a

non-magneti c nmaterial, at the ti agitating the all raw neal powder
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st opper ot jllustr d rovi ded on the ide rgils 55, the rotary shaft
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of

field, the alloy raw meal powder P can be prevented from getting adhered to
the agitating means, the adhesion causing insufficient agitation of the alloy
raw meal powder P and consequent disturbance in the magnetic field.

[0040]

The supporting plate 51 is mounted on two guide rails 55 elongated in a
direction perpendicular to the vertical direction Y. By sliding the supporting
plate 51 along the guide rails 55, the agitating apparatus 5 becomes capable

w of moving back and forth relative to the cavity 22. In this case, the powder
feeding apparatus may also be mounted on the same guide rails 55 so as to be
freely moveable back and forth relative to the cavity 22. Once the agitating
apparatus stops at a stopper (not illustrated) provided on the guide rails 55,
the rotary shaft 53a is positioned so as to be located on the longitudinal axis
of the pair of the upper and lower punches 31, 32. A lid plate 56 made of a
non-magnetic material is mounted on the rotary shaft 53a of the motor 53.
Once the cylinder 52 1s actuated to thereby lower the rotary vane 54 to a
predetermined position inside the cavity 22, the lid plate 56 comes into

abutment with the upper surface of the die 2 to thereby close the upper part
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the cavity 22 during agitation. (0041] According to this configuration,
when the alloy raw neal powder Pis oriented in the magnetic field, the
flowability of the alloy raw nmeal powder is inproved by adding the

| ubricant to the alloy raw neal powder P, and the alloy raw neal powder P
that is filled into the cavity 22 and is highin flowability is agitated
while charging the alloy raw neal powder with the "., magnetic field. As a
result of the above, the positional relationship inside the cavity 22 anong
the particles of the alloy raw neal powder P can be changed fromthe state
at which it was initially filled into the cavity 22. In conbination

t her ewi t I9f the renetvasingdiols £dct Thepled glatec 88 thus earionms ghe Hancigey of 5
fractures of the | oy, raw nmeal .powder avi ng nore equal, cryst.gl

o + ont ar PeRgtieg 2he GHlo T aral i G B oo R it oG PUBife g t he
same cry I | eat at . | ..rel ati onship get conbi ned, strong bondi ng chains
are fornzggCgﬁg&?%éﬁ%Fﬁgggpaﬁpgbtures get joined together w thout clearance
in the dipggijon of magnetic orientation. By executing conpression nolding
in this state, there can be obtained a high-density nol ded body M (see FIG

5) without disbrdibangethis dohfigara@on aivhen. thsaloy eaw neadll ponadeaaBdsi n t he
strength of the nol ded body, the rate of occurrence of unacceptabl e products
can be | omErgedd amdha nmadnbdet Heldy the {peabdnsrif thegdkdty) raof nidad poveatprdsi ¢
properties can be obtained. In this case, if a resin binder is mxed with
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upper punc 32 1's positione see
cylinder the cavity 22 among the particles of the alloy raw meal powder P can be
changed from the state at which it was initially filled into the cavity 22. In
combination therewith, as a combined effect, the chances of combining the
crystal fractures of the alloy raw meal powder P having more equal crystal
orientational relationship increase. Once the crystal fractures having the
same crystal orientational relationship get combined, strong bonding chains
are formed, and the crystal fractures get joined together without clearance in
the direction of magnetic orientation. By executing compression molding in
this state, there can be obtained a high-density molded body M (see FIG. 5)
W without disturbance in the orientation. As a result of increase in the
strength of the molded body, the rate of occurrence of unacceptable products
can be lowered and a molded body M (permanent magnet) of high magnetic
properties can be obtained. In this case, if a resin binder is mixed with the
alloy raw meal powder P to be filled into the cavity 22, rare earth bonded

magnet (molded body) of high magnetic properties can be obtained.

{0042]

Then, with reference to FIGS. 1 through 5, a description will be made of
the manufacturing of Nd-Fe-B (Nd-Fe-B system) sintered magnet. First,

from a waiting position in which each of the upper surfaces of the die 2 and
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actuated to raise the die 2 to a predeterm ned position so that a cavity is
defined inside the penetrating hole 21. Then, by the powder feeding
apparatus (not illustrated), the alloy raw neal powder P that has been

wei ghed in advance and to which a lubricant has been mxed in a
predetermned mxing ratio is filled into the cavity 22, and the powder
feeding apparatus is retreated. In this case, the charging density of the
alloy raw neal powder P in the cavity 22 is set to be 2.2 - 3.9 g/cc in
order to C prevent the alloy raw neal ﬁomder P from getting unbal anced or in
order t othe dewer pnaehchh axe ﬁgeb veith eiah tather andagi whichothe gpperpuncly) .

0043 , the, agi ' 51 d he r. / shaf
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bl ocki ng the upper surface of the penetrating 21. "At the sanme tine,

t he rot appuaaisodndtsillitiated), thd haloy koY hHval Favdeowehal Had beeni nto the
cavity 22 Fsee FIG 3). Inthis state, the coils 42a, 42b of the magnetic

field gemesighedgimmppdiraaticas aad do ewhiich gedlubiridarg| dasr beepowarednty an t he
magnetic field, the notor 53 is actuated to rotate the rotary vane 54 in

t he cavi tyedetetminethtmigngt egdjo is nflilledhiinte dbe, cavitoraterand thet apwdgrhi gh
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4000 rpm and the rotary vane is actuated for a predeterm ned period of
time (1 - [B0O42Londs).
Then, the agitating apparatus 5 is moved so that the rotary shaft 53a of
the motor 53 is positioned on the longitudinal axis of the pair of upper and
lower punches 31, 32 (see FIG. 2). Then, the motor 53 and the lid plate 56
are lowered through the hydraulic cylinder 52. The lid plate 56 thus comes
into abutment with the upper surface of the die 2, thereby blocking the upper
surface of the penetrating hole 21. At the same time, the rotary vane 54 1s
buried in the alloy raw meal powder P filled into the cavity 22 (see FIG. 3).
W, In this state, the coils 42a, 42b of the magnetic field generating apparatus 4
are charged with electric power and, in the magnetic field, the motor 53 is
actuated to rotate the rotary vane 54 in the cavity 22 (orienting step). In
this case, in order to obtain a high orientation, it is preferable to agitate with
the agitating apparatus 5 in the magnetic field of a range of 5 kOe ~ 30 kOe,
preferably, 10 kOe ~ 26 kOe. If the magnetic field intensity is weaker than 5
kOe or stronger than 30 kQOe, a sintered magnet of high orientation and high
magnetic properties cannot be obtained. In addition, in order for the alloy

raw meal powder P filled into the cavity 22 to be mixed in its entirety, the

number of rotation of the rotary vane 54 is set to 100 ~ 50000 rpm, preferably
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[ 00441 According to this configuration, even if the upper punch or the

| omer punch is subjected to vibrations as in the conventional nethod, in
case the crystal fracture of the raw neal powder particles P that |ie next
to one another in the direction of magnetic field do not neet each ot her,
there will remain clearance anong the alloy raw nmeal powder particles P
This results in failure to array the alloy raw neal powder particles P in
the direction of Cthe nmagnetic field orientation. |If the conpression
nolding is performed in._ this state, the orientation gets_ disturbed. Like in
the enbodp ,TIoR. aRd theiratarhxage ippchiatedifong mdegelagmealt pwgog 96 al | oy
raM/neaItFomq r Pin g_)state I n which the magnetic field is charged

t heret o, ‘t'H& ﬁos PYOREP rel ationship among the particles of the alloy raw
neal pomd?bog yﬁthin the cavity 22 will vary fromthe state in which the
al | oy raM/neaf powder was filled into the cavity 22. There will thus be
many chances AQbrdin@ & ¥Ysik&onfigidativheevéad if Bfe alppey JhBAltheqwReE P that
has nore equal crystal orientational relationship to be conbined. Once the
crystal fpuarhuisesubjestedgo dbvationy ustial ther ¢aivieationahmethbd! iwreabé phget
bonded with one another, there wll be formed a strong bonding chain. As
shown i n cEystal 4¢aoture d threy sawl mefal gumwdeags pgeticlpoihdhadi i mext cioeanance in
the direction of magnetic orientation_in a manner to forma par-shape,

t her eby @noskemmn the direclippadipagnesic fighd datnati Brebeach othergiherecwill | g,
[ 00451 Then,. once the agitation,of the allo aw nea r. P in. the
mgnet i ¢ FeRER Glaatahis afttner herlsy st adtimaglet ot lng e “THie ettt ne
position;j ' i [ Y, edi.e nd
Pher ea t ab TAIGRE o drpfy £RE By AANE ah DA Pt UM qeBticn o770 | |
reby rBbraaknétic fikld bbieht4#@6€, Ififhe QFidsbonCh@dingdist gerfdiendPihs 42a,
42b w Il not bé stopped. Then, the die 18 base 16 is |owered to insert the
upper purthis 8éitéy thn bhientypen getddidtatleed hd.ikpeimethaeimigdiakeat,2dn the a state
in which the magnetic field is charged,
other hand, by orienting while agitating the alloy raw meal powder P in a
state in which the magnetic field is charged thereto, the positional
relationship among the particles of the alloy raw meal powder P within the
cavity 22 will vary from the state in which the alloy raw meal powder was
filled into the cavity 22. There will thus be many chances for the crystal
fractures of the alloy raw meal powder P that has more equal crystal
orientational relationship to be combined. Once the crystal fractures having

equal crystal orientational relationship get bonded with one another, there

will be formed a strong bonding chain. As shown in FIG. 4(b), the crystal

(3

fractures get joined without clearance in the direction of magnetic orientation
In a manner to form a bar-shape, thereby arraying in the direction of
orientation of the magnetic field.

[0045)

Then, once the agitation of the alloy raw meal powder P in the magnetic
field has been finished, the cylinder rod 52a is lifted to the position in which
the rotary vane 54 is away upward of the die 2, and thereafter the agitating
apparatus 5 is slid along the guide rails 55 to thereby retract it. In this case,
the electric charging to the coils 42a, 42b will not be stopped. Then, the die
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conpression nolding of the alloy raw meal powder P inside the cavity 22 is
started by the pair of the upper and | ower punches 31, 32. After a |apse of
a predetermned tine, the electric charging to the coils 42a, 42b is
stopped and, in this state, conpression nolding at the nmaxi num pressure
wll be executed. Finally, the upper punch 32 is gradually lifted to
thereby gradually reduce the pressure. The conpression nolding is finished
and the nol ded body M is fornmed (nolding step). According to the above

oper at i ons, conpreSS|on C.nolding is performed in a state in which the alloy
raw meal bgsddErisilewpsgchriinsest shejupper Pynchb3Zfgpethe upper gidsringathe i on j ust

as Lo he BERCGRURE B5IS it ndn hO%i%@é: 18 RATS (B Bt hoiSh sy RO hor o
can, be. ohbalaeckian thoNiAE0P LAY a1lSgSs Aiocd A1oP TRRN AIRGREE) ot hout

di st ur bance i n I'on I'C proper I'eS are al so

|rrproved stéRQ&@y thEshifet %@ﬁpﬁéﬁéﬁ&ﬂ@wa‘ghﬁ@hé@ﬁﬂ'ﬁm SARPr h9ap&d oitzi’ a range
of 0.1 -, cn2, nore preferably t /cn2. At the nol ding

pr essur e,pré@étermiﬂéﬂ)hme hb@ledirit chhegiticttoehatbotied2a0dib doempped airlye a
sufficient strength. For exanple, it gives rise to cracks when the nol ded
body is tinkbis state, @bntﬂressionmml;iir@abthet maximugi pge%ppelmﬂldm exeoutdde ot her
hand, at a nplding pressure exceeding 1l t/cn2 a pressure is exerted on
the al | oyfipallynihe uppen@anch 35 aeadtrr@hf:ébﬁedytoztzh%rﬁhy gradgafgsieduce np| di ng

d | 1 k t .of and ,al
Cosorn | e Hrpafiner o el @aniesSion HOL 8 ﬁgegsfeﬁgﬁgf AR A hoay M4
ddi t t th |d t t
S ange d Db GRElbe Slerd ! ACRANEL Lf (HeCabold ph IR b ERon ¢ OO LY
Qan 5 kGRoldiReTLpE@BRALA B8 a0fhl NEYhidh mn&%%sz ool pBdBRLSIdiRBd and i gh

in magnetic properties. On the other hand, if the intensity of the magnetic
field isifatsaigstidnhah nbdokddi fiehdk ol&nmaﬁmtjuet fliled ehddiigy at bag shppar at us

becomes too large to be practical. 100471
without clearance among the crystal fractures so as to be in an array in the
magnetic field orientation. Therefore, there can be obtained a high-density
molded body M (permanent magnet) without disturbance in the orientation,
and the magnetic properties are also improved.
{0046]

The molding pressure in the molding step is set to a range of 0.1 ~ 1
t/lcm2, more preferably to 0.2 ~ 0.7 t/cm2. At the molding pressure, for
example, below 0.1 t/cm?2the molded body does not have a sufficient strength.

\,.,,H For example, it gives rise to cracks when the molded body is taken out of the
cavity 22 of the molding apparatus. On the other hand, at a molding
pressure exceeding 1 t/cm? a high pressure is exerted on the alloy raw meal
powder P inside the cavity 22 and, as a result, molding is made while
orientation is struck out of shape and also there is a possibility that the
molded body gives rise to cracks and splits. In addition, 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 weaker than 5 kOe, there cannot be obtained

a product high in orientation and high in magnetic properties. On the other

hand, if the intensity of the magnetic field is stronger than 50 kOe, the
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Subsequently, after having demagnetization by charging reverse nmagnetic
field of, e.g., 3 kCe, the die 2 is lowered to the |lower end. The nol ded
body Minside the cavity 22 will then be pulled out to the upper surface of
the nolding die 16. The die base 16 is noved to thereby nove the upper
punch 32 to the upper end, and then the nol ded body is taken out. Finally,
t he obt ai ned nol ded body is contained in a sintering furnace (not
illustrated) to execute sintering for a predeterm ned period of tinme at a C
predeterm ned tepperature (1000C) in, e.g., argon atnosphere (sintering
step). Famagnatic Hejdgenerasdnganparatushecomed toolanggda betnrespptr e for a
predeternkQSgTﬁeriod of tinme at a predeterm ned tenperature (500C), thereby
obt ai ni ng tered nmagnet (Nd-Fe-B sintered magnet). [00481 1In this

T i cht he SHRBALLALG. hPES BRARe TS SRR, R HAIdG, YS! o
magnet i «thghdtic VIO o el Dk Nieeic Dk lBord NN eFECTRE ! i ng

appar at us | mol’'ding direction is in parallel with the direction
of the nagsldedchddyeMl.inkideatiti theity 2 willi thetimbedpukéd .oudstot tiee @ipper
orientation magnetic field at the tine of agitation and nol ding, there was
used a stsarfacemfighemddingde 16 Vbhe dig base 16 enmioved gertherdby mowe thé t he
magnetic field does not change. Wthout being Iimted thereto, there may be
used, as WReRPURchrpE togthequnpeihendc apdﬁsb@nfa@ maldeduhody isHakent @isi ty of

T, B e AT P LR RS R ST
charged. pgSASTANTR, EReb e P OB RLA gL SR SR, B 878

tg the al
@oy [ a\roliBiRkmiRAY A perihiaRe(fignaPiin] b NafedieoinlIBhONC CibleriRe

addition of lubricants, the orientation can further be I nproved.
case, thet@eri dturtBer,Ohgivg Sfeatmept efsebrbduted 116 argdn Sataiskpheee nfoR- put put

time shall preferably be set to below 500 ns. If this range is exceeded,
strong barddetgrohnédisperiod dfe time at a predetermined temperature (500°C),
thereby obtaining a sintered magnet (Nd-Fe-B sintered magnet).
[0048]

In this embodiment, a description has been made of a umaxial
pressurizing system in which the molding direction is perpendicular to the
direction of magnetic field. Without being limited thereto, there may be
used a molding apparatus in which the molding direction is in parallel with
the direction of the magnetic field. In addition, in this embodiment, as the

\..,, orientation magnetic field at the time of agitation and molding, there was
used a static magnetic field in which the intensity per unit time of the
magnetic field does not change. Without being limited thereto, there may be
used, as shown in FIG. 6, a magnetic pulse field in which the intensity of
magnetic field per unit time varies at a predetermined cycle. In this case, as
shown in FIG. 7, it may be so arranged that reverse magnetic field is charged.
According to this configuration, since vibrations can be applied to the alloy
raw meal powder P at the time of agitation and molding of the alloy raw
meals powder P whose flowability has been improved by the addition of

lubricants, the orientation can further be improved. In this case, the period
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broken, with the result that a high orientation cannot be obtained. In
addition, in case the nmagnetic pulse field is charged, the peak val ue shal
preferably be set to 5 - 50 kCe. If the nagnetic field intensity is weaker
than 5 kGe, there cannot be obtained a product high in orientation and high
i.n magnetic properties. On the other hand, if the magnetic field is stronger
than 50 kCe, the nagnetic field generating apparatus becones too | arge and
the durability of the apparatus beconmes |ow and is therefore not practical.
[0049] In the enbodi nent, a descrlptlon has been nade of an exa e i n which

a rot ary of ardsesis preferablxylvane 2ypand sheoen- %puhénagustlallm@fe«reb berotary
"5 Whi ch Skt 1o B RGPAMS C Jd shiarwn ell'rs&“g&%f?é@e@d;s Sr@handing cBatns Hill B ng means
S o RORRRARAHT (B shirH HBERCOribfrefion] %f@%n.gtﬂ%ﬁﬁ%qﬁ%@' Bop i 5>
buried '%‘o‘laztléﬁﬂenﬁ'chéby tﬁ@%?’%ﬂ%técﬁgpﬂs%i’n t tOch i ﬁﬁ@tﬁea{l@%a OQRall

hori zont y over t entl e radl a Irection of the caV|ty

22 at a prefiehblytheedt ey e 50 NaDé.zofttle AGighaticdivld inferdditys is asvkedt the
time of rotary agitation or horizontal agitation, the cylinder rod 52a may

be roved thpnaéniOdothesocaamat de obitrineiea wirodectohighhin atibotatiemanddigpowder
Pin the cavity 22. [0050] Regardl ng the rot ary vane 54 in _the case of
rotary aghtmageetic pronestigsasOnnihe wgl m&ﬁmeﬂﬁgﬁ(ﬁ@ﬂﬁ&ﬂmerso as to

m X the of the allo owder P in aV|t there is no
particul \gﬂarleﬁﬂ LQ@. B H}%%Wavvﬁeé %ﬂne %fénsﬁya%tlﬁ&w alfseowd but

povder b s aBck of B g SR bel s P g is SHERIER %a?%r%vaﬁgl There may

enpl oyqdp49] paddl e vane type in which substantially L-shaped plate
pl eces 54a are provided on the rotary 21 shaft while deviating by 90 degrees

(see FI G 8(dn theterhbidigfentandebyiption hasibieeh mMade sf btlexandloiewidel
spirally (see FIG 8(b)); and an anchor vane
a rotary vane 54 of screw vane type is used as the agitating means (rotary
agitation). However, without being limited thereto, there may be used one
in which a rectangular scoop (not illustrated) provided with a driving means
such as a pneumatic cylinder is attached to a front end of the cylinder rod 52a
of the hydraulic cylinder 52 so as, in a state in which the scoop is buried into
the alloy raw meal powder P, to reciprocate the scoop horizontally over the
entire length in the radial direction of the cavity 22 at a predetermined cycle
(horizontal agitation). In this case, at the time of rotary agitation or
aw horizontal agitation, the cylinder rod 52a may be moved up and down so as to
mix the whole of the alloy raw meal powder P in the cavity 22.
[0050]

Regarding the rotary vane 54 in the case of rotary agitation, as long as
mixing can be made, during agitation, so as to mix the whole of the alloy raw
meal powder P in the cavity 22, there 1s no particular limitation. It may be
of the type to generate air flow, but preferably it shall be of a shape that
hardly crushes the alloy raw meal powder during agitation. As shown in
FIG. 8, as the rotary vane, there may be employed: a paddle vane type in
which substantially L-shaped plate pieces 54a are provided on the rotary
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type in which plate pieces 54c are provided so as to extend horizontally
relative to the rotary shaft (see FIG 8(c)). Depending on the selected
rotary vanes, the nunmber of rotation and tine of agitation are
appropriately set. On the other hand, not only the rotary agitation and
hori zontal agitation as the agitation neans, there may be enpl oyed one in
whi ch a gas nozzle is provided at the front end of the cylinder rod 52a to
thereby constitute an agitating nmeans nade of a non-magnetic material. A

hi gh- pressure gas may C thus be inter nasttently or. conti nuously ejected so as

to agit atshafherhile doviating hef0 degries (ee FltheB@dyia yibbepn yoostipe i t he
mbodi ment, . a d iption has. . f e in whi i axi al
or oasur | SV iGhe Voo P AR RISTIE. MBI Sof R SR} an)cant AGhORBRES: o
wder. A t] di ' t.i 14 ust d)..of ;& kp
Const r uctVBh o MG TRk Py Sk e i, SR AL 1A WxePha hIRaNY | upper
mold is B‘eldt‘i’&b W {1 Althpy ﬁﬁéﬂ’ (§@@FIGS’W 'T?)e}?e'ﬁ%iﬁg%ﬁ tHe RIdEE rHAryt P 1S
I eld t he

performed to agitate in the magnetic gitating apparatus 5. On

the ot herydirRdthé hanebemyf BetRent andetn 6£agnetivnl didappigiidtelyesh the
nol ded body M obtained by the nolding step in the uniaxial pressurizing

type of ddnphesghen hamalddinot ondic theeothry agitatiomeandrdioderdnbal agitaigon lae
i sostatic_nolding nmachine. According to this configuration, the occurrence
of crackdeaagitatyon traeans, ttheresnae bepewplesicdcene i whinlc adgag 0084e isFurt her,

0 L eTothi, 1S, COTBress) gn mLdlno mpobie har, Geedlo
SRR R S R T S T Y
Gucver, s Seligiiia; ey et EmBloUgThot 0 sd bR M ATNTEe, 2
body of dealpdedhePinghabatvigpoR. opening and is subjected to agitation by
he [0051]
In the embodiment, a description has been made of an example in which
a uniaxial pressurizing type of compression molding machine 1 is used to
mold the powder. An isostatic molding machine (not illustrated) of a known
construction using a rubber mold may be employed. In this case, this rubber
mold is filled with alloy raw meal powder P, and then an orienting step is
performed to agitate in the magnetic field by the agitating apparatus 5. On
the other hand, there may be performed a second molding step in which the
w molded body M cbtained by the molding step in the uniaxial pressurizing
type of compression molding machine 1 is further molded by using the
isostatic molding machine. According to this configuration, the occurrence of
cracks and splits in the molded product can be reduced.
[0052]
Further, in the embodiment, the compression molding machine 1 was
used to manufacture an oriented body by orienting in the magnetic field while
agitating the alloy raw meal powder P in the magnetic field. Subsequently,
compression molding was executed in a state of charging the magnetic field.

However, the following way may be employed. That is, the alloy raw meal
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above described agitating apparatus 5 for a predeterm ned period of tinme in
a static magnetic field. Thereafter, the agitating apparatus 5 is retracted
and, wi thout demagnetizing, a lid of Mo nake is nounted on the upper
opening of the box body. Thereafter, the magnetic field is attenuated and
subsequently the box body with the |id nmounted is placed as it is into a
sintering furnace for sintering to obtain a permanent magnet (sintered
body). In this case, the intensity of the magnetic field is set to 12 kCe,
and the box body is formed %Vinto a cube of 7 cm And a sintered body was
obt ai ned pbwd@ettﬁahgas heemghtained ¢h thenhoveprafeduneisflledinion hpphedyus 5 to
40000 rpmand the tine of agitation to 2 seconds. As a result, average
magneti c %ﬁ\%emﬁﬁéél%ﬂn@ra& uppsr gpepine @pd) ispgublectsd to peitagion by the degr ee

of orientation of .99% wer obt ai ned.- F00531 . Further, in the .enbodinment,

a1 t hough BoHESerribebhATABnp dBRARAGE 2ot T ifR Al e pfod REAERIRES g
magnet , i . n [N e : dy, and a
eanet B PR el haRkIAT e REDE AL o dBhdEd oo

ori enti ngvipRyEedeRakAsiZRS, hNid HEMo makBdehdented Ity uSp&Codrfing 0! d;
conpressing the oriented body in the magnetic field or electric field; or,

i n addit itha boa dyl nTheeedtaf thd amapmpicesdd aa at@miatgd andi subsequentiye body
oriented in the magnetic field or electric field or conpression nolded. For
exanpl e, thaiboxdbadynwythbtheapgimeuntasl ishplacedmgfiads imfong softexing fursaeel body of

silicon nitride (Si 3 by nolding a predeterm ned powder .i.n the ghetic
field andox patedngdep %ﬂi% PeNERneRy] magnet %@Iidﬁ’ﬁdagﬁﬁl@lﬁwaﬂﬁdi B all oy

ol d; ndbgyegn B e Ritene D g0y ey 1855 YOReraRL GRLNFY nBRY AR P *
o2 at syt LGS BY ofEUA AR Ut od BLAISHA! ABARATY Sottishothe Atitiber

thereafter, sintering step was execu
of rotation of the agitating apparatus 5 to 40000 rpm and the time of

agitation to 2 seconds. As a result, average magnetic properties of Br =
15.01 kG, (BH) max = 55.1 MG Oe and the degree of orientation of 99% were
obtained.

[0053]

Further, in the embodiment, although a description has been made of
manufacturing of the sintered magnet, this method of manufacturing an
oriented body, a molded body, and a sintered body can be applied to:
manufacturing an oriented body by orienting powder polarized in the

magnetic field or electric field; compressing the oriented body in the magnetic

¢

field or electric field; or, in addition to or in place of the compression molding,
sintering the body oriented in the magnetic field or electric field or
compression molded. For example, this art may be applied to the
manufacturing of a sintered body of silicon nitride (SisN4 by molding a
predetermined powder in the magnetic field and then sintering it.

(Example 1)

[0054]

In Example 1, Nd-Fe-B alloy raw meal powder was manufactured as

described below, an orienting step and a molding step were executed by using
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whi ch the nol ded body was sintered in argon atnosphere at a tenperature of
1050 C for 4 hours, thereby obtaining a Nd-Fe-B sintered nagnet. [0055]
(Al'l oy Raw Meal Powder) As Nd-Fe-B sintered magnet, material having a
conposition of 25Nd-3Pr-1Dy-0.95B-1 Co-0.2A1-0. 05Cu- O. O1lGa- 0. 05 Mb-bal . Fe
was used to manufacture an alloy raw material by vacuum fusion and nol ding.
The alloy raw nmaterial was once subjected to coarse grinding by, e.g.,
hydrogen crushing step and then was subjected to fine grinding by, e.g.,
jet mll fine grinding step to thereby obtain an alloy raw neal powder. As
t he nol diang hetowiidesembed | ymakding happargtuscuem thérebs t mamtactaral | 8y, it

was nol ded i.nto a ter-cool ed cupper bqgok nold (box type nold) of .10 mm
t hi ck (bd&ﬁdﬁwmsmgﬁ P}Olﬁffg ivpﬁweﬁﬁﬁﬁﬁmat%mg? smff@ra{go%pd@%%ﬁwéaeéunoy was
nol ded on_a. er - cool,ed jrotating cupper raoll and,was ufactured i-nto a
foi | band"pichrheymEeg Epdyas yiferiddiinaod armfiongse LR il oo
vacuum ' = ' I8V -BN mm t hi ck was
manuf ac'?ﬁirdg y%e%???%gggﬁeﬁgzﬁ%gﬁﬁ%gnlgg%geuga lhfc-:égg{i flgégglﬁegt hod). To the
al l oy raw[gesb) powder P thus nmanufactured there was appropriately added a
solid lubricant containing stearic acid and cobalt stearate, or a liquid
| ubri cant mad@dlbl RaworMeel | Rdwdaant Aat Nal-FesB ngntertd onefgndt,2 mai4arigl 0056]
(Ml ding Step) (i) As the nol di ngﬁétep t he uni axi al conpression nol ding
machi ne ‘having aeampositiorcof 25Nds3Ris ey -0r9@B ddimd 248dibP5 Geikh Hga -OR&hine 1 is
consti tut dﬁ%iFas to be able to,generate the static r’rﬁ netic field of
maxi mum Pokad Ferwap aised i ppanuiagturengn lloy rave matera, gyo\facv usipPoy  raw
nmeal powder, P filkled in the cavity 22 in an jnert, gas atnosphgre. Then,
w1 o ondih eiie s 118 e bAE R et a5 pod BRbiia Y Spatsf ARAhE oot o
t he agit atj n CLl 1 4 period
e gl 8 i agen e descabelc RS O Bl Pl BRI ARE b
field wag BeiOmeaGe grindPiP 5635t Ph&rleBR MBIERACAHIRArAY hbgl pewiep! upper
As the molding conditions, i) after having vacuum-melted the above alloy, it
was molded into a water-cooled cupper book mold (box type mold) of 10 mm
thick (book mold), i) after vacuum-melting, the above-described alloy was
molded on a water-cooled rotating cupper roll and was manufactured into a
foil band (strip) of 0.1 mm ~ 0.5 mm (strip casting), or iii) after the
vacuum-melting of the above-described alloy, an ingot of 30 mm thick was
manufactured by centrifugal casting (centrifugal casting method). To the
alloy raw meal powder P thus manufactured there was appropriately added a
,._, solid lubricant containing stearic acid and cobalt stearate, or a liqud
lubricant made of fluorine lubricant at a mixing ratio of 0.2 wt%.
[0056]
(Molding Step) (i) As the molding step the uniaxial compression
molding machine 1 as shown in FIG. 1 was used. The compression molding
machine 1 is constituted so as to be able to generate the static magnetic field
of maximum 16 kQOe in the cavity 22 having a square opening of 7 cm. Alloy
raw meal powder P was filled in the cavity 22 in an inert gas atmosphere.

Then, while charging the static magnetic field of 16 kOe, agitation was

executed by the agitating apparatus as described below for a predetermined
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and | ower punches 31, 32 (nolding step). The nolding pressure in this case
was set to 0.5 t/cnR. After conpression nolding, reverse nagnetic field of 3
RCe was charged for denagnetization, and thereafter the nol ded body was
taken out of the cavity 22. [00571 (ii) As the nolding step rubber nold for
i sostatic nolding apparatus having a square cavity of 7 cmwas filled with
all oy raw neal powder P. AWWile charging the static nmagnetic field of 12
kCe, agitation was executed by the bel ow descried agitating neans for a
predeterm ned period of time. Thereafter, the agitating neans 5 was

r et r act e@eriedofttimer(obistingmitaplvasTherapfier inia ktate lindvhighcthgamagnetie por t ed
to an isqgstatic nnldi%g appar at us (.not iIIustrat%%% for further nolding at
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18-8 stainless steel nmake was nounted on a hydraulically driven

reci pr ocahkew oat bfieheotavityoR2. | | ustrated) and was reciprocated for 2 seconds
at a reciprocating speed of 10 times per second and 40 nm stroke. As a
conpar at i \808%hnpl e, agitation was al so executed by one in which the rotary

FIG oo a Qb AsHsWHI mEAER BIgRspBl] 6y Meatasia B MRERRHERSS! nt or od
mgnets NG9 SRR PyFLIRS! MR LT SO S il 3,50
C While charging the static magnetic field of 12 kQOe, agitation was executed by
the below-descried agitating means for a predetermined period of time.
Thereafter, the agitating means 5 was retracted, and the rubber mold was
capped with a lid, and was transported to an isostatic molding apparatus (not
illustrated) for further molding at isostatic pressure of 1 t/cm?2.
[0058]
(Agitating Means) (i) As the agitating means, there was used one as
shown in FIG. 1 having mounted thereon a screw type of rotary vane 54.
The rotary shaft 53a of the motor 53 and the rotary vane 54 were made of
18-8 stainless steel. After moving the agitating apparatus 5 to a
;,.,,. predetermined position, it rotated at the number of rotation of 4000 rpm for 2
seconds. (i) A rectangular scoop of 18-8 stainless steel make was mounted
on a hydraulically driven reciprocating actuator (not illustrated) and was
reciprocated for 2 seconds at a reciprocating speed of 10 times per second and
40 mm stroke. As a comparative example, agitation was also executed by
one in which the rotary vane 54 and scoop were made of a magnetic material
of carbon steel.
[0059]
FIG. 9 is a table showing magnetic properties and orientation when

sintered magnets were obtained by changing the casting conditions, molding
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magneti c properties are average values as a result of evaluation by a BH
tracer. The orientation is a val ue obtained by dividing the remanent fl ux
density by saturation flux density at 10T. According to this, it can be
seen: that a high orientation can be obtained if, prior to the nolding
step, orientation is executed while agitating in the magnetic field; and
that, at that tine, the orientation can be increased when a non-nagnetic
material is used. |In this case, if alloy raw neal powder manufactured by
t he quenching process is used, it can be seen; that a high orientation of
above 98%3&meonditionaeand jagitasingceanditions of therallny asr megl @omgterandhe hat

there was obtained a sintered magnet er manent net.) havi hi

magnet i c JPREHEIG pé%pq%emr@ha‘éer atbd @ﬁeﬁlgrysbltg%e‘(amagwabﬁ\?@ B veoe,
koo, (Bxatiies i (iiliptiop) o0 VINE chifathoithy IS (RROCEEniOAE TO8 04
was ”ﬁnUfcféﬁtsHSrgcﬂro\;\QitL&ﬁ%ﬁiiﬂﬁQdQﬁéiEy"a%ﬂ@T. b%&éﬁﬂggttﬁghﬁgrﬁfcﬁﬁ%e%be’ﬁ?' di ng

machi ne 1 as In FIG 1, orienting step an nol di ng step were

execut ed that dehighagiieheatioR’ @detiay Hhbgichedvkflepribpdy. tRbemeddihgr step,
sintering step was executed to sinter this nolded body in vacuum at nosphere
at a t enpeieatatien i9bxdBR6d @Hibr agitong sn theenainetobiiddhand thatihtRhaB
sintered magnet. [0061] As the materjal for Nd-Fe-B permanent magnet, there
was used timentheconientafippsean: berpeareaseshwhen a non-magnetic material is used.

25Nd- 3Pr - 1Dy- 0. 95B: -0. 2A1-0.05Cu- O OlGa-0. O5Nb-hal . Fe was used. After
vacuum f J& 1 C%S&siﬁlarig)yvﬁé” FFH%?APSW Chapany mrggl\{gyugﬁeguqr&g\fﬁr}g BTPHEF eby
T 448 Sl fd 9 350048 bl S B b Y Ry o
(00 an, seARSRUBI ¢ g o nd U O D priam
magnet (permanent magnet) having high magnetic properties in which a
maximum energy .product was above 54 MGOe, the remanent flux density
was above 14.9 kG, and the coercive force was 14 KOe.
(Example 2)
[0060]

In the example 2 a Nd-Fe-B alloy raw meal powder was manufactured
as described below and, by using the compression molding machine 1 as
shown in FIG. 1, orienting step and the molding step were executed to
manufacture a predetermined molded body. Thereafter, a sintering step was
executed to sinter this molded body in vacuum atmosphere at a temperature
of 1020 °C for 6 hours, thereby obtaining a Nd-Fe-B sintered magnet.

[0061]

As the material for Nd-Fe-B permanent magnet, there was used a
material whose composition is 25Nd-3Pr-1Dy-0.95B-1Co-0.2A1-0.05Cu-
0.01Ga-0.05Mo-bal.Fe was used. After vacuum fusion, casting was made on
water-cooled cupper roll to thereby manufacture into a foil band (strip) of 0.1
mm ~ 0.5 mm. This manufactured alloy raw material was once subjected to
coarse grinding in hydrogen grinding step and subsequently subjected to fine

grinding by a jet mill fine grinding step, thereby obtaining an alloy raw meal
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[ 00621 Further, the conpression nolding machine 1 was constituted to be
able to generate a maxi num of 16 kOe of static nmagnetic field in the cavity
22 having a square opening portion of 7 cm In an inert gas atnosphere, the
cavity 22 was filled wth an alloy raw neal powder P. Thereafter, in the
static magnetic field of 16 kCe agitation was nade by the agitating
apparatus 5 (orienting step). In agitating the alloy raw neal powder P,
there was used one, simlar to that in Exanple 1, in which screw type of
vane of 18-8 C stainless steel make was nounted (see FIG 1). Agitation was
execut ed Pgwderhe nunber of rotation of 20000 rpmfor 2 seconds. Thereafter,
conpressii | di ng was executed by the pair of upper and | ower punches
whi l e cha Qpﬁgf magnetic field (nolding step). The nolding pressure in this

Caver se mgndifiafer RREASh-IIEE @G ubibihe 1AL SORURRRLA I BB AET, 4" e
the nol dgg %%l}j?te"‘@%nhgﬁﬁﬁmolﬂ 1@fk(t)@%f%%ﬂé% ﬁnﬁ%@c fielP#h %hbvc%vgyﬁﬂl e,

there wa actured one ich was no out agitation the all oy
raw meal hawene er squbarehepdiag giortiohi ofl T cHRs IMohn GxefUESRS atitdsp e, shet er ed.
[00631 FIG 10 is a table showi ng an average val ue of nagnetic properties,
and rej eavitgn22 atas fillednwithc ah callayf rawamen] postdelreB, Themaftes, imthet he |i ke
of 100 sintered magnets at each of the nolding pressures while varying the

nol di ng statde magnesic fidld of Lk Qg agibaiion seasomads by the. agAtasRgIRRPATAGUE hi S
oot at Fofent R SR kB SR S0k SBof Rl SEvisr 1P S,
et ent at 8% v RNIag: 0 Bkt n B8l £ in SR oo, bt PRV G BB,
oot P AL BAUER g Ao (LB SN LRI CRaan bl 07
crystal fthaGiuhBér bR¥tALioRBAU00DE Wi?xaiz seediRly atleRahftéelcatipesdibR, the

strength of the nol ded body itself wl
molding was executed by the pair of upper and lower punches while charging
magnetic field (molding step). The molding pressure in this case was set to a
predetermined value. After the compression molding, a reverse magnetic
field of 3 kOe was charged for de-magnetization, and then the molded body
was taken out of the cavity,. As a comparative example, there was
manufactured one which was molded without agitation of the alloy raw meal
powder in the magnetic field was not executed and then sintered.
[0063]

% FIG. 10 is a table showing an average value of magnetic properties, and
rejection rate in inspection of cracks, notches, fissures, and the like of 100
sintered magnets at each of the molding pressures while varying the molding
pressure at the time of compression molding. According to this table, it can
be seen that: the crystal fractures having an equal crystal orientational
relationship are bonded together as a result of rotary agitation in the
magnetic field so as to array in the magnetic field orientation without
clearance among the crystal fractures; and that by executing the molding step
in this state, sintered magnets having high magnetic properties were

obtained. In addition, by strongly bonding the crystal fractures having equal
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al so beconme stronger, resulting in lower rate of occurrence of unacceptable
products. It can also be seen that, even in case the rotary agitation was
executed, the orientation was disturbed when the nolding pressure was bel ow
2.0 t/cn2. [0064] One hundred forned bodies Mwere nmanufactured under the
same conditions as the above Exanple 2, and these forned bodies Mwere
wrapped in rubber bags, and were put |nto the isostatic nolding apparatus
to gr thereby nold themat a nolding pressure of 1 t/cnR. Thereafter
sintering was executed in_the sanme conditions _as those in t

above- deseystob grensaporal elatipnshipsthe strength pﬁ§b@¢wldﬁd\ké)§mﬁwéf oillpoor

quality like,the cracks, ssures, d the like ult, the
Tate of GURGDPEEE Grofsss: FRRELY IRTora ThowehrEenssd ubReRkde | ¢

PLoper | Splyhe UG pSBOE BB HRERESHIE B e 2
manuf act Lb!x%@uterc‘l tine 6ﬁ€ﬁ¥" I A G S HibturbSE \Eﬁéﬂpﬂ}ﬁz %nol@ﬁlgﬁirags&rﬁewas

conpression nolding nac e as shown In 1, agitation was executed in

t he sane}fe(p@dlmwaﬁlzas in the Exanple 2 whlle agitating in the magnetic
field by the agitating apparatus 5 to thereby orient in the magnetic field.
Ther eaf t erl0064kpr essi on nol di ng was executed and sintered in the same
conditions as those in_ Exanple 2 to_thereby obtain a sintered magnet. In

this case, tHengphandegd frraeedihodiess Mevere mamuﬁa,cmdana dendhgj spmef
e s bk Bt H%P OB ST,
ovet 200 ) u0L VRBS TIFOSHUR BB S EORB61C AR St 0.1
éenSI t%h@i‘eﬁ?‘ﬁidﬁ&@l@}d Gt fd ﬁic@dlrécﬁfgsghﬁg of @ {/&h®; Thereafter, sintering
was executed in the same conditions as those in the above-described Example
2. After sintering, inspection was made of poor quality like the cracks,
notches, fissures, and the like. As a result, the rate of occurrence of poor
quality was 0 %. In this case, the magnetic properties of the sintered
magnets were the same as those in the Example 2.
(Example 3)
[0065]
In the Example 3, alloy raw meal powder was manufactured in the
same method as in the Example 2. By using the compression molding
;,, machine as shown in FIG. 1, agitation was executed in the same conditions as
in the Example 2 while agitating in the magnetic field by the agitating
apparatus 5 to thereby orient in the magnetic field. Thereafter, compression
molding was executed and sintered in the same conditions as those in
Example 2 to thereby obtain a sintered magnet. In this case, the molding
pressure was set to 0.3 t/cm?2 and the kind of magnetic field and the intensity
of the magnetic field in the orienting step and the molding step were varied.
[0066]
FIG. 11 is a table showing average values of the magnetic properties

when respectively 100 sintered magnets were obtained by varying the kind of
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it can be seen that, in magnetic pulse field, the orientati on exceeded 95%
at the peak magnetic field of above 10 kCe. On the other hand, in static
magnetic field, it can be seen that the orientation exceeded 95% at the
magnetic field of above 5 kCe. (Exanple 4) [00671 1In the Exanple 4,

Nd- Fe-B al |l oy raw nmeal powder was manufactured as described hereinbel ow.
After mxing lubricant in a predetermned mxing Cratio, by using the
conpression nolding machine 1 as shown in FIG 1 to execute the orienting
step and he nol diing step.to manufacture a prede erm ned npl ded body. Then,
sinterind §t@agw1°s8ﬂkdean@ fRe patepsyyidhe magnetie 9lded Aq@%@a tiospher e

Eégﬁete”” 588 P sen, Ftt, i, Tisticap LG ol DR SR Pl Redbab ™ Bl e of
el 3pr TECBRAE B IRR field of ghove 40JQe: o Quthepgther hand, in static

vacuum f Liﬁh@ﬂetl&efﬁatlﬂngt \tan H@%eﬁ%l?at‘"’@ﬁ@%r?&ﬁbﬁ@n &%@ﬁédr%% at tBeeby
manufacturing a foil band (strip) of 0.1 M- 0.5 mm hi s manuf act ur ed

al | oy matmagnétivisldostebovallj kObed to coarse gri nd| ng by hydr ogen gri ndi ng
step, and was subsequently subjected to jet mll fine grinding to thereby
obtain a Fananm,le w neal powder P. Then, as the lubricant, solid |ubricant,
I|qU|dIur|caﬂ1t or solid lubricant andliquid | ubri cant was added in a
predeterm xing ratio and then m xed. As the solid |ubricant, zinc

the ot her _hand: Uikhnlt & NG R BPRIGHTA EnGy P GE - e BasrBafiriih e raity
acid est ofo-0fp08 HARNEIGY. 2ARPSHEGhEUMSBLETY A5HBacRYFhy Thifle™ 2

surface actirve agen Xing ra
ratio, by using the compression molding machine 1 as shown in FIG. 1 to

execute the orienting step and the molding step to manufacture a
predetermined molded body. Then, sintering step to sinter the molded body
was executed in vacuum atmosphere at a temperature of 1020 C for 6 hours,
thereby obtaining Nd-Fe-B sintered magnet.
[0068]

As the raw material for Nd-Fe-B permanent magnet, a material having
a composition of 25Nd-3Pr-1Dy-0.95B-1C0-0.2A1-0.05Cu-0.01Ga-0.05Mo-bal.
Fe was used. After vacuum fusion, casting was made on a water-cooled
cupper roll, thereby manufacturing a foil band (strip) of 0.1 mm ~ 0.5 mm.
This manufactured alloy material was once subjected to coarse grinding by
hydrogen grinding step, and was subsequently subjected to jet mill fine
grinding to thereby obtain an alloy raw meal powder P. Then, as the
lubricant, solid lubricant, liquid lubricant or solid lubricant and liqud
lubricant was added in a predetermined mixing ratio and then mixed. As
the solid lubricant, zinc stearate of 99% purity with average particle diameter
of 10 uym was used. On the other hand, as the liquid lubricant, there was
used one in which fatty acid ester of 99.9% purity and petroleum solvent were
evenly mixed and a surface active agent was mixed in a mixing ratio of 1

wit%.
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The conpression nol ding machine 1 was constituted to enable to generate
static magnetic field of maximum 16 kQe in the cavity 22 having a square
opening portion of 7 cm In an inert gas atnosphere the cavity 22 was
filled wwth alloy raw neal powder P. Thereafter, it was agitated by the
agitating apparatus 5 in a static magnetic field of 16 kCe (orienting step).
In agitating, there was used one which has nounted thereon a screw type of
rotary vane of 18-8 stainless steel make (see FIG 1) and agitated by
rotation at a nunber of rotation of 60000 rpmfor 3 seconds. Thereafter,
nmol di ng m?ﬁ é%fxecuted by a pair of upper and | ower punches whil e charging
magneti c @ (nolding step). In this case, the nolding pressure was set

to 0.5 t/cnR.v Then. aft.er coppression.nol din rever.s netig;field of 3
e e charthe EmErughe FRIBE S AHE, T B FRFS Y Rl tfed boay
was tak . 14f . hS ; . Walel rage

val ues o?g% ﬁgg%tgﬁtghgcr?%%@‘%t?%geigg@m%?‘ flgh&itlié%ogtlﬁtthg%i@ﬁz o) gglt |§i ng 100
si nt er ed sgaRebpeding PorticiPOF g €ascihkadimdrt Har0afhesHere thei dagityag®i ng t he
kind of lubricants and the mxing ratio thereof. The orientation is a val ue
obt ai ned vys fliled dvitly dllvy ravaimelgfowtder P.erfBhartftengnetrac agitateddbyntheéy by the
saturation magnetic flux density at 10T. According to this, it can be seen
that, in agitséingappaiatas 5inky stesicimagnefsefieldsoft ekQalerientinggtenjenin t he

orientation is inproved by ddi ng. a ratio of  0.02 wt% and that ,the

i v nfE’@E'R: Wah iR h y1e Wb“‘fi’a Agtpen gﬁ“ﬁ%@ B AaravhdvPe
gglng}tjlmc fi:tfgy:ﬁ::]siit t_ r .ilngr cg/ef. %’E ;nﬂg}se%)be seen.. @hat ti n cgggtthe
Sori d 1 uBPHEn AR Rfeie el make G4 FJ0oD BRd At d Va0 oR 2 009
was obt a'd%%d%ﬁﬁ%rtoﬁg&ta%ionp&féﬁ?m%nﬁf?&“§ eéﬁnﬂlgﬁr.g?%ﬁ%ﬂsw&ges vas

rcht maxi mum energy product was above

obtai ned In
o s o P ool e bagon ssclamayies
was addednaildingr atepd. oin Gh2s whse, the molding pressure was set to 0.5 t/cm2.
Then, after compression molding, reverse magnetic field of 3 kOe was
charged to demagnetize and, after demagnetization, the molded body was
taken out of the cavity.

[0070]

FIG. 12 1s a table showing average values of magnetic properties and
orientation at the time of obtaining 100 sintered magnets at the
above-described molding pressure while varying the kind of lubricants and
the mixing ratio thereof. The orientation is a value obtained by dividing the
value of the remanent magnetic flux density by the saturation magnetic flux
density at 10T. According to this, it can be seen that, in case the solid
Iubricant is used as the lubricating agent, the orientation is improved by
adding at a ratio of 0.02 wt%, and that the maximum energy product showing
the magnetic properties and the remanent magnetic flux density are
improved. It can also be seen: that, in case the solid lubricant was added at
a rate of 0.1 wt%, orientation as high as 99% was obtained; and that a
permanent magnet of high magnetic properties was obtained in which the

maximum energy product was above 55 MGOQOe, the remanent magnetic flux

density was 14.9 kG, and the coercive force was about 14.0 KOe. It is to be
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there was obtained a high orientation, but the coercive force | owered under
the influence of residual carbon (ash content of lubricant). [0071]

Further, in case a liquid lubricant was used as the lubricating agent, when
addition was nmade at the ratio of 0.05 w% it can be seen that the
orientation inproved and the maxi num energy product and the residual
magnetic flux showi ng the magnetic properties inproved. It can al so be

seen: that, in case the liquid lubricant was added at a rate of 3 W% C
orientation of as high as 99% was obtai ned; and that a pernmanent nagnet of

hi gh magmeted, oveerer: that when sbsalit bubrieanthivas added mdyd ratie @A Wt%sr oduct
was above.  56. 3 , .the rempnent magnetic {1l ux density s 15,0 kG and
the coor APOE MASCDURCtHB JUER BFICRIRBR, bt € 1CoCHav dpieq, 1oRSHeRd sindert nag
when a liqui.dal ubri cant. added, at a ratiqg..0f 5 % there was obtained a
hi gh ori éﬂ?é{lﬂ}}ﬁfmeo re?’rﬁé\'%i(%? qwg?sﬁoqpc%e%tl ‘%ngE’Wa%@mer ed. Therefore, it
can be squo‘q}prt, if addition was nade over 5 wt% the coercive force

| ower ed unde he influence of residual carbon. [0072] Further, even in

case the sol iRuithbr i mocdseaadiduia Tubgichdt vl usad tasieelubiS@EimSs aghiet,
| ubricant by respectively mxing themat a predeterm ned ratio, higher

or i ent at ivwhemasd dotidraiweed neakd at phe mamenef 0Pnet%ofit kaghbersgewtthat theoperti es
was obtained. [Brief Description of the Drawings] [0073] FIG 1 is a
schemat i @rismation mnpasivei ngndpber maxamivon eneregyt Proguch endmthé ngsisfual

manuf acturing ac is invention in a standby pqsition; |G 2 is

%or dipg to tg (r:)I
a schematPagRetac, ux §aewng etlﬁégﬁﬁfé? Aopartis 1REreNsidd; écaé‘pﬂkﬁoa fis as
shown in FIG

chown 11 E18 s hSoatel e RN TbAGaM) St AR S A0 RS o
C orientation of as high as 99% was obtained; and that a permanent magnet of
high magnetic properties was obtained in which the maximum energy
product was above 56.3 MGOe, the remanent magnetic flux density was 15.0
kG, and the coercive force was about 14.0 KOe. It is to be noted, however,
that when a liquid lubricant was added at a ratio of 5 wt%, there was
obtained a high orientation, but the coercive force slightly lowered.
Therefore, it can be seen that, if addition was made over 5 wt%, the coercive
force lowered under the influence of residual carbon.
[0072]
Further, even in case the solid lubricant and the liquid lubricant were
W used as the lubricant by respectively mixing them at a predetermined ratio,
higher orientation was obtained and a permanent magnet of high magnetic
properties was obtained.
[ Brief Description of the Drawings]
[0073]
FIG. 1 is a schematic view of a molding apparatus for executing the
method of manufacturing according to this invention in a standby position;
FIG. 2 is a schematic view illustrating the operation of the molding
apparatus as shown in FIG. 1;

FIG. 3 is a schematic view illustrating the operation (orienting step) of
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FIG 4(a) is a schematic viewillustrating the magnetic field orientation
according to the conventional art, and FIG 4(b) is a schematic view
irllustrating the agitating nagnetic field orientation of this invention;

FIG 5 is a schematic view illustrating the operation (nolding step) of the
mol di ng apparatus as shown in FIG 1, FIG 6 is a graph illustrating the
magnetic pulse field; FIG 7 is a graph illustrating a nodified exanpl e of

the magnetic pulse field; FIG 8(a) through FIG 8(c) are perspective views
showi ng ot her ~enbodi nents of rotary vanes to be used in an agitating
appar at ushe mading apparatusios sbawn wgF Haghet i ¢ properties and orientation of

per manent ma S nufacjured in Exanple 1; EIG 10 is abl e ;showi ng
magnetic pr o%@ﬁ-i ‘gg? l%?iséh?%@n‘fm‘élrﬂuﬁbiaén’(ﬁ Eh%ﬁ’@@?‘?t‘ﬁcf@léprmﬁ 8Bt abl e
per manent S f [ i I v F 11 s | e show ng
magneti c aﬁ”@?@ﬁé’i E"sm@% %é%n%ﬁ@d%%%ﬁggg& ﬁﬁuf%@ ured isﬁﬁggl%l é’%‘? and
FIG 12 i bl 1 $s i 3 jgn of  permanent
magnet s nanoyArE g Hen e BRRRLLE lE R A O PRI er al ]

[0074] 1 conpFE$sh a8 ansdhdnietidreidww iBugtratiagXhepgiahtiohi MolAmge sted? ofavi ty

31, 32 punches 4 magnetic field generating apparatus 5 agitating apparatus
54 r ot ar theaneldid®appardiod ypsRhaivinon FHv beal powder 32 WHAT |'S CLAIMED | S:
FIG. 6 is a graph illustrating the magnetic pulse field;
FIG. 7 is a graph illustrating a modified example of the magnetic pulse
field;
C FIG. 8(a) through FIG. 8(c) are perspective views showing other
embodiments of rotary vanes to be used in an agitating apparatus;
FIG. 9 is a table showing magnetic properties and orientation of
permanent magnets manufactured in Example 1;
FIG. 10 is a table showing magnetic properties, orientation, and rate of
occurrence of unacceptable permanent magnets manufactured in Example 2;
FIG. 11 is a table showing magnetic properties of permanent magnets
manufactured in Example 3; and
FIG. 12 is a table showing magnetic properties and orientation of
permanent magnets manufactured in Example 4.

[Description of Reference Numerals]

[0074)
1 compression molding machine
2 die 21 penetrating hole
22 cavity 31,32 punches

4 magnetic field generating apparatus
5 agitating apparatus
54 rotary vane

56 Iid body

P alloy raw meal powder
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1. A nethod of manufacturing an oriented body conprising: filling a filling
chanber with powder that is polarized in magnetic field or electric field;
and orienting, while agitating, the powder in magnetic field or electric

field. 2. A nmethod of manufacturing a nol ded body conprising: a first step

of filling a filling chanber with powder that is polarized in magnetic
field or electric field and orienting in the magnetic field or electric
field, while agitating, the powder in the filling chanber; and a second step

of conpressi on_nol diﬁ& the powder oriented in the first step in the

magnet i c WHARISCIABMED EStield. 3. A method of nmanufacturing a sintered
body conprisipg:,a first .ste f filling a filli chanber with powder that
is polarized f‘n A%ﬁ@ﬁi(’é“ﬁ"ﬁr cijjng @Bgﬁr}e&t?ﬁlibpggﬁﬂﬁ‘%}‘sil%‘ti ng, while
agitating, t / ] i) 4 i - . S . ression
ol ding, i rObRE B chbgfbel ithiibo ARG o BoBRTAN U hERRBLICTRIN TR
first steReléfficFidldisgdstep, in addition to or in place of the second step,
of sintering the oriented body or conpression-nol ded body. 4. A nethod of

nmanuf act uri ngn@en;tem%amﬂé apRgtiok, apewaengi nﬁgn@tibﬁﬂ@ﬂd pgekicepc Gbld.illing a
filling chanmber with alloy raw neal powder and orienting, while agitating,
the alloy raw neal powder in the filling chanber in nagnetic field; and a

nol di ng step of conpression nolding the allqy raw neal powder oriented in

the orienti nge-stdprethod of mapufacmeg agneldedihodywgmumnsingi el d. 33 5. The

TELNS, of TEnUEE Yali B TR AN, SEECRSAR 1 B e ther e

det i ], %i gl lad il L ; . t hod
oredet ot st KL RISl BA WhEohahBnk IE (h bAPAe A JURE G checlpe et o
€l di ng HaR, While%eatkRL, e PowdbRth Bhe BIISSS UhdAbBE and

a second step of compression molding the powder oriented in the first

step in the magnetic field or electric field.

3. A method of manufacturing a sintered body comprising:

a first step of filling a filling chamber with powder that is polarized in
magnetic field or electric field and orienting, while agitating, the powder in
the filling chamber;

a second step of compression molding, in magnetic field or electric field,
the powder oriented in the first step; and
- a third step, in addition to or in place of the second step, of sintering the

oriented body or compression-molded body.

4. A method of manufacturing a permanent magnet comprising:

an orienting step of filling a filling chamber with alloy raw meal powder
and orienting, while agitating, the alloy raw meal powder in the filling
chamber in magnetic field; and

a molding step of compression molding the alloy raw meal powder

oriented in the orienting step to a predetermined shape in magnetic field.
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type of conpression nolding nmachine, and wherein a conpressi on nol di ng
pressure is set to arange of 0.1 t/cnR -' 1 t/cnR. 7. The nethod of

manuf acturi ng a permanent nmagnet according to claim®6, further conprising a
second nol ding step in which the nol ded body obtained in the first nolding
step is nolded in isostatic nolding. 8 The nethod of manufacturing a

per manent magnet according to claim4 or 5 wherein the nolding step is
executed by an isostatic nolding nachine, and wherein a conpressi on nol di ng
pressure is set to arange of 0.3 t/cnm - 3.0 t/cnR. 9. The net hod of

manuf act uri np-a ‘blae ahgnenuiactwiBg iy Pesmangnt gnageet @cedrdsngd tohr ough

8, furthgﬁ conpri.sin ace of the

f
. interi tep, in.additi in pl
ol di ng SR JoPheraRtcthe il dr el g iane R tbexton HimsRdtboay.
10. The ngt f ing..a: t, according t | ai m 5,
wner i n anehpiegtoRRRELTbHbk iuf ERUPRIER WERIRe ARRRbACTci n che” m xi ng

ratio is set to a range of 0.02 wt%- 0.1 wt% 11. The nethod of

manuf acturi ng a permanent nagnet according to claim5b, wherein a |liquid
lubricant is gisefh@smétivd ubmamifact@iflg W geehianeht magnsi xeegrding ito i s set
to a range of 0.05 % - 5 wt% 12. The nethod of manufacturing a permanent
magnet aocdainidngy 5,owhetedan ths meldeng stepaisnixetutesl by aanmagthd tperessurezingi xi ng
ratio of a solid Ilubricant_and a liquid lubricant is used as the |ubricant.
13. The r¥phcd wmprgseipacmelding maghineasad whegeiat a posprgssignt MolHPE one of
clainms 4 through 12, wherein | | raw peal powder is for a rare earth
magnet mEHGFREES Sat Bﬂ/aéaaﬁ%ﬂtaﬁn@mﬁ?%ée@%mgg 14. The nethod of

manuf acturi ng a permanent nagnet according to any one of clainms 4 through
13, wherein the agitation of the alloy raw neal powder is executed with an

@t ating nmeaps TRA6MEIhGY BPMnARGACHSng a permanent magnet according to

claim 6, further comprising a second molding step in which the molded body

obtained in the first molding step is molded in isostatic molding.

8. The method of manufacturing a permanent magnet according to
claim 4 or 5, wherein the molding step is executed by an isostatic molding
machine, and wherein a compression molding pressure is set to a range of 0.3

t/cm?2 ~ 3.0 t/cm?.

9. The method of manufacturing a permanent magnet according to any
w one of claims 4 through &, further comprising a sintering step, in addition to
or in place of the molding step, of sintering the oriented body or

compression-molded body.

10. The method of manufacturing a permanent magnet according to
claim 5, wherein a solid lubricant is used as the lubricant, and wherein the

mixing ratio is set to a range of 0.02 wt% ~ 0.1 wt%.

11. The method of manufacturing a permanent magnet according to

claim 5, wherein a liquid lubricant is used as the lubricant, and wherein the
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material. 15. The nethod of manufacturing a pernmanent magnet according to
any one of clains 4 through 14, wherein at |east one of the orienting step

and the nolding step is executed in static magnetic field,

and wherein the

irntensity of the magnetic field is set to a range of 5 - 30 kCe. 16. The

met hod of manufacturing a pernmanent magnet according to any

one of clains 4

through 14, wherein at |east one of the orienting step and the nolding step
is executed in nmagnetic pulse field, and wherein the intensity of the

magneti c

field is set to a range of 5 - 50 kQCe. 35
mixing ratio is set to a range of 0.05 wt% ~ 5 wt%.

12. The method of manufacturing a permanent magnet according to
claim 5, wherein a mixture in a predetermined mixing ratio of a solid

lubricant and a liquid lubricant is used as the lubricant.

13. The method of manufacturing a permanent magnet according to any
one of claims 4 through 12, wherein the alloy raw meal powder is for a rare

earth magnet manufactured by a quenching process.

14. The method of manufacturing a permanent magnet according to any
one of claims 4 through 13, wherein the agitation of the alloy raw meal
powder is executed with an agitating means made of a non-magnetic

material.

15. The method of manufacturing a permanent magnet according to any
one of claims 4 through 14, wherein at least one of the orienting step and the
molding step is executed in static magnetic field, and wherein the intensity of

the magnetic field is set to a range of 5 ~ 30 kQe.

16. The method of manufacturing a permanent magnet according to any
one of claims 4 through 14, wherein at least one of the orienting step and the
molding step is executed in magnetic pulse field, and wherein the intensity of

the magnetic field is set to a range of 5 ~ 50 kOe.
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