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

S| NTERED BODY AS WELL AS METHOD OF MANUFACTURI NG PERVANENT MAGNET [Field
of the Invention] [0001] The pr&®&#it i nverieswon rel ates to a nethod 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,
particularly Nd-Fe-B sintered n%&pets %if-called neodym um nmagnet) are nade
of a conbination of iron with eSEHMECHTIQN and B that are | owpriced 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

properties (maxi nmm@’lgbﬂomcméTm %ﬁﬁmp@Yof ferritic

“magnets). Therefore, ey are used’in various [ egctroni c products
and are recently pMOITHEDUBSODY, ANDISINTERED BOBYHROWEL PrAdybrid cars.
[0003] As an exanpl e of manufacturing Nd-Fe-B sintered magnets, there is
known a powder METEHOI OF MANUFACTURING PERMANBNT MAGNET 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.,
hydr ogen ushi step, and is subsequently finel round by, e.g., jet mll
fiyne gri njhﬁjgﬁgbe&{l%@%%& obt ai ni ng an al>ll oy ra\>//v %'eal povéer. '?’henj, the 1
obt ai ned héﬁl raw nmeal powder is subjected to orientation in the nagnetic
field (mag l: field orientation), and is conpression-nolded while being

The present invention relates to a method of manufacturing an oriented

(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. (00041 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_ |l ower, directions fo thereby forma product out of the alloy raw
meal powdbtainederlloyhsawpmenl rowdep s sitbjastedhte orientatien ippiheomagpgpicessi on

nmol di ng ns of .t air qf . punches, high orientation cannagt .be
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above, the?e i's kngvvn ar?ot ﬁer corrprresgiron ?ml di ng cmet hod i n whi cﬁ, Srafter
havi ng fithhadfaztesva tinterddmalghey, raw neal powder, at |east one of punches

of an upper 8unch and a lower punch is vibrated in the direction of
pressuri zil@§0dbr essing direction) at the tinme of magnetic field

mannor i 0. Aby SHEPBHr) FEBRBLSSOT TR e FASTORs AElh GORadP (8
i brated by t h the.l. h, the.fricti th
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| mpr oveneRkityfokmed iﬁlanja@:mtkaﬁm%q{olé heaalib ovnd apresliriReddsFess&)NGeat he raw

nmeal powder can 2 thus be noved so as to be arrayed in the direction of
magnet i ¢ fdield uppdreahdt loower ptmchos fohatthenupper hadi lpwavditettiens fgat ent
docurent t%l)ei'eby 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 ficld 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.,
glains) [Disclosure of the Invention] [Problens to be Solved 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 nagnetic 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 g[esult, in case the crystal fractur of the
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formed therein crys remaln, iAQ the d, anong
the particl glsik) the all oy raw nmeal powder and, therefore, the easy axis of
magneti zation of the alloy raw nmeal powder will not be in order. If

conpr essi dDisdbsiirepfithedneentien] in this state, there is a problemin that
the orientation will get out of order. [00071 In view of the above points,
this i nverdfireblemsstode S@ﬁVthbYdﬂleﬂm9anﬁ5; a method of manufacturing an
oriented R%ﬂ 5 nol ded body, and a sintered body that is capable of

manuf act urt é &n oriented 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
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

rel ati onshi anpn he partjcles of the powder in the filling chanmber w |l
be change{lw@%‘ﬁ%f%Qigpﬁttgewﬁob}?ﬁ the particles were initially filled into
t he fiIIirI@ ﬁgfnber. As a result, there will be nore chances in which,
anong t he 8 nations of crystal fractures in orienting in the magnetic

field or el echy pfidsi g ; ' tal
el d or el eofy i 8l chiyd WEe BY98 HroblohlE tHE ol DOl ARLRlg §YS1 2

orientational relationship get bon . ce the crystal fractur avi ng
equal cr yoriedte@ oyt addoddidlg tce LR NSdonipasess filbneadfillineeRamibet wighf or med
firmbonding chains and, as a result, the crystal fractures get conbi ned
and ar r aypeavdart thatt isc pekarmedein magwetimdield ior éleetrit field; eamdtaromtinygy
oriented body having a high orientation can thus be obtained. [0010] 1In
addi t i on,whHeé ggtatingothepoudenin magnetigfighd enslecttiefight-hod of nanufacturing
a nol ded ﬁgﬂﬁ fccordi ng to claim?2 conprises: a first step of filling a
filling c B with powder that is polarized in magnetic field or electric
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agitating, thé po g cha and a seco

conpr essiao%*atataa!iﬁi 1313 H‘%‘gﬂé@i&dﬁéld%f MR flellngt thé %{métcﬁ%ﬂiéht"iﬁ‘% tRegnetic
field or electric field. [0011] 4 According to this invention, Dy agitation

in the nagwaddrcin {8 chapmeticefidldior tHe eledirid field)ahdgsosttaondlerelationship
conpression-nolded in a state in which the crystal
among the particles 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 sclve 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.

[oo11]



fractures having the equal crystal orientational relationship get bonded
t.ogether. 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 accqrding to claim3
conprises: a APENgtahis Inventiqn, by Agitatiqrhp %weﬂcttfﬁﬁm tiat is
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ol g, SaBGF St o6 254 ot liforhl I RO OEL e e

step, of tapéfherl NThéffowy, | thek€ @aRoBY dbtaiifedPh emdldud BBlgahwingya hifR013]
According to this invention, due to agitation in the magnetic field or

el ectri c driesitdtionhe Fuptlbrd shomy tlebtcaystatl fractyres havirnge the campoh] strgptalas been
conpression-nolded in a state in which the fluctuations in the powder
density mwaientpiienal rdavenshiprgatdironly, bansed togeeherpthaze condie ohtained ar ed,

the fluctuajipn in th unt of shrinkage can be redyced. [0Q14

Fur t her nopEh ey pdedl BR, ol do% B0 RR GHRamare.  HbersiraBE o the

manuf act yf.j & i ' o | ,
orientingﬁéggg %@ﬁ#gﬁﬁﬁﬁésa |%#Fﬁéﬁgﬁgﬁgg¢é3#5#%3F%%§8Hgaﬁﬁéﬁﬁpggﬁﬁer and
orientinguaMiylcana® bakkéy. the alloy raw meal powder in the filling chamber
in magnetic field;, and a nolding step of conpression nolding the alloy raw 5
meal powddn0dg] ented in the orienting step to a predeternined 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
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



[ 00151 According to this invention, when the alloy raw neal powder is
qQriented 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 crystal fractures of the alloy raw neal powder having
nore equal crystal orientatio rel ationship will get bonded together.

Once t he Begspawder rorqnte snhaﬁia RFIGHIRE LPYsOap Bﬁd@mramn@ aPhaRg dni onshi p
are bonded, a fi bondi ng chain will be forned. The crystal fractures wll
be conbi AEgsH W‘?ﬁg{ﬁ‘ clearance in the direction of magnetic orientation in a
manner to[ !?a bar shape. By conpressing the alloy raw neal powder in
this state, there can be forned a high-density nol ded body (pernmanent
magnet) that A&cordiv@etol thesmikeitio) 3keeh the Qnd;;eaa@tm@m pibesERYordet@dmanent
magnet having high nagnetic properties can thus be obtained. [00161 In the
i nvent i onnatheandgnetit Giebd, ahm alloyt ¥eew ahdadypovaderne algitaded énsidaahe filhingf er abl y
be filled into the filling chanber after having m xed a lubricant to the

al | oy rawhssehemovkide charging dhet anagnadic fioldng Th@ﬂeﬁoreAcﬁtﬁ dJQS;jSlQnﬁl this
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by adding the ricant to the alloy raw neal powder, e fl owa Ity of

the all oyzrz@wl mhr@@wﬂ&hel 511¢3nﬁawvmbalﬁ@@derreha{dngoindree@@almsfmd
effects e chances 6 of conbining the crystal fractures of the alloy raw
meal powdemiertationgl nmistiomshipl wally getil bamdeshttagetheal rOnaei tes hinystale

advant ageously increased.
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 is improved. As a result of these combined effects, the chances



[0017] The nolding step may be is executed by a uniaxial pressurizing type
of conpressi on nol ding machi ne, and the conpression nolding pressure nay 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 above 1 t/cnR, a high nolding pressure will be applied
to the alloy raw neal powder inside_,the cavity. As_a result, the nolding
will be rigemippmg t %ﬁ%%@%ﬂﬂ%ﬁw&%m%%ﬂ%@wmwmwymn

be subjected,to _.cyacking. an 1t..10018 In this,case, thg nethod

o ef or bl 4o PR SisARRaY 1o bR B A BRI, RTPartE he ol ded body
obt ai ned i '00&?? first nolding step is nolded in isostatic nolding. Then,
the density of the nolded body wll further be increased. The occurrence of

cracks and sprhé mdl&irﬁgswe?&haym BBRELAIERY 8l YniakealrBdL6edzi 8lof On the
ot her hand, the nolding step may be executed by an isostatic nolding

machi ne, cantbrassionpnelging mavhlink, rndothessmmpresaipnhmokling pressurangay bef 0. 3
t/cn2 - 3.0 t/cnR. At a conpression nolding pressure below 0.3 t/cnR, the
nol ded ba@¥ toal rangetofHhl ¢/can’suflf t/endnt dhe anglding paessure i desg thangd.de ri se
to cracks and.fissyres. t ot her hand, .at a nol di ng essure above 3.0
t/cne, t st s miplied b&%}twg?(ﬂ?ﬁ afud wfhciend garagey, Nan examels,o
00§ oy 9R Pl AR E Pt 1 R AR B G
E?g%e‘rﬂ MBS H Q5 Y dedkb@dYOn R Bl Sth iR 4P ehe (REIHRE PrbsdBENRL) Of

above 1 t/cm?2, 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

isostatic molding. Then, the density of the molded body will further be

increased. The occurrence of cracks and splits (fissures) can advantageously

be reduced.

[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/cm? ~ 3.0 t/cm2. At a compression molding pressure below 0.3 t/cm?2,

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/cm2, the sealed parts of the apparatus will be damaged, which is not

practical.

[0020]

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



orientation and nmagnetic properties can advantageously 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 % when the oriented body or the nol ded body is sintered, the

coercive force f the pelr manent magnet will_ be | owered under the i nfluence
of the cdidem the o mrolding nstere t%rémterlpeoztl}e orentedot bRAY h@8d, in

o1 of or abl g '“%@ﬁﬁﬁ&geﬂ}@e%gﬁt%% 8 pdgnet pdo MaglB o highe %hﬁ'gl o,
0.05 wm %
consequerty e R Rehet plfrfles W/ PalEdrco B hfinde | e o

| mproved. [@()zlpe 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 nagiretassi the didid mkeicatt isdsed tasethendbovendescribed abrieaiigrtht hat
remai ns inside thereof. (0023 Further, as the lubricant, preferably a

m xture imbdngmretietshall peaferak mhegsatatpla)ngcaO%elmdwt%br |Ochﬁtt'%andﬁ\faal i qui d
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fract ur esvbém the orided dode,orathd inddded 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
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
nmade high. [0025] Preferably, the agitation of the alloy raw neal powder is
executed with an agitating neans nade of a non-magnetic material. According
to this arrangenment, at the tinme of agitating the alloy raw neal powder in
the magnetic field, the alloy raw nmeal powder. can _he prevented from getting
adher ed kY % SECBENG PTogesfe A8 ,allpﬁéﬁ@bpleafawﬁl@r wellthesomel ofyan angwaa)

powder fromgetting insufficiently agitated. %002 Pr ef er abl | east
one of tipearBﬁfee fl]?ﬁgg ti‘tee?)regn%te eX%?%li ﬁacfsqrg C?Q%ee%fﬁ g?’nxgilj;ttnfec
magneti c Jj b ' j f t] [ LS range
of 5 - SOJI“E%?.%%\?A}? ﬂeé]ﬁ:r}\l%} 2%%?%1/&%? P%%E%%Qﬁe@%agﬁ%g&e ?(ag?)et{?gdaproduct

of high aimhgit ahkof yaBalthefobo BRI bffedtf RP]hAL GheFARROIMARY b REDLf On the
ot her hand, at the intensity of magnetic field above 30 kCe, the nmagnetic

field gerendiinivg shparpdtat fatoresof the ladlogerawimed]l powdet havand moak.

[0027] On the other hand, preferably, at |east one of the orienting step and
t he nol diegnadtaysial esientatwanal rehationahip, phe sarigntation emal Q)ﬁeemﬁb@%@i ty of
the magnetic field is set to a range of 5 - 50 kCe. According to this

confi gur aoagahigh. (he tine of agitating and nolding of the alloy magnetic
powder, t 9 h]oy raw neal powder itself is subjected to vibrations, thereby
resultingin-anh inprovenent in the orientation. However, if the intensity of

e TRITELL  ShabE, 8 o i B, Aoty Skt el 1, 9
of the nagheigitatingntedrs ahaleob@ koBrmhprReti®ahgtdriall | Acdoghngr tat thig
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.
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 kQOe. 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
I.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 are closely bonded w thout clearance. [Best Mde
for Carrying out the Invention] [0029] Wth reference to FIGS. 1 through 5,
reference nuneral 1 denotes a ,coppressio | di ng chjne whi.ch is suitable
for  manufBBERTIAETIRETECS SABROt BE SREHER i Ere Bihtarhand. b &bt infmsity

parti cul are, - Fe- I.n t i usi.ye. of je € nol ded
body) . e E}gynp‘rggggue% ﬁgﬁiqﬁggg%ech%dneﬁqé’i thenid %r"ﬂlgx?ﬁsfd’t 93%“?%9 i ch the

di rect i onyafarRE@SBATds D0 1410cC i idhsepsdcpehl.i s vertical to the direction
of magnetic orientation, and ~has a base plate 12 which is supported by |eg

pi eces 11.[EAfeyef thelbasgion]l ate 12 there is disposed a die 2. The die 2 is
supported by a_plurality of supporting colums 13 which penetrate through
the base {I0828112. The "other end of each of the supporting colums 13 is
connect ed tog connectjng .plate 14, disposed bel ow the base plate 12. The
connecting plas deseribed herpinabevey this invantionhipsham gllecteinythatathegeicaber rod

Lo o s Yo SR b RO L SR P, AL ana
oun 1 SOIGEHRaBhY! o bl LagOHANENIR 0 U noRR IR
paft of t10s il Fractubdd@ifehe pordicFathving éQuﬁ’]e&?Efaﬂtdr{&tQﬁbﬁalzﬂeléﬁoﬁﬂﬁp
up- and-down direction. Into the penetrating hole 21 there can be inserted a
| ower pungoie dddselhbohdéd wiiouitebddrgned.sposed 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 is 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 is 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

10



substantially the central part of the upper surface of the base plate 12.
Wen the |lower hydraulic cylinder is actuated to lower 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 hase 16
whi ch | i @€nebating halergl imshe ypangd-dewnidirectipn, | Infe the pepgrating hele di e

0ol M AR ST RS T, SRS 1
base 10 BRI TR BhEeL o bgs: LutRE dethl Slkdprstion. 11

whi ch i's WhyfAdHeOloWe? HMRRALIIEWylidder i®fhacttteditd 1éweFahkhEieUDRMe BWekace of
the die base 16 there is connected a driving neans, e.g., a cylinder rod 18

of a hydrrpundhc3tys insteted hoto tHd penetabidy hadé 21 tontherebprdefingca icanity\When
this hydraulic cylinder is actuated, the die base 16 becones noveabl e up
and down Glling chambens22)inside theipenatrating hade 2dquelative hethppavitpdidch 32
becones novabl e i he vertical @li@r eﬁt [ Onﬁ@{ pressuri zi ng directji.on). so that
the upper® PANAkT 39edig BRPRIRUF @At iiHistraked’ Bk s erovHY ABFEUSHOBFiS( he

conpr eos"SAVRLP dtl sef Boref B b 3 B e S8R K Rl e ben Rl Ut D The
palr of he WPRARA BRGIEERy RATBBR A3 mARred'hd BB ARSHEEE YadRy ggher by @

nol ded body can be obtarne I ng step). In additron,” on a
periphery [oD3the die 2 there is provided a nagnetic field generating
apparatus 4 in order to orient in the magnetic field the an alloy 11 raw
meal powder FOnrmi dpp¢hparctaefi the &2.2 Tiwrenmghspasedfd dledbagent6 atliioly lieappar at us
4 is disposed in a symmetrical manner_so as to sandwich the die 2
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 is 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

i1



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 41la, 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 oriented. [0033] The alloy raw neal powder P is

manuf act Je8d el pewder Founsige ndienervity |22.ot hae magnetic field enenating ar e

bl ended i det 1 ned It ti d | I f, 0.,05 -
0.5 mm i SHpPralus E it RPN LI B> IR HeH Renhr 56 8sd0 BngWIch e ARy cast

met hod. t . t ' - 2

manuf act ﬁ%%%&ﬁaﬁgéesﬁwlﬁgg{a ﬁ%%%ﬁ%kﬁg?ﬁgdﬁ%rﬁg{iésgf%;mg%lﬁ %%[J)E&%t of Cu,
Zr, Dy, AligRrinGhdphétieep@dhieshifity tsughtddreafforPbal ffld sfd@Npubkd§ron,

manuf actured alloy is coarsely crushed by a known hydrogen ' crushing step
and i s sykzsamuelly) gndithel ykgr dBoth the goked 4dm) U1biecwoahd nheraibamti n
nitrogen gas atnosphere, thereby obtaining alloy raw neal powder of an
aver age peotlsidae 48bandytbyxharging each ohthe enilsed 24, f43hwitduelectricpowencess i s

used, the_alloy_raw neal powder P becones. angul ar partjicle shape, each
crystal fthgre Wikl bergenezatedygtapisJaagngtyeieldn 2 N@Q?E@&r%@@ép%n@%la#%

ticl f the all . | P b |1 ;. [0Q34], . Now,
Bfter i MPPnBremura PR BN own Blrgivh Tho AOTte IR Hhe i e 2
ith th P . ' b :
the al | oy SPaptradth. B, Pyttt il P boliily ROk LBE ARG PR iairte bove
di recti ongiditeihe pair of upper and | ower punches 31, 32 to thereby nold 12

under pressure the alloy raw neal powder P. At this tinme, it is necessary to
make an arf0@888knent 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
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

12



the magnetic properties. In this enbodinent, in order to inprove the
flowability of the alloy raw neal 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
t.his lubricant. [0035] As the lubricant, solid lubricants or liquid

| ubricants having a low viscosity are used so that they do not danage the
metal nold. As the solid lubricants, there can be listed |anellar conpounds

MbS2, WE2, . MbS phite, BN, CF d the ik ft. metal (zn, Pb, and
ghe ||ke)undﬁrg?rgSS'+F§t@&e IiQsY Yaw M)ép%% efﬁ WGZ%‘E?I légf?cg%?@(rypfee) o
h PTEE t |
o Ponat i dndRe BR XHREEeweR] g ST B5eaifl o BUH plieRYAith, 3kl sBhFNIbe
tall ik t ot
Tihe st edner magiekebpriikle Ihehin binbodimPiy L‘E?”gg%tithi'S‘P?"é‘iebt §036] o

t he ot herflgwdlsilit@soft lge | A1ty d'abvuhﬁéﬂalibbwdbhef’e aCdibHEant 3¢ eAddwd Ynah grease
material (vegetable oils such as castor oil, coconut oil, palmoil, and the

li ke; m meedéterilingd peining eatiogte the albydramenéakpyxwdand’ or’]ﬁmﬁparﬂldw
nol ecul ar materials (low grade aliphatic serijes, owgrade fatté acid am de

seri es, sexxfajﬁa@éthg@dlpyg@mn@ﬁww@m%gye thes pgr toubeapeatefvaitBr abl e to

use 1ligq cid, liquid fatty acid ester, and liquid fluorine
| ubr i canttlh I"Eaﬁﬁ‘én% ubricants are used with surfactant or by diluting with

sol vent . '[ gprbon residue content of the lubricants that remains after
sintering Towefs the coercive force of the magnet. Therefore, it is

preferabl e t oAYS®el RWHRINRC lébﬁﬂ ld’leﬁ'ic%li'fts gt ﬁﬁhi"d JubfichAE halfi® o ewr enoval
in the sintering step. [0037] In case a solid lubricant is added to the

al | oy rawlmitypﬂ\ed@sedPso tmtdt}teyodb ey daendpedhd hedaltinoldig Aatthe sofid0. 02 W %
- 0.1 wm% If the mxing

lubricants, there can be listed lamellar compounds (MoSz2, WSs2, 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

fluoroether series.

[0036]

On the other hand, as the liquid lubricant, there can be listed natural
grease material (vegetable oils 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
welght materials to facilitate the removal in the sintering step.

[0037]

13



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

| ess than O. w% the.  flowability he alloy raw nmeal powder P_w || not
be i nproved Fase%@n%% ripang Hér%‘ﬂ%it éiopfg’@sf" Py iHay (Rgal PH‘éf%SFi%nt ation
w |l not J.nproved, t he ot a i t Wi ng,ratd.eon exceeds 5
Wor 1t oo AR GONT Be mddl IS o0 R e 0loR VIR Y B S GRSBEARESS |

content ti3af, 5908 fhan! ('i‘.OQt ;ﬁ,%@tﬁ{vﬁ%mﬂlﬁﬁheﬂ@?ﬂr T\ ﬁéélit rPEARL 1S

obt ai ned. By the way, as ubricants, the so ubri cant and

the |'i quirbt/bebimheved aind, edieduenbls, theldrieagitich will nobBe Wripabyedpr@ad to
every corner of the alloy raw neal powder P and, due to high lubricating

ef f ect, aheiagher handgiftthe innximgratien ekterids ddl wtpQaRecoérivefoscedvortisnent ,
there was provided the m xi ng apparatus 5 that is npvable into, and out of,
the cavi tyndez. the tiafluence ref the | eagbencrasidye coppents thahaemaippnip dhgnber
with the al]oy,raw neal .powder P, prior to the  conpressign nmoldi ng (nol ding
Step)  w CAMeTEd JAEIG: WHBR e e Bamaghet i SotsReR o P eram 6% aw neal
powder Pitn.: -ay] rr ' ' ' ing, in
t he magne* . clﬁp ﬁg gX}llEnysagtgqea e t?lr? %’gﬂ‘“{ég’%‘%ﬁ&o Q‘H%agrﬁ ggmawégfl&%%ﬁgf t he
magnet i ¢ fandk hfaR 08 vi% P9 5oRPR! Alfthe nikiky 846ib 11§ Abds/ thaD @R & td, Thehe
magnetic field), thereby generating the static magnetic field (orienting
step). [ QxR@dbilitheofaghé aillayg rappanealupowdeasPawslippot thendgmpraved Sndyr ovi ded

on an 14 upper surface of the die 2 in parallel therewith. The upper
surf ace ofonseguenglyptbetd isga poasibility that phewirttedationiwdl hgtibaaimproesd.i nder 52
of a knovgn 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
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 nmounted 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
position 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 de _of a nqn-nagnet | erial such as 18-8

st ai nl esSRPEEfurtasp mﬁ"ﬁ& Erid Pelffﬁp%lr@ﬁa?‘tﬂtgsmﬁ?dum%f PUEarg 4 dhe 54 in a
non- magnetic _naternial -4at, the .ti Ltatli e all raw peal powder
" e nagigertiRe faf, 51le. biFyiloMRufth A%k B, iy BY (TN RRRka"rrom
getting : t Re ' | t adhes| CrS] [ i ci ent
agitati o?ag?{ I?ﬁghgl I 05 p?%\ll/lv}%g%g%o%er b t}ﬁg %gngiggﬁ%n?yd?f;?i urlglgﬂgé in the

magnet i ¢ conetréictibAG4 Glourdted envpPeindeg odadn PHat & projédted tortheviowai de
rails 55 elongated in a direction perpendicular to the vertical direction

Y. By sl isidegpft the swpportinggplapé die 5A adiamy vaee id de maunsed Jrotalrg
agitating apparatus 5 becones capable of noving back and forth relative to

t he ca\éi tagitagion rvntﬂhesmgweﬁ‘?» lfih@ hapeshaft &3a; trh@ftaﬁ)pilamﬁa@ aﬁrxi?/p%ﬁt;@@nbe |

i ai 5
forth r elth 4 JoreiBiEndl aiipt ket cRRsEBndretdy b Fa: | RES s anoa spd Zt”haf
S50 e o BB robdry P Lent Yo BEE A BRaLiRE bARE TP Sl vahB4HRRY PO

of the uppeswaithel QPBM(PRIPHIRES adb). IPhe Aotdry dHaF 532 PLR Ritady vane

non-magnetic materral 1s nmounted on the rotary shaft 53a of the notor 53.
Once t he By hrodeadd2fis neatmagaetié anafeeiadbyidhoner1 8-Besthnilagsy stteie B¢ to a
predeterm ned position inside the cavity 22, the |id plate 56 cones into
abut ment making lthe upppery sbaftab8aoénd hhedireta®y t vanchédely |msgemalgaetipper part
15 of the penetrating hole_21, The |lid plate 56 thus perforns the function
of preveRateraal; Ak the tage phagHaEne dRAdtoyPraw sneal pry iRy wuthe magretisut si de

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
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 is 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. [00411 According to this configuration,
when the alloy raw neal powder Pis oriented in the magnetic field, the
flowability of the alloy raw meal 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
whil e charging the alloy raw neal powder with the nagnetic field. As a
result of the above, the positional relationship inside the cavity 22 anong

the partigles of the aIIo raw peal n changed, framthe state
at whi ch O BRcRENekTALIRE hplg 2, o ek Rl éﬁﬁw piforins 166 dBRRAPR O
therewith, as o d effe chan Qf canbi nj LY Stal

fr act ur e&efSviug PP Y .5t alpl%?m?p BRED Rimhaiicod hehe Byufiy ¥

ori ent at itgaabL {6193t 43S phease. Once the crystal fractur es having the
sanme crystal gr?ent a@?ogla?ltheﬂ ationship get conbi ned, strong bonding chains
are formedqpoanl the crystal fractures get joined together wthout clearance
in the direction of magnetic orientation. By executing conpression nolding
in this statéccordmmgetoc timishmndiguaatien, whleingthedeliejf trawnolecd povoter Rigsee FI G
5) wthout disturbance in the orientatiaon. a result of increase in the

st r engt h astentpd inghe sepgnatic fielde t]ﬂ%ﬂéw@bllétdfc@frﬁhérﬁ!byaavﬂ m&léwﬁé@ﬂreispr oduct s
roper 1 dbared Y fiERece flfpl{%wé(@a@ae afify aAmogier gonsr PR B wi t b
the ~all gy ﬁra%w?‘aﬁ)l 823) I‘PPthaE, Ehleﬁdl (0ot vaﬂr?f\ﬂzt %nfis B?%}btﬁart h

bonded nmagne |gh nagn err ¢ pr operties can ai ned.

[00421  ThRMmbinty Bs ra%h%@@%ﬂ@ cﬁhgﬁngltﬁeh aﬂy%f}a% xﬁesﬂeﬁ&v&a&t Wath Whk! be

made of the manufacturing of - systen) sintered magnet.
First, fraghetiovield.ngApasidsudn of mhmm)he etie positionpal upkeionstip agsideof the

die 2 and 16 the | ower punch 31 are fl ush with each other and in which the
upper purtbh cayityi 82puwbng dihedpartides ofigberalnd rdwemedl @owder Phmnhpdr aul i c
eyl nder ¢ ?mged 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)

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

0 SRR bl A BRSSP AR R
10043 . aqi ' ' . .

L0045) et ARt ¢ BB RN, BB YmAP i HPR SRR o
upper a”%tﬁé)&é’ﬁrtopi-ﬁlgé‘%ﬁe:’&ie zg%ﬂ((aéﬁ)%c'rf%:grmﬁed B%@@ioﬁ be tﬁﬁﬁgi lc::f*v;’it?rig the lid

plate 56 are |owered through t Ic cylinder 52. T pl ate 56
thus conmelefined! thsdelt tiRNtpenettatinte hudpe2l surtiaee by iHte pdweled, féddenghy

bl ocki ng the upper surface of the penetrating hole 21. At the sane tine,

t he rot amppasatsséndts illustrated),i the rdloyl ray mmal npavdeni¢hap Has beeninto t he
cavity 22 (see FIG 3). In this state, the coils _42a, 42b of the magnetic
field gemsaighedgimpishraaicas and 4p ewdneh gadlubmeant| hesr beepowpixedntn an t he

R

. ey 220 f . . orfer "t h
Che magndedin appgraf e raettdd I8 b Eady o chafiRELALEPOLAOANREHS 01"
kCe. If the HRGNYdwddr Plih tHE eAvity g B WeRkShet Dan-53 okgee 9 ctHiEPRger than

30 kCe, a sintered magnet of high orientation and high 'nagnetic properties
cannot berobémt tirdallby rawtdinbabpowder & flem gettinghanbhlagyed o2vimnader powder P

filled into the cavity 22 to be mxed in its entirety, the nunber of
rot at i on ledvet freedandp merenat B timesftagiatiom(see 5@@0@% pm preferably 17 to
4000 rpm ,an he rotary vane is actuated for a predeterm ned period of
tinme (1 - lgo‘g%i:onds).
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 is
buried in the alloy raw meal powder P filled into the cavity 22 (see FIG. 3).
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 kOe, 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

| ower 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 neal powder particles P
This results in failure to array the alloy raw neal powder particles P in
the direction of the magnetic field orientation. If the conpression nol ding

is performed jn this state, the orientation gets disturbed.. Like.,in the
enbodi merf?, 400 ¥ere. 2B dndie FRiREY vsyedﬁiaéﬁww@ P eredntenminig Pﬁ’é‘oﬁlq?oy raw
meal po In tate in which the magnetic field is charged thereto,

t he pos}l\ﬁlﬁt[‘)lﬁgﬁ ?g %Ot%d%%shi p anong the particles of the alloy raw neal
powder P wippbhigp the cavity 22 will vary fromthe state in which the alloy
raw nmeal powder was filled into the cavity 22. There will thus be many

chances for tAeoeditst fd thisr egifigheatioh, ehen df lthy uppernpanclpondhe Bwichat has
nore equal crystal orientational relationship to be conbined. Once the

crystal fprumtuisesuljestiedgto eiduations pstial ther camteaitiomadimethod: ioreske ghget
bonded with one, another, there wll be fornmed a strqQng hondi ng chain. As
shown i n aryetal sragture rof the Faw meal pewidess pgaticlesi Radhali hequrxtcieganance in

(he o rechion. ol TRONELLGRILERLALLEN P MGl Lo A2 . Shtpe.
001, agiipERHEE B O (5Bl IR RBPRPRD AT,
Foc 1.7 gl s 1k Tty g iftas ol L oy 0
t her eby rthlermaknetic flebd oientatior, Iff the edmpidssiore hasldinggid petfbenediihs 42a,
42b w Il not be stopped. Then, the die 18 base 16 is |lowered to insert the
upper puribits 3tater the oimentapen gsiteldistmrbed.helikeenmetheeimhpdimieat,2dn tha a state
' whi ch c}t gr m%ﬁ?%yco;iégéiggivihﬁg %rggtea%ing the alloy raw meal powder P in a

state in which the magnetic field 1s 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

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 neal 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
will 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

operations, conpressio nol ding i s perfor i.n a state in whjch the alloy
raw real %&@M&nﬁi lg“ﬁesﬁé‘a ngayt AReuDger InCY %ﬁrgmﬁ% “PP@F&l‘g]}'@Htt €i on j ust
i ke nol ding,a. har ;sha i t hout .cl.earange .anong the. c tal fractyres so
ns o be HopRuthell KRAERA, | ROMacll O DEE QP Bhenthir R & chRREIT Do, o
can be o ' ; ' [ \/ t i;t.hout

di stur ba?ggiélﬁg?ﬁrel *}gg{agﬂggjt% itgﬁ ,almgjnlgﬁ? ﬁ’ggﬂna%%@?g?‘ ggd%r %ll{égg&gb)e 231 1%0

i nproved.sthedby thehsairef dhe aippef andriewe punehs®BU] 82 SAfRriaSlapsé of @ a range
of 0.1 - 1 t/cn2, nore preferably to 0.2 - 0.7 t/cnR2. At the nolding

pr essur e,predetermineg tene ddlemled@rit dhargihg toctheododed 2ag dZbds etoppet dralie a

sufficient strength. For exanple, it gives rise to cracks when the nol ded
body is tiakhis safe.gompressienumeldingapthe mepmum pgesansevallle exasutede ot her

hand, at | di,n ressur ceedin / a high pressure is, exerted on
e al | oy bl uBehasnch SASF geadiatty 1fed 15 shekhy GBS ) i ng
I s made I L.en i ' ru Of = S | Sqa

possi bi | ﬁ?‘f/} eg?ﬁlt 'eﬂ&?@%ﬁﬁeﬁggf g@@? tgrlgs% g&g ra%crag%@aﬁlééﬁ P? cslgﬁ‘l/ln

addi ti on,jstf3gmbAt GRSIdING Qtef)Ne AcERURE 1t6 THeChBold) opbbfatiBi Bthe8fohS Set to
a range of 5 kOe - 30 kOe. It the intensity of the magnetic field is weaker
than 5 kQaoldihgi€peabnnedlif Dbiaae igdvhiehthedully fivglnda) poiwdertiatsi@adand hi gh
I n magnetic properties. On the other hand, if the intensity of the magnetic

field is it aothigectiarhah Baghae; fichd orentatinet just flilkd dnelding at bay shppar at us

becomes too large to be practical. [00471 _ .
without elearance 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/cm?, more preferably to 0.2 ~ 0.7 t/em2. At the molding pressure, for
example, below 0.1 t/cm2the molded body does not have a sufficient strength.
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 kQe. 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 nolded 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 tine at a
predeterm ned te rature (1000C) in, e.g., argon atnosphere (sintering
step). FuRagRstic heldgeneratingapparatushecomey tP%?%Fﬁﬁ&ﬁr@tMBﬁ%'re for a
predeternﬁgﬁg ﬁeriod of tinme at a predeterm ned tenperature (500C), thereby
obt ai ni ng ? tered nmagnet (Nd-Fe-B sintered magnet). [00481 1In this

embodi ment . SERSGLERANLOLAGS BEAREMHE A AR I CRERATHT bebdde syst om

i n which the I'ng rection I's perpendrcular to lon o

magnet i ¢ haghdtic Yield8t e pei HdDd, niHeedid ReiseloMerbdabetilovid en@edThe ol di Ng
apparatus in which the nolding direction is in parallel with the direction
of the nagoldeidcbddyeMl.inkideatlth tavrty 22 willi thesnbedpubed ,oudstat blee uppeent at i on
magnetic field at the tinme of agitation and nolding, there was used a
static nmagwtace oftthe molding\liect6.t nEhe diechase 16 pemayedttottharehsf mowe thaagnet i ¢

field d h .. W.th bei lim.ted .th . b d,
(11 0 docs ot changs.  WLhou belng LT e Lo Shos (LhgT e M b, used, 2
field pergmunitt bi - - e , 3

1 L Perpial, BB ARl B SUILRE ok Sonle e B "0

Accor di ngiitgrhbdd £ ukbOeakindBring! f6%€a VR PRea2Pe RS APLRY dt0at he
alloy raw neal powder P at the trne of ‘agitation and nol ding of the all oy

raw nealprefewdainé] weegrerhtueabi000@) hags eeeargom ravesdphyrd eindedngi on of
| ubricants, the orientation can further be inproved. In this case, the
peri od 2Gten). pufethes pgiefge tedstinentnis executedaimd argen natmosphewe forne shal |
preferably Be set to bel Wi50'0 ms. If this range is exceeded, stgé))ng
bondi ng dRgfetermined peeriod of 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 uniaxial
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 shall
preferably be set to 5 - 50 kCe. If the magnetic 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 becones |ow and is therefore not practical.

&1 ot Ar y SRS BRe SRl Ly BRG: Bybanil dhe g os P dmg Pl Py AARE Do ot ary
Itati It howt, . bej limted,t t th be. d

B whi ch e EOPRE A Cc e e e o g Bt Bl BPng “means

such as %ﬁﬁﬁﬂ,”%&itlf.ﬁ%' FEAL th%gaétlﬁgﬂegrikﬂta%iér{ %ﬂhnﬁf‘%eofobhélﬁﬁ&y | ifgder rod

52a of the hydraulic cylinder 52 so"as, In a state 1n which the scoop is

buried i nfdditibAgcidlchey tha\nABAtti® PMIST fiRld i chassdd, abat edlh@abeP@Rall
horizontally over the entire length in the radial direction of the cavity

22 at a prefteabhynbeedt dpch e 50HdDezoHt e agignaticogld imtensity i aemkeat t he
time of rot%;% agitation or _horizontal agitation, the cylinder rod 52a may
be noved thgnan&Useokhereocannatde phtainetbaproduchohighin areniaticpanrdighowder

Lt R sF5Rhe SOt okl ik SO A PO o 1o
e P o G BRUEe B R BRA yd f

pr ef er ablipel duraBldy d?%h@fagga§£l%%%e&9&%éll$§ragidyis%hﬁ %o hbepAlctRy1 raw neal

powder during agitation. shown in , as the rotary vane, there may
be enpl oyd®048] paddl e vane type in which substantially L-shaped plate
pi eces 54a are provided on the rotary 21 shaft while deviating by 90 degrees
(see FIG 8(dn theaembbdiomentanalasyyption hastheen made of aatexaneplpnowhiel
spirally a( ?‘gt%r; lv%nefsgéll3 )o)f ;sc?er:ncrj v%rllleatr;r%goi; &/s%réeas 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 1s 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

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 is no particular limitation. It may be

of the type to generate air flow, but preferably it shail 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
fotary 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 nmay be enpl oyed one in
which 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 .thus be intermttentl r,continuously ejected so as
to agi { afBafw | §gVinting eSO deshees (eq PG, Stalt yibbon Yajigsiype i t he

enbodi nent,.. description _has. jbeen. e of e | e hn_whi a _uni axi al
ot essur  NHiGR GRS o1k, o PER LB i (e Rl n BTN, €t phor, Sph e
powder. ffod §4Sh RS pMRlpeBRER Bfe (Bideh! U3 s} & bitfa hdtPRMEally
construction using a'rubber nold may be enployed. I'n this case, this rubber
ol d is frblatR@ tof thie @taByshat(§RFIGO8EDN!T BPepandinden the seldctid totgrptep i s
performed to agitate in the magnetic field by the agitating apparatus 5. On
t he ot hewvahasdthda hansberayf betapenf andeime cfeagitation| aliengpstoppiatelynbetch t he
nol ded body M obtained by the nolding step in the uniaxial pressurizing
type of &¥hphesthemhanddnefgombycthieneotary agttationeandrbpuizgantal agtatipn pe

o5 e S S BBl b WA BB WL,
manut act arergatar dhd ErfoRi RS A7, Fibidel e Boe " dhelPRy STidlaiGian o
agi tat | NGl inGindl kneknk AP o RONIRE tidntdiEriARINE Hich Drbldhre B4RSRAYCNT | ¥,

conpressi on nol'ding was executed in a state of charging the nagnetic field.
However , thtie beointemhitgemidy ofRyntieueuplyoyjected dvads it agitade ahb alloyamiweal 22

powder that has been obtained in the above procedure is filled into a box
body of nMalpekaldrdimtheaeavifp82. openi ng and is subjected to agitation by
the [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
molded body M obtained by the molding step in the uniaxial pressurizing
type of compression molding machine 1 is further molded by using the
1sostatic 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-descri bed agitating apparatus 5 for a predeterm ned period of tinme in
a static magnetic field. Thereafter, the agitating apparatus 5 is retracted
and, W thout demagnetizing, a lid of Mo nmake 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 into a cube of 7 cm And a sintered body was

obtai ned b etting the nunber .af rotation of fhe.agitat.i pparatus 5 to
20000 1 prHFIFT el Prndesn Obigmedan dhoxe dagie indlisdinllr FoRHodvnge
magneti c erthes,of: Br = 0 =2 ( . = e ang].,t degree
of ori ent%%nﬁlgf(%g&%\?graen u(;%)f gi#eeglﬁlfd%@iﬁﬁb etcﬁe_e%r ?0 :g?ltt le()%eg ot I ment ,

al t hough #hyesddstAbe@Agttasin dFaf& 5ior ApredaetmindPpefiod be timhdhehed
magnet, this nethod of manufacturing an oriented body, a nolded body, and a
si nt er ed diatly magnditc figldl | dhetreafternahe hgitatingnapraciid 8ris ectrbowyd dnyd,
orienting powder polarized in the nmagnetic field or electric field,

conpr essiwphohe demagnetidingy dylid of Memeadgnistmeuntedeonl the upper opéringiofl d; or,

In additign to or_in_place, of fhe conpressjon nolding, sjntering the body
ori ent ed e Baxcbodygndihezeafter, aﬁwn%glam %ldrliSé:}taewateécﬁ?d wabsegnenrtyded. For

le, thi t b | i ed th f act ur f a.sintered body of
o1 i bon’ riftey et bedy ek SyE TR tolkghed i PlaskRarnitisdoid apodting PWianets ¢
field i ntering | 1...Nd-Fe- B al |
o el 1ok affbe i (5/0H81 4 pet:nk AR fgbhet (b IbTAOTH] Shilcall ok 2 % O
a nol di ngnséeftyvef ¢hexesaiicatt AYldui &8 to2B2 kel a1t des Bok dyne! fdirmad

apparatus to thereby manufacture a predeterm ned nol ded body and,

t her eaf t ento a cuibetof7iony. sAafd asintevedduidydwamobtained by setting the number
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 oy Raw Meal Powder) As Nd-Fe-B sintered magnet, material having a
conposition of 25Nd-3Pr-1Dy-0.95B- 1Co- 0. 2A1- 0. 05Cu- O. O1lGa- 0. 05 Mb- bal . Fe
yas used to manufacture an alloy raw material by vacuum fusion and nol di ng.
The alloy raw naterial was once subjected to coarse grinding by, e.g.,

hydr ogen crushi ng step and then was subjected to fine grinding by, e.g.,

|1 di h b b | | wder .
Lhe ol ding DElHEFGRREE .t)en‘igfﬂ?@é féa%%g%%?hgnf‘ ARSI Wt e

| d d k l b 10
twﬁisgﬂ‘;( b e ddlePufndf biagE Bod sRAD RS ?‘3%8‘1 Rk Ml PrdehsSd i o, e
ol de Oﬁvl‘?clﬁhg) O?Q%%%dﬁ@st %ngl%ugfl rebf altnﬁigﬁ af@'ﬂé‘ﬁl %}é'l;rlﬁ'g drnto a

foil ban strip |p cast || after the

vacuum meios0rig for 4 heulh eheretlo Dbtainess alN@Fe- B@lmm@a nﬂign%@. mﬂ t hi ck was
manuf actured by centrifugal casting (centrifugal casting nethod). To the

al | oy raw[6835] powder P thus nmanufactured there was appropriately added a
solid |ubricant conta| ning stearic acid and cobalt stearate, or a |iquid

I ublr hcant nmadalley Blaubrl‘ﬁﬂ@l IResrderdnt Aat Ng-Fe-B rfantezed omegnet, 2%@@13?3056]
fmohi ne By %ﬁ%ﬂﬁlﬂ%sﬁlt?q%%ﬁgﬁdﬁeﬁ@%ﬂ@%ﬁ ARG o e 1 i s
constit ut}\ggl b%e E%sw%% uB&4 3B ln?aé@fa%ﬁﬂ%r:% Q1LY Fads tgngﬁgy%{cﬁuiﬂ ?ﬁsi?rlm of

maxi mum e cavity avli ng a syguare openin raw

meal powdgld Rol@ERgf | *I‘h%dall% FOR i Wes bﬁc@@ulgg@ferd ﬂﬁc?oa%@%%ﬁﬂﬁﬁé Then,

whil e charglngthe static gnetic freld of agitation was executed
by the adyi slg. Nydivigenajrushigy stepcandeHebavshbectedptefiat efrindieg b4 peri od

of tinme (orlentl ng step). Thereafter, in a state in which the magnetic

field wae. gaejeftgmdﬂuaﬁq@egjnndmg)swstmthmbp obdsirearalloydray mea pewdenf 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), ii) 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 iil) 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 liquid
lubricant made of fluorine lubricant at a mixing ratio of 0.2 wt%.

[0056]

(Molding Step) () 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 kOe 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
kKOCe was charged for demmagnetization, 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. Wile charging the static magnetic field of 12
kCe, agitation was executed by the bel ow descried agitating neans for a

et r act cReTRROL B RSB hacT SEABED I § ALlel H B S AEPAEpor t el
t ' tat i | di { t il lustrated)f fur.t di t
| Soatat) Aol PR A ERR BTSSR stohrd SRR By he B AT ! "0 °
agi tatl ng, \\FRfer ;é}ﬂ?dh%fs"iﬁs 39S@sb1alEy %%p).s 'T"E}i‘@ n‘léldﬁ%gegﬁé]ssﬁ?é/ iﬁﬂh%%&%%ed

thereon a screw type of rétary vane e rotar aft 53a of the notor

53 and t head eétafy0.5atAemd4 Aftee comgh@estion hfoldirkd, abpéeesmaghetic fidld ef 3novi ng
the agitating apparatus 5 to a predeterm ned position, It rotated at the

nunber ofkQetvweds dmarged 406 lempagriasizaRions emdntleredfte) the mecldad ghddyr wasoop of
18-8 stainless steel nake was nounted on a hydraulically driven

reci procéﬁkﬁgoéﬂélogélﬂ%?a‘(lﬁb?zi | lustrated) and was reciprocated for 2 seconds
at a reciaragﬂli ng speed of 10 tinmes per second and 40 mm stroke. As a
conparat i Q xanpl e, agitation was al so executed by one in which the rotary

vane 54 and Sﬁlgfga%‘ﬁg%ng%ﬂ%%%eﬁ: gﬁﬂﬂﬁl}n%tlﬂ&eﬁéo%tati@h@?{%%p%gsﬁhs [00591

FIG 9 is ata . et’i c properties and orien \ sintered
magnet s R[wnfbL digiek RyviEPaSTOT NGn 1WEs FARI WALIE AT F AP SmeAP bBiwaer 22 St ep

conditions, and agitating conditions of the alloy raw nmeal powder. The
magnet i ¢ Whileashargimgathe stueicagagveticifisidost 1 kOsyhitatiopwedsiatdcutedpya BH
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/cm2.
[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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tracer. The orientation is a value 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-nmagnetic
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% was obtai ned .irrespective of the nmethod of nolding, ang. that
there wastebrandiéens, gpﬂtﬂeﬁl@&ms@wﬁpﬂpﬁ@?ﬁhﬁ@iﬂym%ﬂwﬁ% higf
magneti c properties in. which a XJ_mum ener. odpct . abpve M3Ce,
the r emadBRER G PORTIEIER 76 alerass, Lathiss i resiy o Evalilbion BY 3 B s 14
KCe. (Ex 2 [ A E . 2,42 : powder
was mamu?k g%%eg"r eg‘hgs&gggdgﬂoglehg[ Eg‘fag\i?vé?ryfnﬁeg Bﬁgﬁ?ﬁ%a‘%%ﬁ@ﬁﬁﬁ% di ng
machi ne JdedsityShpwatiratioh@usd defsite it YOT. S tARopdidgt thethi®)| itlicag Isd sgenter e
executed to rmanufacture a predeterm ned nol ded body. Thereafter, a
sinteringhatep high orieadatiod tan shertabtaireds ifjopried twodhei moldimgusten, nospher e
at a tenperature of 1020 C for 6 haours, thereby obtajning a Nd-Fe-B

si nt er ed anRgtation[iggraqutedwhile agdatingan the magnetic belde andithat. afeldiddt | there

was used a teri.al L whose c osition is . o
25N 2r -{Bg: BOBHEPEIIOn S bf TheeaseEbEasA BoBERBERsic matasel isused af ¢ er

vacuum f usi St Do %% \Qﬁﬁ - B@? : r.eby
manuf act &?‘eﬁﬁ%%‘ %&a% Ol W@] gftp?]l%%e 0 S%g%%?%%%_ﬁ%: %R%Pg%ﬁ%%éf actured
al I oy raws Rl ikbaMas S84GE ﬁh‘é‘?laﬁ%ﬁﬁiﬂ okRnt&Q6H T MdvRdOSg W1s Rytiiaean
grinding step and subsequently subjected to fine grinding by a jet mll

fine grindrgspestivpof tHremebodbf aiodding; andahhoyhérvwagabtadfedavaiatered( 0062]

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-1Co0-0.2A1-0.05Cu-
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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Further, the conpression nolding machine 1 was constituted to be able to
generate a maxi num of 16 kGe of static magnetic field in the cavity 22
havi ng a square opening portion of 7 cm In an inert gas atnosphere, the
cavity 22 was filled with 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 stainless steel nake was nounted (see FIG 1). Agitation was
execut ed ReWderhe nunmber of rotation of 20000 rpm for 2 seconds. Thereafter
conpressiﬂ | di ng was executed by the pair of upper and | ower punches
whi l e cha QPﬁgP magnetic field (nolding step). The nolding pressure in this

case was set t I g, a
reverse matgnelfl;?cﬁ {%ﬁﬁ%hﬁﬂ%&iﬁ@ %ggﬂg%argggﬁ? & g%ﬁgéﬁﬁ?bﬂ@ rgc%nﬁlgnd t hen
the nol dag ggb¥ate'aSmhaiBinPuF 13fk®BQ)fCﬁﬁt1EYma§ﬁeﬁc %ﬁ@%%@@aml e,
there was manufactured one which was nol ded wthout agitation the all oy
raw meal hgvinger squareheperaggaiortiohi ¢fl 9 cns hohneixect gas axndsphere, thot er ed.
(0063] FIG 10 is a table show ng an avera?e val ue of magnetic properties,
and rej eawvityn22 avas ifdlednwitdc anoalley rewaoies, mdﬂreE Theraftes, imrthet he |i ke

of 100 sintered mag t h of the nol d| sures while varying the
mol di ng  S5RES Magnetic tf(f@o{% ﬁgk ag@#ﬁpégﬁ%ﬁl ﬁge agiEARG ARG YEhI s

or i ent at 1 bRt SEPInef pElrERg IR SRS ”aﬁie‘rjarliéwgﬁ & IpE e dpeefl, <
agi tat i orhjd) JifilayMEIARLL e Shehy0 A5i AwAkhYerkft L TRIREL e gt

orientation’ ear ance arrmong t e cryst res; at by

execut i ngsthitfedDkidelonMEvas Molibtéd $Heat FIGSINt Qﬂl%@aﬁ@ﬁl ReA$ ei&@ﬂt@& At gh
magnetic properties were obtained. In addition y strongly bonding the

crystal fthactwmnber bAvitagioacpf2000D iy fonk secoedy. atTlerehftesl@hipressiop, t he
strength of the nol ded bodg itself will also become stronger, resulting in
| over r atreolbsting geas exaqutedbby the pespefuprer 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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products. It can also be seen that, even in case the rotary agitation was
executed, the orientation was disturbed when the nol ding pressure was bel ow
2.0 t/cn2. [0064] One hundred forned bodi es M were nmanufactured under the
same conditions as the above Exanple 2, and these fornmed bodies Mwere
wrapped in rubber bags, and were put into the isostatic nolding apparatus
to thereby nold themat a nolding pressure of 1 t/cnR. Thereafter,
sintering was executed in the sanme conditions as those in the above

e oo PSR Bl o, WSRO e 50 TG PR,
oecu bR e ol 4 N S R

3)  [0063)rqdhtst Ne; BXATRLE b o&dd Waf, BN IR AWASEE Mﬁérf@%ﬁa@ﬁhufvﬁg in the

sanme nethod as in the Exanple 2. By using the conpression I ding machi ne

as shown dxechied, the agiehtdtici) was disteebéddwhent e sedldimOpesddrsswas i n the
Exanple 2 while agitating in the nagnetic field by the agitating apparatus

5 to therbelgw &0 &om2i n t he nmagnetic field. Thereafter, conpression nolding
was executed apd sintered in the sane conditions as those in Exanple 2 to
t her eby ol0264} a sintered magnet. In this case, the nolding pressure was
set to 0.3 t/gcn? and.the.kind of .magnetic field and the intensit of the
rmaneti o 11 el GF drobtedt faiath dodiein M eren e hiyreds spdab b, md

[ 0066] FI 11 | S ] v henfag ' perties
when resﬁggfi #\%%I}sf/a€%ea§#ﬁee?g%fn%%é?é&\?\g?%@%ogﬁgﬁdgéodﬁ %'5 var ?/‘lg%%ﬁp ﬁéaki nd of

2o el o o e phaniy o, ORI gidntcas o
exceeded thePelnt mold them at a molding pressure of 1 t/cm2. 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 b 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? 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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t he 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) [0067] In the Exanple 4,

Nd- Fe-B al | oy raw neal powder was manufactured as descri bed herei nbel ow.
After mxing lubricant in a predetermned mxing ratio, by using the
conpression nolding machine 1 as shown in FIG 1 to execute the orienting
step and the molding step to manufacture a predeterm ned nol ded body. Then,

b ohon B PRSP S B AR R BT
magnet . 0068k, g%?ntﬁ%trﬁlwxﬂ?gtn%ﬁc%ulfsg el fH &@ﬁ{a%'}le&cegﬁg@%v ggmaterial

having a conposition oOf

25Nd- 3Pr 1 Dy 1O b grfeRicD fiefil o@ v B AiGe: 0 dipYhe Péther E&nd\’aﬁl Ugsde After

vacuum f usi on casting was nmade on a water-cool ed cupper roll, thereby

manuf act wiagipt field, tavsn (Isd rsepn tHatOtHe Wentatiof SMVeeddhig5%ratLI ket ur ed
alloy material was once subjected to coarse grinding by hydrogen grinding

st ep, anahmgsat@ﬁeidq:farbbtw&k@?.ect ed to jet mll fine grinding to thereby
obtain a aI | o w neal powder P. Then, as the lubricant, solid |ubricant,
liquid I r solid lubricant and liquid |ubricant was added in a
predeternzasg,éﬁn xing ratio and then mxed. As the solid |ubricant, zinc
stearate opurity with average particle diameter of 10 gmwas used. On

the ot her ;Iﬂ t@%@}%ﬁpiéﬂ%ﬁf Erdll’q%“}a:w 2l pobiifer wiiead aétﬁréfﬁ‘ggh fatty

acid ester o 'ty ‘and petroleum s nt were ‘evenly m xed and a
surface @ekiNBe@IRPEINMROW! Xl Mnifg Hhﬁﬂcéﬁ‘ﬁ iR prrédeﬁé@%n&? hBQR8] The

conpr essi on nDIdlng machine 1 was constituted to enable t
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-1Co0-0.2A1-0.05Cu-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 liguid
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 pm 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

wt%.
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generate static magnetic field of maxinmum 16 kCe in the cavity 22 having a
square opening portion of 7 cm In an inert gas atnosphere the cavity 22
was filled with alloy raw neal powder P. Thereafter, it was agitated by the
agitating apparatus 5 in a static nmagnetic field of 16 kCe (orienting step).
In agitating, there was used one which has nmounted thereon a screw type of
rotary vane of 18-8 stainless steel nake (see FIG 1) and agitated by
rotation at a nunmber of rotation of 60000 rpmfor 3 seconds. Thereafter,
nmol di ng \Mi% gi(ecut ed by a pair of upper and | ower punches whil e charging
magneti c Aoap (rmolding step). In this case, the nolding pressure was set

to 0.5 t/cnR.qv, Th fter ¢ [ ess) .qml di ng,. r E.S netiecfield of 3

kCe was charrglé%l (t%gn eﬁ%%ﬁeﬁ@glngé#g%&grqd@%ﬁgﬁ@%&%&&?@ﬁ& %hgg}reoltged body

was tak 0d1 ok his : hS ; : A& rage

val ues o?éé rrr%gé\tgt %tgklgfnéggir{%%%g egggimo%ﬁlérkﬁ%tlﬁg%ogtlﬁttﬁg%aﬁgh %)%%?)g%lggl/ﬁi ng 100

si nter edlsfd%(alil@toi)eﬁing pertigbo¥er g@scThhead inetdinganhesshire tMel éariaRRi ng t he
ubr

ki nd of icants and the mxing ratio thereof. The orientation is a val ue
obt ai ned wgs filleddiith ally ramaimealgfowder Penfhervafteagitevas agitatedibpdibey by t he
saturation magnetic flux . density at 10T. According to this, it can be seen
that, in agitdingappavatys 5o ﬁf@émmagne@%ﬁe%oftlffékgedmleatmﬁgst@@entlp the

i entati IS i db ddi t ti fy0.02 Wt % d that th
i mum GBS DGR (b Pt LR, a o pfish heieal &, hdYPEinen
u _ i , | .
orra | uprtl PESLE 163 Qo OB QUEF el B0 A SRCERRL I rothBofi™22 oos,

was obt ai fied nuaibridiabtioPsf SBIR ¥pHEEN 8lsendl. IMHBHIAREE, tneldAREWalseS Was
obtained in which the naxinum energy product was above 55 M3Ce, the

remanent gxegagid by fal pair ofl@ppet inddswbé pinches ardld dieargiey aiagetierfiedwas
about 14.0 KCe. It is to be 30 noted, however, that when a solid |ubricant
was addedmolding stépd. ofnothds vitase, thérenelding miessurecwas bitgho dr.5 ettmt.i on, but
the coerc,}‘ﬁ/‘aen,f gi"t%? éo?nmglr'eescsiio%nqgélding, 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 is 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
lubricant 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 MGOe, 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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t he influence of residual carbon (ash content of lubricant). [0071]

Further, in case a liquid lubricant was used as the lubricating agent, when
addition was nade 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 show ng the magnetic properties inproved. It can also be

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

hi gh magneti ¢ properties s obtajped in which the maxi mum epergy product
o wham fofl g W%ﬁda@%ttayr%% OfLQ:%Wt%Ei and

was abov&oted, howgyer, thad 1
the coercjve force was abqut, 14.0 KOe. Lt is to be naqted,, howeyer, . that
when a | T HETRPRUMHERE faUEhfHightarion. bt e sPosiyf et Hape et dndsh o\ ned a
hi gh ori ' Y | : wered. Therefore, it
can be sgfel%q%lgg%celbéﬁg | a?gﬁf%ls@rsr% gﬁg%@rdfgﬁw%%ﬁ?he coercive force
| ower ed uifdev1} he influence of residual carbon. [0072] Further, even in
case the solid lubricant and the liquid |ubricant were used as the
| ubri cant by Fethertinvedsg ailiquid lubeiraat waspusetktaerthenhbri@ting agémtigher
orientation was obtained and a permanent magnet of high magnetic gropert I es
was obt aivneen agdditiert Wass sradst abthefratigeofP Hai wik) it con7As] sesrcthat jthe 3
schematic view.of a noldin pparatus for executing the nmethod o
manuf act GFIREAHER AP CH G the; FFSITGH STIFTEY SHERiuSY aas*sﬁlf? orﬁ?lffqaﬂe 2 s
a schemat]c_vi.ewd | | rating th 2 al of th | di pparatus as
shown in @et(f ﬂl’—'\xdgﬁéw}%g éﬂ% crﬁgﬁéﬁ?% R}.Pﬁ%tf% %’gﬁ F‘g\%ldggq? hcg%ogg%pahyon
(ori ent i Rgest §RAt, Ofn _ca%etﬁh% TR NAbRRRAL A4S af%&ieaham | eEl §f 31wild, G 4(2)
is a schematic view illustrating the magnetic field orientation
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
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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according to the conventional art, and FIG 4(b) is a schematic view
illustrating 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 exanple 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
apparatus; FIG. . 9 is a table show n netic properties and orientation of
per mnenth ding apPAIRLUS af 6 OWﬁleg@g%e 1; FIG 10 is a table show ng

per manent gt kit sceupateieBilypfatisk the HaenehRdEIT prgRESERE, g
magnet | ¢ JReRghd | &° tﬁfe R&hvERR fital TREN €A A uf %) UseS IPnEXATR! Gicly and
FIG 12 is a table showm hg nagneti c properties and orientation of pernmanent

magnet s AROstratingthe agitabrRiagnétic FORB 6FibRtdtish 6f thRe iveaitioh; Nuner al s]
[0074] 1 conpression nolding machine 2 die 21 penetrating hole 22 cavity

31, 32 punchédG: snignedchenddtid diege ilustrating ahpaopiration (naddimg steg) afpar at us
54 rotary vane 56 |lid body P alloy raw neal powder 32 Y WHAT IS CLAIMED | S:
the molding apparatus as shown in FIG. 1;
FIG. 6 is a graph illustrating the magnetic pulse field;
FIG. 7 is a graph illustrating a modified example of the magnetic pulse
field;
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 1s 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 lid 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 nethod of manufacturing a nolded 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 conpr ion dj he powder oriented in the first step in the

magnet i cﬁ?‘éﬁ@@%&@h fs'fi eld. 3. A nethod of manufacturing a sintered
body conprising:, a first.ste f filling a filli chanber .wi th powder that
o ol ar | zed & o A Rethed bt Meiaturing o Britaied bodPBERRE | ng, P | e
agitating, t . | ik . S . ression
mol ding, i o RARE B chbBBe with RO TRAL is PoBSRAN e e TR T he
first stepelatc@eldligdl step, in addition to or in place of the second step,
of sintering the oriented body or conpression-nol ded body. 4. A nethod of
manuf act ur i ngrentargyeriaid aghgiiag, thengowddma magnetic eld ogelettnic Higldi [ 1ing a
filling chanber 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 di ng the all raw nmeal .powder oriented in
the orienti ngz-stﬁéﬁlectéo‘io F‘E’dgg%?w aé‘@ﬂ%‘?i}éﬁdﬁﬁaw}ségg‘i eld. 33 5. The
met hod of manu turin per n ardi Q. ¢l ahm:4 erein
the alloy ra ﬁgsgtl &ngﬁef?ﬂ gv‘?%gﬁ?ré )?ggg{h%grvgﬁg é)%g%r{l}:agnlg paql%}%ed\m
predet et gkl KoRdor Bloctti field hAhridlittnd 18 the ARSI BERPby efoctibe et hod
of manufactUring a permanent nmagnet according to clfaim4 or 5, wherein the
mol di ng Hiedd, whilexgitatiag, tye powderid tle filliifSeldmbew 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/cnR2 - 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 nolded 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 a range of 0.3 t/cnm2 - 3.0 t/cnR. 9. The nethod of

5. Fur t hor CoprTE REERO Bk SHTHACLBINE M PAUBRRFBh o8t ST 4o of i he
ol di ng %i@ﬁloé%;]afaheu I B LR AR Bt pREPYREON RS DIy

10. The manu a pernmanent rra accor aim 5,
wherein gn3biedeldthlinedthivide Féﬁgl@ﬁllé@?nﬂo%@fe'fﬂi’ﬁtg ch%'i&%éihere' n the nixing
ratio is set  to a range of O wt % - 0. The net hod of

manuf act uri ng a per manent magnet accordl ng to cI ai m 5, wherein a liquid

| ubricant is used as the lubricant, and wherein the 34 mixing ratio is set
to a range of6.0.Te wnethodsofvmsanufactubieg e phonapknhranagaet acéording per manent
magnet according to claims5, wherein a m xtur a predeterm ned m xi ng
ratio of chagbiiar 5, vietedn the malding stenilg eﬁ@@sﬁegalm aj WK PESUEING hr i cant .

13. The thog of manuf act uj;d g er mane twga net accor di ng to @ﬁ\{ one of
cl ai ms 4 YRt SOFRTFESHAR BPHI PR AN AF By A S BohSEMATESTER HOYAPR  earth
magnet 0 214. The nmet hod of manufacturing
a pernarqgﬂ?&qn%gﬁgé gta@é%r 0'12%1/195 o(r\@?o ‘clains 4 through 13, wherein the
agitation of the alloy raw msal powder is executed with an agitating nmeans

made of a non-magnetic material.
7. The method of manufacturing 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/em?2 ~ 3.0 t/cm?2.

9. The method of manufacturing a permanent magnet according to any
one of claims 4 through 8, 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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15. The nmethod of manufacturing a permanent nagnet according to any one of
clains 4 through 14, wherein at |east one of the orienting step and the

hol ding step is executed in static nagnetic field, and wherein the intensity
of the magnetic field is set to a range of 5 - 30 kCe. 16. The nethod of
manuf acturing a permanent magnet according to any one of clainms 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 magnetic

field is set to a range of 5 - 50 kCe.
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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