SPECI FI CATI ON  MOLDI NG APPARATUS [Field of the Invention] (0001] The
present invention relates to a nolding apparatus for manufacturing a nol ded
body by conpression-nolding a powder and relates, in particular, to a
nol di ng apparatus to be used in manufacturing a rare-earth permanent nagnet
such as a Nd-Fe-B system permanent magnet. [Background Art] [0002]

Rar e-earth permanent nagnets, particularly Nd-Fe-B sintered nagnets
(so-cal |l ed neodym um magnet) are nmade of a conbination of iron with

el erents of Nd and B that are | ow Eprlce ﬁnd abundant as natural resources
and al so capabl e of stable supply, TN ef ore be manufactured at a

|l ow cost and, at the sane tine, have high nmagnetic properties (maxi num

ener gy product is about 10 tines that of ferritic magnets). Therefore, they

are used in various kinds of q*dgua dlpp and are recently wdely
used in notors and generators tor hybrid cars. 003] As an exanpl e of
manuf act ur i foridd-dfehd Iavohesed magnets, there is known a powder netal | urgy
method. In this method, Nd, Fe and B are first mxed in a predeterm ned
conposi tion {0801, dissolved, and nolded to manufacture an alloy raw
material. It is _once coarsely crushed by, . hydrogen crushing step, and
i s subsequent | yTh¢ ne¢seng iwverdidyrelatay. to § moldqmglappﬁaraf@mgﬁor metoRfastume
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magnet such as a Nd-Fe-B system permanent magnet.
[Background Art])
[0002]

Rare-earth 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 can therefore 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
obtained alloy raw meal powder is subjected to orientation in the magnetic
field (magnetic field orientation), and is compression-molded while being

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



1 nol ded body is sintered under predeterm ned conditions to thereby

manuf acture a sintered magnet. [0004] As a nethod of conpression nolding in
the magnetic field, there is generally used a uniaxial pressurizing type of
conpression nolding apparatus. In this conpression nol ding apparatus, alloy
raw neal powder is filled into a cavity forned in a penetrating hole in a
dre, and is pressurized (pressed) by a pair of upper and | ower punches from
t he upper and I ower directions to thereby forma product out of the alloy
raw neal pomder Fbmever at the time of conpression nolding by nmeans of
the pair of h orisentation can be, obt ali ned and t he
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set in pos{poe) i n the punch. In view of the above, there is known another
conpression nol ding apparatus in which, after having filled a cavity with
al | oy raw nealAspawarithoditof| @agireesienomoldingche shofmagnetippdicldutisdreaind a

| ower punch is vibrated in the direction of pressurizing (pressing
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directions to thereby form a product out of the alloy raw meal powder.

However, at the time of compression molding by means of the pair of punches,
high orientation cannot be obtained, and the improvement in the magnetic
properties cannot be attained, due to the friction among the particles of the
alloy raw meal powder and due to the friction between the alloy raw meal
powder and the wall surface of the moid set 1n position in the punch. In
view of the above, there is known another compression molding apparatus 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 (see
patent document 1).
Patent Document 1' International Publication No. 2002-60677, see e.g.,
claims)
[ Disclosure of the Invention]
[Problems to be Solved by the Invention]
[0005]

However, in the above-described compression molding apparatus, since
vibration is caused to take place only by one of the upper punch and the lower
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



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 2result, in case the crystal fractures of the adjoining particles in the
orientation direction of the magnetic field do not match with each ot her
(since alloy raw neal powder of Nd-Fe-B sintered magnet i s manufactured by
m xi ng Nd, Fe and B and fusing and alloying and thereafter grinding them
the surface of the aIon ram/neal powder has formed therein crysta
fractures), clearance will remain, in the end, anong the particles of the
alloy radefel Bovdes Q%m cry el efrgeitires hef gdisy afliqining w@w&fta aat thh of the
alloy raw ne
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pressurizing means tor ap ylng a conpression n one of the magnetic
field and qlppgg}ic field to the powder

In view of the above points, this invention has an object of providing a
molding apparatus which is constitutéd to be able to obtain a molded body of
extremely high orientation by arranging such that the crystal fractures of the
powder having more equal crystal orientational relationship can be combined
together.

{Means for Solving the Problems]
[0007]

In order to solve the above problems, the molding apparatus according
to claim 1 comprises: a filling chamber filled with powder that is polarized in
one of magnetic field and electric field; means for generating one of magnetic
field and electric field so as to enable to charge the powder filled in the filling
chamber with one of the magnetic field and electric field; an agitating means
for agitating and orienting the powder in a state of being charged with one of
the magnetic field and electric field; and a pressurizing means for applying a
compression force in one of the magnetic field and electric field to the powder
that has been agitated and oriented, thereby molding the powder.

[0008]
According to this invention, since the powder filled in the filling

chamber can be agitated and oriented by the agitating means in the magnetic



that has been agitated and oriented, thereby nolding the powder. [0008)
According to this invention, since the powder filled in the filling chanber
can be agitated and oriented by the agitating nmeans in the magnetic 3 field
or electric field, the positional relationship anong the particles of the

powder in the filling chanber will be changed fromthe state in which the
powder was initially filled into the filling chanber. As a result, there
will be nore chances in which, anong the conbinations of crystal fractures

i orientj in the magnetic field aor electric field, the crystal fractures
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Then, the powder can be molded by the pressuring means under compression

in a state in which the crystal fractures having equal crystal orientational

relationship get combined together, there can be obtained a molded body

having a high orientation. At the same time, since the crystal fractures

having equal orientational relationship are firmly bonded together, there can

be obtained a molded body of high density at a lower molding pressure. Asa

result, the strength of the molded body increases and the rate of occurrence of

rejection can be lowered.

[0009]
If the agitating means is the agitating means is disposed in a manner to

be movable into and out of the filling chamber, the workability for obtaining

the molded body by compression-molding the powder can advantageously be

improved.

{0010}
If the filling chamber has an opening for filling the powder therethrough,

and a lid body is provided integral with the agitating means in a manner to

close the opening when the agitating means is moved into the filling chamber,

the powder can be prevented from splashing out of the filling chamber during

agitation.

[0011])



If the filling chanber has an opening for filling the powder therethrough,
and a lid body is provided integral with the agitating neans in a manner to
cl ose the opening when the agitating neans is noved into the filling
chanmber, the powder can be prevented from splashing out of the filling
chanber during agitation. (0011] 4 If the agitating nmeans is constituted by
a non-magnetic material, when, e.g., alloy raw neal powder for a pernmanent
magnet is agitated in the magnetic field, the magnetic field can be

prevented fromgetti.ng.di sturbed due to.adhesion of the allay raw neal
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magnet is manufactured, if the intensity of the magnetic freld is below 5
kCe, a pedoaneanthomgnet thé alloghrawomieahpawdentatite hgivdtinpeneiricand dperti es
cannot be obtained. If the intensity of the magnetic field is above 30 kCe,
t he magnetd erfseahenigasefigiemigagibaipen af the Yéaorays mesd oardge, and t he

durabi lity, of tthe apparatus becones poor, which is not practical. [0013]
On the oth lr?dnd, the nmeans for generating the nagnetic field nay be
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intensity of the magnetic field is below 5 kOe, a permanent magnet of high

orientation and high magnetic properties cannot be obtained. If the
intensity of the magnetic field is above 30 kOe, the magnetic field generating
apparatus becomes too large, and the durability of the apparatus becomes
poor, which 1s not practical.

[0013]

On the other hand, the means for generating the magnetic field may be
arranged to be capable of génerating magnetic pulse field in a range of
magnetic field intensity of 5~50 kOe. “According to this configuration, if is
possible to cause the powder itself that has been filled in the filling chamber
to be vibrated, thereby further improving the orientation. However, if the
intensity of the magnetic field is below 5 kOe, there cannot be obtained a
permanent magnet having high orientation and high magnetic properties. If
the intensity of the magnetic field is above 50 kQOe, the magnetic field
generating apparatus becomes too large, and the durability of the apparatus
becomes poor, which is not practical.

[0014]

The above-described powder is alloy raw meal powder for rare-earth

magnet and the alloy raw meal powder is manufactured by gquenching

method. According to this configuration, the alloy raw meal powder becomes



per manent magnet having high orientation and high magnetic properties. If
the intensity of the magnetic field is above 50 kCe, the magnetic field
generating apparatus becones too |large, and the durability of the apparatus
becomes poor, which is not practical. [0014] The above-descri bed powder is
all oy raw neal powder for rare-earth nmnmagnet and the alloy raw neal powder
is manufactured by quenching nethod. According to this configuration, the
al l oy raw neal powder becones 5 angul ar particul ate shape, whereby the area
of a single crystal fracture can made | ar e and t he clearance anong the
parti cl esaFulah@aghicekrte shapeawh efﬁ%m@w BraR escmsua fReturRIgaR npr ovi ng
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result, byyvwighdrd ﬁdﬂﬁierrrﬁiéitmc@@%é@hwu@thetrhh@réa@w@hlvﬂﬁchtth@rc@ &aDh be
obt ai ned a permanent nagnet that is high in density w thout di s?urbance in
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I nvention] [0015] As described hereinabove, according to the nolding

appar at usoméntatiosal i ivapendnp getercormiunedewitht annednathess f dot additiomt
crystal fractures of. the ovvde aving.nore qu I crystal orientational

rel ati onsthiegeton tﬁ%@rmm@m@anf UETRPIORE HPEONE giresylteby using gh@ anged to

oo ool TOSEL LG RS 0 ] S e D
magnet that is high in dens1ty w1thout disturbance in orientation and that is
high in magnetic properties.

[ Effect of the Invention]
[0015]

As described hereinabove, according to the molding apparatus of this
invention, there can be obtained an effect in that crystal fractures of the
powder having more equal crystal orientational relationship in the magnetic
field or in the electric field are arranged to get combined, thereby
manufacturing a molded body of an extremely high orientation.

[Best Mode for Carrying out the Invention]
[0016]

With reference to FIGS. 1 through 5, reference numeral 1 denotes a
molding apparatus according to this invention. The molding apparatus 1 is
suitable for manufacturing rare earth permanent magnet, in particular,
Nd-Fe-B sintered magnet (inclusive of oriented body and molded body). The
molding apparatus 1 is a compression molding apparatus of a uniaxial
pressurizing 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 1s
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



Wth reference to FIGS. 1 through 5, reference nuneral 1 denotes a nolding
apparatus according to this invention. The nolding apparatus 1 is suitable
for manufacturing rare earth pernmanent nagnet, in particular, Nd-Fe-B
sintered magnet (inclusive of oriented body and nol ded body). The nol ding
apparatus 1 is a conpression nol ding apparatus of a uniaxial pressurizing
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 | eg pieces 11. Above the base plate 12 there is

di sposedsappioei® cdloemt 3 3s icsnseqipdtd edednneatiplouslate 1y ditpsaedplesiowng
colums 13 which penetrate through the base plate 12. The other end of each

of the 6habppoplatagZ ollhmepmmctingadateett éelconnestedbimecdtivigepnasss,14

di sposed bel ow the bas atee 12..  The connegcting plate 14 is connected to a
driving féené, Cy]é‘.“g‘?r, r‘&gc&i ioiid%r 3?@&‘“8 Bt %yﬁgéullkiné’w&lci’%ﬁ@c%‘?n-a known
constructy . di hi Lauyat i n theyl ower  hvdraulic
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In substantially the central part of the die 2, there Is forned a

penet r at iupgariblewR ditdrtiohepudssaniti sowiedii6e¥i on. Into the penetrating hole
21 there can be inserted a | ower punch 31 which is vertically disposed on

subst anti B0037)} he central part of the upper surface of the base plate 12.
When the |l ower hydraulic¢ cylinder is actuated to |lower the die 2, the | ower
punch 31 is iHAsevhgantially thre qeaiealr parth@f nBiee da 2.0 thewer épylomeedng a cavity
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22. substantially the central part of the upper surface of the base plate 12.

When the lower hydraulic cylinder is actuated to lower the die 2, the lower

punch 31 is inserted into the penetrating hole 21 to thereby define a cavity

(filling chamber) 22 inside the penetrating hole 21. Relative to the cavity 22

a powder feeding apparatus (not illustrated) of the known construction is

movable back and forth. By means of this powder feeding apparatus there

can be filled an alloy raw meal powder metered in advance into the cavity 22.

[0018]

On an upper part of the die 2 there is disposed a die base 16 which lies

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. A vertically disposed pair of the upper punch 32 and the lower punch 31

constitutes the pressuring means. 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 is ready to be moveable up and down



10018] On an upper part of the die 2 there is disposed a die base 16 which
lies opposite to the base plate 12. On a | ower surface of the die base 16
there is provided an upper punch 32 in a position capable of insertion into
the cavity 22. A vertically disposed pair of the upper punch 32 and the
l-ower punch 31 constitutes the pressuring nmeans. 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 upgpededsty ftheeguwifle trhds di7eaﬂuh$:ense£bﬁlenblgr’d1ei gppanpeaatle d2abetvimdsng neans,
e.g., a cylinder rod 18 of hydra;% cyl i nder (not illustrated) of a
known comseaide g eW@ﬁmﬁhdyeﬁWn ressuriging danection) getthat dbe wprerdi e base
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applied to the alloy raw neal powd P for the pair of the upper
and | owemgldirghbs tBd pa&QOﬂ\tH&uppéman@&Wélypuﬁaqesl\BBr.’ﬂ)Wlﬂnmlh@Qﬁvhgdy of a
predeterm ned shape can be obtained (nolding step). (0019] In addition, on
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apparatus 4 in order to orient in the nmagnetic field the alloy raw neal
powder plmeldigg st -cavity 22. The nmagnetic field generating apparatus 4 is
di sposed w g%]sym'retri cal manner so as to sandwich the die 2 from both
si des, (P] a pair of yokes 4la, 41b nade of a material that is high in
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generating apparatus 4 in order to orient in the magnetic field the alloy raw
meal powder P inside the cavity 22. The magnetic field generating
apparatus 4 is disposed in a symmetrical manner so as to sandwich the die 2
from both sides, and has a pair of yokes 41a, 41b made of a material that is
high in magnetic permeability such as mild steel, pure iron, permendur, and
the like. Both the yokes 41a, 41b have wound thereabout 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 perpendicular to the
pressurizing direction (up-and-down direction Y).  According to this
configuration, the alloy raw meal powder P filled in the cavity 22 can be
oriented.
[0020]

The alloy raw meal powder P that is a power polarized in the magnetic
field 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



the |ike. Both the yokes 41l1a, 41b have wound thereabout coils 42a, 42b and,
by charging each of the coils 42a, 42b with electric power, there wll be
generated static magnetic field in a direction X perpendicular 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. [0020] The alloy raw neal powder P that is a power polarized in
the magnetic field is manufactured in the followi ng manner. In other words,
Fe, B, and Nd are blended in a predeterm ned conposition ratio, and an
atloy of 0.05 mm-' 0.5 mmis first manufactured by a quenching process,

e. g., by mastufaguredalloyds RodrseBn ciilishedt bera kaswn ydrakéo\eraihiagaitbp5 mMm
thick may al so be nmanufactured by a centrifugal casting nmethod, or else a
smal | anpand inpulkequertly finely Arownd G anot ol hudevtushinghsep inmitogbhendi ng.
Then, the 8 manufactured alloy is coarsely crushed by a known hydrogen
crushi ng g@%p‘i‘tm&ﬁgh?r@: stg‘%@ﬁ’u@h?ﬁ?mg r@iloy ¥ UReabpow dest ofnfin| a¥qrage cr ushi ng
step in nitrogen. at posphef e, t her eby. .obt ai ni all oy raw |, powder of
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among t hefipafireGlres cgh HehBadalididy ﬁﬁ&%ﬁ@@ba@@ﬂ&ﬁﬁmﬁng&hequﬁaﬁﬁ<§mﬁél-
(00211 In order to inprove the ffowablllty preferably a’lubricant is added
in a predteravmechlpoxideg B ed be moadeh@mall] oy raw neal powder P manuf act ured

as descriped gbove. The surface of the alloy raw neal powder P is coated
with thisl@Qdicant. As the lubricant, solid lubricants or |iquid

lml;? ;: C?rgf 3 hiﬁl& fn)%(éeratol i?x\{\ll)x\'{)ivgqc %ifioywa%iﬁtjlrf Sp?['ceife?gbfyhg tlu%rqggntdi% Qf&éddi%naage the
predetermined mixing ratio to the alloy raw meal powder P manufactured as
described above. The surface of the alloy raw meal powder P is coated with
this lubricant. As the lubricant, solid lubricants or liguid lubricants having
a low viscosity are used so that they do not damage the metal mold. As the
solid lubricants, there can be listed lamellar compounds (MoSz, WSa, 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.

[0022]

On the other hand, as the hiquid 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



solid lubricants, there can be listed | amellar conpounds (MS2, W52, MSe,
graphite, BN, CFx, and the like), soft netal (Zn, Pb, and. the like), rigid
mat eri al s (di anmond powder, Ti N powder, and the |ike), organic high polyners
(PTEE series, aliphatic nylon series, higher aliphatic series, fatty acid
am de series, fatty acid ester series, netallic soap series, and the like).
I't is particularly preferable to use zinc stearate, ethylene am de, and
grease of fluoroether series. (0022) On the other hand, as the liquid

| ubricant, there can be listed natural grease material (vegetable oils such
as castor oil, coconut oil, palmoil, and the like; mneral oils; petroleum
grease; anerdivefdrikef theamdgorgarTheledwe, ok grafeanbletbensedos wotwudarade
aliphatic series, lowgrade fatty acid amde series, lowgrade fatty acid
ester seryaght mattexlglsﬁarfwé!&afe@rt}ly ToORTed ab e sileniag sterui d fatty acid,
liquid fa\tklbp ggld ester, and liquid fluorine |ubricant. Liquid | ubri cant s
are used 1?\ urf act ant or by diluting with solvent. The carbon residue

Co e O o T8 L0y be@ile 1LBALaAC TR (L Ens NI LAY bR R dE B coercive
orce of the nmagnet erefore, 1t is pre erale o use Tow'nol eCu
wei ght  mefaelifich %éyObéf ﬁﬁs!d'ehhaé ﬁukﬁl% fﬁﬂﬂiﬁd 02 Hrtbdhe 51 Wt% I N9t BRxid0023] In

case a solid lubricant is added to the alloy raw neal powder P, addition
may be nadeioiin l@sthang02 attdy thé fI0wdDilny%6f-the allowtr¥ew tdeal b@w&wPrv@ll ratio is
| ess than 0.02 wt% the flowability of the alloy raw nmeal powder P will not

be i npr ovsd b@rldlprom@qdemﬂsﬁqumﬁy,dhemwaltabnn\wﬂ]l neidee iepiovpdovead. On  the
ot her han the ing ration exceeds 0.1 wt% the coercive force | ower s
under thé %Fe]h%‘é(in af th theBITREISHHINERTAEE LdnvEit theneaereundorce lptetthe
sintered ma ﬂ% the S|n ered qrgnet s obtained. .Further, .in,case a

i qui | of oten ST FEPINS Bl OB Bmans iy e 5qded i n

sintered magnet When the sintered magnet is obtained. Further, in case a
liguid lubricant is added to the alloy raw meal powder P, it may be added in a
range of 0.05 wt% ~ 5 wt%. If the mixing ratio is less than 0.05 wt%, the
flowability of the alloy raw meal powder P will not be improved and,
consequently, there is a possibility that the orientation will not be improved.
On the other hand, if the mixing ration exceeds 5 wt%, the coercive force
lowers under the influence of the carbon residue content that remains in the
sintered magnet when the sintered magnet is obtained. By the way, as the
lubricants, if both the solid lubricant and the liquid lubricant are added, the
lubricants will be widely spread to every corner of the alloy raw meal powder
P and, due to high lubricating effect, a higher orientatioﬁ can be obtained.
[0024]

After filling the cavity 22 formed in the penetrating hole 21 of the die 2
with the alloy raw meal powder P manufactured as described above, the alloy
raw meal powder P is compression-molded as a result of pressurizing in the
up-and-down direction by the pair of upper and lower punches 31, 32. At
that time, it is necessary to enable to improve the magnetic properties by
arranging such that a high orientation can be obtained. For that purpose, in
this embodiment, there was provided the mixing apparatus 5 that is movable

into, and out of, the cavity 22. The molding apparatus 1 is thus constituted
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range of 0.05 wt%- 5 w% If the mxing ratiois less than 0.05 wt% the
flowability of the alloy raw neal powder P will not be inproved and,
consequently, there is a possibility that the orientation will not be
inmproved. On the other hand, if the m xing ration exceeds 5 w% the
coercive force |owers under the influence of the carbon residue content
that remains in the sintered magnet when the sintered nmagnet is obtained.
By the way, as the lubricants, if both the solid [ubricant and the |iquid
| ubricant are added, the lubricants will be widely spread to every corner

of the allqy raw neal powder P_and, due to high lubricating effect, a
hi gher s Eloas: or hedrishatten having filled ghe spviit 82 asi the Alinchehamber y 22

f din. trati hol e, 2 f.t ie 2 it.h th | | I
povder PYHBEGUR A HEOuI du DS 6, O R AT Byon PR P i s

_ _ f “therd freat RN
oy P> JRUH Buufef ROKE 0 BRET B A% ]S (e Mo B R o1 ot on
necessaryw@:ePail hb Qealviily’ Qﬁewtageaﬁﬁﬂg@d it6 B o8 hblcCSf fggingﬁlbfi%?%%dslg such

that a high orientation can be obtained. For thal purpose, 1n

enbodi mepiientitgsre stas, while deidatihe M o heapeaicafield i 4 hadtel & whyebl e into,
and out of, the cavity 22. The nolding apparatus 1 is thus constituted 10
as fol | owstic Thagnetis fiald isr gdreerntrgl €inlhegneiie fiekihy ek2trmliyhehariging ng
chanber wth the alloy raw meal powder P, prior to the conpression nolding
(ol di ng?acbtcgﬁgle\ﬁpﬁff’l’lg%e‘l?ﬂh‘i’&eh@fm@ﬁ%@#c feld senventipgiprezatye 4.32, the al | oy
raw neal [0 g\fgﬁler Pin the cavity 22 was arranged to be capabl e of being
oriented @ fentation step), while agitating, in the magnetic field in a

SHaLe, 1o, AR TRERRNS 05 oA RSB o ) )

gener at | ggheAPRATALLSE the ARO25Hn pARAIAGhEAIWAE. 2IRAT @Mkt An'lAG® 8f BhPPOrting

pl ate 51 provided on an
supporting plate 51 is provided with a hydraulic cylinder 52 of a known
construction. A pneumatically driven type of motor 53 of a known
construction is mounted on a cylinder rod 52a that is projected to the lower
side of the supporting plate 51. A rotary vane 54 is mounted (rotary
agitation) on the motor 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 means. The rotary vane 54 1s of a
screw vane type (propeller vane). The rotary shaft 53a and the rotary vane
54 are made of a non-magnetic material such as 18-8 stainless steel. By
making the rotary shaft 53a and the rotary vane 54 in a non-magnetic
material, at the time of agitating the alloy raw meal powder in the magnetic
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.

[0026]
The supporting plate 51 is mounted on two guide rails 55 elongated in a

direction perpendicular to the up-and-down direction X. By shding 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
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upper surface of the the 2 in parallel therewith. The upper surface of the
supporting plate 51 is provided with a hydraulic cylinder 52 of a known
construction. A pneumatically driven type of notor 53 of a known
construction is nounted 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 afseathsppedeyfeling pppapriogahhemlsabe moditedrat theysahafguid@a and
the rotary vane__54 are made of a non-nmagnetic material such as 18-8

st ai nl ess slfSéEq 55 89 as@kb%gre@l%@my@agke @mgigrthn@lw‘ée tothe yavneZ4 in a

- [ ial .. h ' f [ ' . Al I wd
't ho magrioPe Chf paftging apraer byt Vil el ~QoRe e U e R EAOR o
the magrigft” I _ i “PrevEtted rom
201 1t Ton ofi4 RaCS A ST BN AR TR e AR St Db e The

magneti ¢ fiRhgditulddeA6dxis DIehsUpEerdfithe wipirearnd 1&@9,57?%&1@@% gn Bwo Aujdle

rails 55 elongated in a direction perpendicular to the up-and-down

di recti on XplaBy 58lmdidagf & hen-magpetit mgepladicmblinatdog thbeoturyddafiabBs 55,
the agitating apparatus 5 becones capabl e of noving back and forth relative
to the cavieltheamotary §&i Oncpitheaydindenh §2ppadarated dditherehydawear the mibpral so be

mounted on the sanme guide rails 55 sq as tao be freely noveabhl e back_and
forth rel atYa%e P4 thé pugdetgrmined Eﬁ’?é'é@ﬁ@séﬁiﬁ‘ﬁ%ﬁ%ﬁﬂar dﬁéﬁt@@p;sfi t a

2L Per (kAR RE00 T8 s A SnG 0 R e
ggnfEgggggsgpﬁ%?géﬁgﬁfﬂgy gﬂﬁﬁgﬁkgﬁﬁ%ﬁé£%LF%F?BEﬁ%?Pﬁgggﬂggf&%ﬁgmﬁ%$g? 53.
Once the cyhimieh preSedchiiahedllod tRENRRY podiiRt I fRni ¢hdpyng out to the
outside of the cavity 22 during agitation.
[0027]

According to this configuration, when the alloy raw meal powder P is
oriented in the magnetic field, the flowability of the alloy raw meal powder is
improved by adding the lubricant to the alloy raw meal powder P, and the
alloy raw meal powder P that is filled into the cavity 22 and is high in
ﬂowaﬁility 1s agitated while charging the alloy raw meal powder with the
magnetic field. As a result of the above, the positional relationship inside
the cavity 22 among the particles of the alloy raw meal powder P can be
changed from the state at which it was initially filled into the cavity 22. In
combination therewith, as a combined effect, the chances of combining the
crystal fractures of the alloy raw meal powder P having more equal crystal
orientational relationship increase. Once the crystal fractures having the
same crystal orientational relationship get combined, strong bonding chains
are formed, and the crystal fractures get joined together without clearance in
the direction of magnetic orientation. By executing compression molding in
this state, there can be obtained a high-density molded body M {(see FIG. 5)

without disturbance in the orientation. As a result of increase in the
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vane 54 to a predeterm ned position inside the cavity 22, the lid body 56
cones into abutnment with the upper surface of the die 2 to thereby close the
upper part of the penetrating hole 21. The lid body 56 thus perforns the
function of preventing the alloy raw neal powder P from junping out to the
outside of the cavity 22 during agitation. (00271 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*lubricant to the alloy raw neal powder P, and the alloy raw neal powder
P that is fstrbegthi off thet ineldeavbddy, 2Re antk bBodviuglence off linwabplabley predwgst at ed
whil e charging the alloy raw nmeal powder with the magnetic field. As a
result of t¢sn hpdvweredhanggsmoldashbodie Mipermangnt megdet) ofthighbamagyetlo anong

the particles of .the all oy raw.,neal powder P.can be  changed from.t state
at which | (PWRETHR s4mbpyphERBedd Tt B asec A F?S@gb.mﬁﬁl‘ A BrrhaHp Afe

t herew t h, i ef:if e thesghances of conbidy ng.the ..crysta
fractures dRphsR8 BEHE PafiahEd vo SBACEIRE IR, REPR 2 Jir i hpRedd
orientationgl .56l 6551908 MoBy) HERERSE Ent siabefhaghuges having the
sanme crysta agri eﬁ}{latﬂl onal y]r el aﬂ%?ong%%ﬁggtgbggn‘g?ne%, es?t rong bondi ng chains
are formed, [@odsijhe crystal fractures get joined together w thout clearance
in the direction of magnetic orientation. By executing conpression nol ding
in this state, Thowreitharfdenchtalhed. a4 thrgipldens ideycipticie sl ddymmti¢ o€e FI G
5) wthout disturbance in the ori_en&ation. As a result of increase in the

12 strengt hther mapdagvgne B6Yd HenB MNiddedd wstem) ehetered magreteptEibite

product ™ canbe | aiered 20, 3 TR BRk A (peLTnent TROnEL)Of P
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obtained. 32 js positioned at the upper end (see FIG. 1), the hydraulic cylinder is
actuated to raise the die 2 to a predetermined position so that a cavity is
defined inside the penetrating hole 21. Then, by the powder feeding
apparatus (not illustrated), the alloy raw meal powder P that has been
weighed in advance and to which a lubricant has been mixed in a
predetermined mixing ratio is filled into the cavity 22, and the powder
feeding apparatus is retreated. In this case, the charging density of the alloy
raw meal powder P in the cavity 22 is set to be 2.2 ~ 3.9 gfcc in order to
prevent the alloy raw meal powder P from getting unbalanced or in order to
leave freedom to move at the time of agitation (see FIG. 2).

{0029]
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 body 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 cévity 22 (see FIG. 3).
In this state, the coils 42a, 42b of the magnetic field generating apparatus 4
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[0028) Then, with reference to FIGS. 1 through 5, a description wll be
made of the manufacturing of Nd-Fe-B (Nd-Fe-B system sintered magnet.
First, froma waiting position in which each of the upper surfaces of the
die 2 and the lower punch 31 are flush with each other and in which the
upper punch 32 is positioned at the upper end (see FIG 1), the hydraulic
cylinder is 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 ghtid ¢hargadaneh elpdricoPawet Ang, Hubhe dangndtis fiskl rthei setpri b3 as

' éZS?LS%%&%M FErhi@ie dap datan, en S1cin B ERBARL Gireitinn ] of 1 ne
alloy raw#gal, 0}1‘%%&&% {otithen ﬁ%gh%rﬁeétéﬁ &l 1m‘699f[§%~§bl§ to r@ﬁ%&%lgﬁ% or in

order to preven raw mea Tro ng u

order to ;t?%fe[tﬁ?éjﬁ éfhtﬁ@‘ﬁeuﬁ@het ﬁ%ghbﬁ@ field @ﬂhtrﬁhgé’ Bf 696050 Kl $8 kB,

[ 00291 Then e agitating apparatus is moved so tRat the rotary shaft
53a of thepl@ﬁél@ﬂ)lﬁamlﬂ)@esﬁﬁk@éedIf@hetrh&gﬂléﬂﬂgﬁé]ddmlﬁ@h&@Xis&w@eikérhﬁla@laifar of
upper and |ower punches 31, 32 (see FIG 2). Then, the notor 53 and the |id
plate 56 ak@e loyweroager hhm@l@ k(e mpithrtardd magpet nfibighsorietagioni andbdgh 56
thus comes into abutnent with the upper surface _of the die 2, thereby

bl ocki ng t HBagpplas pr@l@ﬁ%@éﬁa@m the pltasradat iTngadditeny in ondey far denalley ne,
cavity o2 (R0 Tt bejpact P fifd Doy Gheleadit 2o Rt aB s etk Ser i
field generg}lgﬁgrgg bt fhe 1oheRY aBRHOELertd Rofl-LS00 Pt Roralbly i 1 the

magnetic fi tuate O rotate t ero vane 54 in
the cavity @24(00 kRt iadd Heetary &anb his %c@@&i’t@d foR aob?éﬂetéﬁnﬁieﬁapéh@d kEgh

orientation, it is preferabl e to agitate with
time (1 ~ 5 seconds).
[0030] |

According to this configuration, even if the upper punch or the lower
punch 1s subjected to vibrations as in the conventional method, in case the
crystal fracture of the raw meal powder particles P1 that lie next to one
another in the direction of magnetic field orientation do not meet each other,
there will remain clearance among the alloy raw meal powder particles P1.
This results in failure to array the alloy raw meal powder particles P1 in the
direction of the magnetic field orientation. If the compression molding is
performed in this state, the orientation gets disturbed. ILike in the
embodiment, on the other hand, by orienting while agitating the alloy raw
meal powder P in a state in which the magnetic field is charged thereto, the
positional relationship among the particles of the alloy raw meal powder P
within the cavity 22 will vary from the state in which the alloy raw meal
powder was filled into the cavity 22. There will thus be many chances for
the crystal fractures of the alloy raw meal powder P that has more equal
crystal orientational relationship to be combined. Once the crystal fractures

having equal crystal orientational relationship get bonded with one another,

there will be formed a strong bonding chain. As shown in FIG. 4(b), the
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the agitating apparatus 5 in the magnetic field of a range of 5 kCe - 30
kCe, preferably, 10 kCe - 26 kCe. If the nagnetic field intensity is weaker
than 5 kOCe or stronger than 30 kCe, a sintered magnet of high orientation
and high nmagnetic properties cannot be obtained. In addition, in order for
the-alloy raw neal powder P filled into the cavity 22 to be mxed inits
entirety, the nunber of rotation of the rotary vane 54 is set to 100 -
50000 rpm preferably to 4000 rpm and the rotary vane is actuated for a
predeterm ned period of tinme (1 - 5 seconds). [0030] According to this

confi gur at i @iystfvAactdret Rt YBRRYL Rttt OdledRfick Oethe REREHohSofSHRIgRetied t o
vibrations as in the conventional nethod, in case the «crystal fracture of

t he raw neabripotedem par &i cleesePltd Hatml iae baexhape, oherebgnarimting nirt hae
direction of magnetic field orjentation do not neet each other, there wll
remai n cl eafligpedompbeentasion didhemaagratid figldwder particles PL.  This results
in failure tf@rray the alloy raw neal powder particles Pl in the direction
of the magne 9 lf]i eld orientation. If the conpression nolding is perforned

in this state, e orientatio et s-di stwurbed. Like in the. anbodi nent, on

the other hand, ;E/}nb?rilcggtthl%nsbglg@ﬁ%%da G Rt Héeaglgo&;leggﬁ}n eain"ﬁg\?ﬁ r Pin
a state in 1 At 1C +f. ] i : t S |t I
rel ati onshi %@léicng%%gﬂtg%@%g%‘%dc Itfelés%ggn?ﬁrefgf%gq? lg?vt% ﬁee”té)&hﬁo‘gﬁé? dS)P'F)ﬁlllvrvv‘:i @E?n t he

cavity 22 wild rotaey vhhe b4 Reawaip@wardWiithe dibe, ahldotheréntté®dle apiondas was
filled into the cavity 22. There will thus be many chances for the crystal

fract ures ofppdmtat bay shidwlommthepguderratstibatn thasehyoretragutl Incthistase,
orientational relationship to be conbined. Once the crystal fractures

havi ng equatheelpstrg clepcang s tonsoily dPat 48nsnll mogde Yonped Wheen.ohe dinot her
VORI RE L A IR S T RN TR
penetrating hole 21. In a state in which the magnetic field is charged,
compression molding of the alloy raw meal powder P inside the cavity 22 is
started by the pair of the upper and lower punches 31, 32.
[0032]

After a lapse of a predetermined time, the electric charging to the coils
42a, 42D is stopped and, in this state, compression molding at the maximum
pressure will be executed. Finally, the upper punch 32 is gradually lifted to
thereby gradually reduce the pressure. The compression molding is finished
and the molded body M is formed (molding step). According to the above
operations, compression molding is performed in a state in which the alloy
raw meal powder is joined in a direction of magnetic field orientation just like
molding a bar shape without clearance among the crystal fractures so as to be
in an array in the magnetic field orientation. Therefore, there can be
obtained a high-density molded body M (permanent magnet) without
disturbance in the orientation, and the magnetic properties are also
improved.

[0033]
The molding pressure in the molding step is set to a range of 0.1 ~ 1

t/cm2, more preferably to 0.2 ~ 0.7 t/fem2. At the molding pressure, e.g.,
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orientation in a manner to forma bar-shape, thereby arraying in the
direction of orientation of the magnetic field. 10031] Then, once the
agitation of the alloy raw neal 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 base 16 is lowered to insert the upper punch 32 fromthe
upper si de below 0fet/cpénéhe andldgd Hwidy ddes het hawve at sufificientti sthengdth. mégnet i c
field is charged

.COr Si | di f th |l _ I wd P insid
the cavity GRBle, df &Vesqring PHEakt ism Ehe melged badl IolRkerpaREREShS 1, 32
0032] After .a | f edet ined tidqre,.th | ectri h [ toth
coi s aza, 30 12 Of dBbelhlBE RIS St CHE thE oFsRecEbh” b G Mo R o
| ! gl . APt he |
"Tited to TRerar, thieadi R 8 bieh I8 ode i EorRRttn T Flor v R0 1 ¢

finished apewide Pohsigd badyaMiysad amedad Ohdinte, $idBIng AC GARGE NGhile the
above operations, conpression nolding is perfornmed in a state in which the

al loy raw omehtaponder stisickoouedf ishape dindealdcothat ivagneddsibifiteltdat the
orientation just |ike nolding a bar shape w thout clearance anong the
crystal fraeoldesshedy givesaidseto qraclksandsalits.n Inhadditigne the inteasidy of the

(per manent TGABHS RIS HotR® Tl AR 054 LorhE g et KUeon S0 HE thagnet | ¢
o ber 122 8ol RRted 0P oIy DLS 08, BESRRYIRel B bOBARAS
t/en2. At the ARl d BhRLSH St tiof -#hd high in magnetic properties. On the other
hand, if the intensity of the magnetic field 1s stronger than 50 kOe, the
magnetic field generating apparatus becomes too large to be practical.
[0034]

Subsequently, after having demagnetization by charging reverse
magnetic field of, e.g., 3 kOe, the die 2 is lowered to the lower end. The
molded body M inside the cavity 22 will then be pulled out to the upper
surface of the die 16. The die base 16 is moved to thereby move the upper
punch 32 to the upper end, and then the molded body is taken out. Finally,
the obtained molded body is contained in a sintering furnace (not illustrated)
to execute sintering for a predetermined period of time at a predetermined
température (1000°C) in, e.g., Ar atmosphere (sintering step). Further, aging
treatment is executed in Ar atmosphere for a predetermined period of time at
a predetermined temperature (500°C), thereby obtaining a sintered magnet
(Nd-Fe-B sintered magnet).

[0035]

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
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15 below 0.1 t/cnR2, the nol ded body does not have a sufficient strength. For
exanple, it gives rise to cracks when the nol ded body is taken out of the
cavity 22 of the nolding apparatus. On the other hand, at a nol ding
pressure exceeding 1 t/cnm2 a high pressure is exerted on the alloy raw neal
powder P inside the cavity 22 and, as a result, nolding is nmade while
orientation is struck out of shape and also there is a possibility that the
nol ded body gives rise to cracks and splits. In addition, the intensity of
thee magnetic field in the nolding step is set to a range of 5 kCe - 30 kCe.
| f the intdwsiiryctodn vhéherapmtcte ficldl dInsddéakerint tias emlko@imenheae thannot
be obtained _a product high in_orientation and high in nmagnetic properties.
On the ot hetrieHakign mfagpﬁ%mfmlérﬁsti the -bime 19¢ agiigiien; endimeplling, thererges t han
50 kCe, the netic field geperating, apparatus becones tap | arge be
practical . T%%gg]“ﬂ§5b§5ﬁﬁ@ﬁglﬁgkg}ﬁéghﬁﬁvﬁﬁblﬁéﬁﬁaﬁép?%éFP FIB§ %%%ﬁ%ing
reverse LG f . €10 .3 A1.Q: 2: ] ' ower
end. The mra%gg{el%ﬁ%%@ ﬁf%n%?tdce}%qgg ) cle?@i?{] 9&%61\%%&?%@ ﬁh%ﬁe@%%’ﬁﬁq’le%% n%%fb% o the
upper surfag ofs SHRvdiig B dhg Iﬁhgn@ﬁlé‘%ul&a Ga1dBY §hibR thRenedysifpye the
upper punch 32 to the upper end, and then the nolded body is taken out.
Finally, tihegabtiafiskbipspudidifedyries stanpaddeestnhimed cyclet elhnbid ¢esapgse (not
illustrated) to execute sintering for a predetermi ned period of tinme at a
pr edet er m ngwwn enpErat Uit enf1 bO6Carianged. ihat réverae mespiesicdiqldiintkaiged. st ep) .

Furt her, agiﬂb‘% areat ment is executed in Ar atnosphere for a predeterm ned
period of ti 3§ a predeterm ned tenperature (500C), thereby obtaining a

AR ARINA R SR R, S AN MR R

mol di ng di rﬁ‘fc}yi M i.rr?eéi%romg e Ale fithd $feagitation and molding of the alloy raw
meals powder P, the orientation can further be improved. In this case, the
period of pulse is preferably 1 ms ~ 2 s and it is preferable to set the
non-output time below 500 ms. If this range is exceeded, strong bonding
chains will be broken, with the result that a high orientation cannot be
obtained. In addition, in case the magnetic pulse field is charged, the peak
value shall preferably be set to 5 ~ 50 kOe. If the magnetic field intensity 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 magnetic field is
stronger than 50 kOe, the magnetic field generating apparatus becomes too

large to be practical.

[0037]

In the embodiment, a description has been made of an example in which
a rotary vane 54 of screw vane type is used as the agitating means {(rotary
agitation). However, without being limited thereto, there may be used one
in which a rectangular scoop {not illustrated) provided with a driving means
such as a pneumatic cylinder is attached to a front end of the cylinder rod 52a
of the hydraulic cylinder 52 so as, in a state in which the scoop is buried into
the alloy raw meal powder P, to reciprocate the scoop horizontally over the

entire length in the radial direction of the cavity 22 at a predetermined cycle
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direction of magnetic field. Wthout being limted thereto, there may be
used a nol ding apparatus in which the nolding direction is in parallel with
16 the direction of the nmagnetic field. In addition, in this enbodinent, as
the orientation nmagnetic field at the tine of agitation and nolding, there
was used a static magnetic field in which the intensity per unit tine of
the nmagnetic field does not change. Wthout being limted thereto, there
may be used, as shown in FIG 6, a magnetic pulse field in which the
intensity of nmagnetic field per unit tine varies at a predeterm ned cycle.
In this cafmrimmtalkkgimtion).Fl G thisi taswayatbehs otiarer afigedatshaigitaainr 92
magnetic field is_charged. [00361 According to this_ configuration, since
vi br at i onshexdgonfal les, the elindey|rpd\p2eanaldg mpesdiup amdadowhesotisite of

agitation and | di t all oy raw al.s. pgwder .P, _the orientation can
further bemlﬁﬁﬂgygﬂﬂgPﬁzh%ﬁoyc%%qaﬁé’o“@ﬁgﬂp&e @Ye4s preferably 1 s -
2 s and it L@O%eferable to set the non-output tinme below 500 ns. If this
range i s extee Jd, strong bonding chains will be broken, with the result

that a high orgedhal;ngNheaRedly Pehe 0LAIAB s Bf%&i@gﬂa%%aﬂfdﬁ, %@Slsn%fae

magnetic pulse field i's chargéd, the peak value sh preferably be set to

5 - 50 kCemiking &n begngld, duirirgd sbitatiensiotas tosminvelak @tholdantie Kdey rdder e
cannot be obtained a product high in orientation and high in magnetic
properti esme@h poweleptther thanaity £21 theredgmet particuddmlingtatssr. odgenay ban 50
kCe, the magnetic field generating agparat us becones too |arge to_be

practi cal . of bestype |tn gemerawnad; Hewt buk nyetesablyt itovhalhderelen e drtan

e e P VB Y2 SR YR b 5 Bt ner o,
E?g\r/ie dggyw??ﬁPZ{? F?@I%nﬁdtgggﬁ'saﬁg, Phd3CHANINL ApiGRRAR 4 Bahald VHRE tBhETH
which substantially L-shaped plate pieces 54a are provided on the rotary
shaft while deviating by 90 degrees (see FIG. 7(a)); a ribbon vane type in
which vanes 54b are provided spirally (see FIG. 7(b)); and an anchor vane
type in which plate pieces 54c are provided so as to extend horizontally
relative to the rotary shaft (see FIG. 7(c)). Depending on the selected rotary
vanes, the number of rotation and time of agitation are appropriately set.
On the other hand, not only the rotary agitation and horizontal agitation as
the agitation means, there may be employed one in which a gas nozzle is
provided at the front end of the cylinder rod 52a to thereby constitute an
agitating means made of a non-magnetic material. A high-pressure gas may
thus be intexmittently or continuously ejected so as to agitate the alloy raw
meal powder P in the cavity 22.
[0039]
In the embodiment, a description has been made of an example in which
a uniaxial pressurizing type of compression molding apparatus 1 is used to
mold the powder. Without being limited thereto, an isostatic molding
apparatus (not illustrated) using a rubber mold may be constituted. In this

case, this rubber mold constituting the filling chamber is filled with alloy raw

meal powder P, and then an orienting step is performed to agitate in the
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such as a pneumatic cylinder is attached to a front end of the cylinder rod
52a of the hydraulic cylinder 52 so as, in a state in which the scoop is
buried into the alloy raw neal powder P, to reciprocate the scoop

hori zontally over the entire length in the radial direction of the cavity
22 at a predeterm ned cycle 17 (horizontal agitation). In this case, at the
time of rotary agitation or horizontal agitation, the cylinder rod 52a may
be noved up and down so as to mix the whole of the alloy raw meal powder P
inthe cavity 22. [0038] Regarding the rotary vane 54 in the case of rotary

agi t at i omagastit diedd s thel aditgic@apbaramdes. ddmithg odBét Bhh@Nthedd Mgyt o m X
the whole of the alloy raw neal powder P in the cavity 22, there is no
parti cul e peifaimadisosecond meldinge stepfint Whidhyie moldpelerdst ¥ abtaiiddby but
preferably it _shall be of a shape that hardly crushes the all oy raw neal
powder ditie mpleigigt steporm the wisiial pressrzing type of temmgessignvapkling her e nay

be enpl oyed: ddl e. vane t i whi ch substantially,.L-shaped pl ate

pi eces SAPHR u%?loﬁ 386&(‘}?‘5 Pﬁg‘fqdoggrvsmghﬁh? 1?7%%"[1%(’ d@g?/dé?gr?d) 98- degr ees
(see FI . [ Y [ i -Aravided

spirall ;C/iﬁl éo%é%r?g &? té{%?@%%%%%’ gﬁ% h(;c}):rC u%ﬁlgg ﬁgékgﬁﬁd?%@l% %’t (LgH%i eces 54c
are providethdSerodtict Bkt eBgud i zontal ly relative to the rotary shaft (see
FI G 7(0)8. Dependi ng on the selected rotary vanes, the nunber of rotation
and tine [df0483di t ati on are appropriately set. On the other hand, not only

the rotary agitation and horizontal agitation as the agitation nmeans, there
may be enpl ogéut}@ﬁ,em thepinbrdimepais the zempressiop malditerappanadies flroas end of

e e SR S TR EOLRt b Bl S ShARS B MR 2
gg\r/]it ![ Sug%g%k%%ﬁg‘;ﬁé %qlofrora%vs mte%l %%'wtd%tr% tu? thé lnlle? nertfac\'\fielﬁ'.aabu%gg\@&erntﬁr, in the
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
powder that has been obtained in the above procedure is filled into a box body
of Mo make having an upper opening and is subjected to agitation by the
above-described agitating apparatus 5 for a predetermined period of time in a
static magnetic field. Thereafter, the agitating apparatus 5 is retracted and,
without demagnetizing, a lid of Mo make is mounted on the upper opening of
the Iid body. -Thereaf‘ter, the magnetic field 1s attenuated and subsequently
the box body with the lid mounted 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 kOe, and the box body is formed
into a cube of 7 ecm. And a sintered body was obtained 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.
[0041]
Further, in the embodiment, a description has been made of an example

of manufacturing a sintered magnet. However, this molding apparatus 1
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In the enbodi ment, a description has been made of an exanple in which a

uni axi al pressurizing type of conpression nolding apparatus 1 is used to

nol d the powder. Wthout being limted thereto, an isostatic nolding
apparatus (not illustrated) using a rubber nold may be constituted. In this
.case, this rubber nold constituting the filling chanber is filled with alloy
,raw neal powder P, and then an orienting step is perforned to agitate in
~the 18 nmagnetic field by the agitating apparatus 5. On the other hand, there
*may be perforned a second nolding step in which the nol ded body M obtai ned

by thecamlidi appEé&Rol Mahitadgitiay & afr @SSwelZbdly by PSri®itie® PoRaksi on

nol ding apparatus 1 is further nolded by using the isostatic nolding

appar at wich pokeratisrig the mhgsettofitldyor ateictuic fiehk aackihiereby subjectingcks and
splits in the nolded product can be reduced. 100401 Further, in the
enbodi nils oriended bagy de spmpressien mpldigar farexameple, theveg¢andebisieflact ure an

oriented body b ri.enting.,in the | t ield ile agitating.the allo
raw nea?hepdﬁé’éﬁlyaﬁg‘i‘ﬂng h%{ng‘ﬁ’ﬁﬂ’ét?]g“ﬁgg@?’Néugg eﬁ’@é‘ﬁ?‘-ﬂy? p’@%ﬁﬁ%‘%’%ﬁ%én mol di né
was exe i t of i agnetic field. However, the

foisl oi/(vi ﬁé%\aglglh?r%@e %g%éﬁ%ﬁgfg%gﬁghggn}sgﬁe%% lg'l : oy Iraw meal p\c/)wder t hat has

been obt pBABHDERcHNGoRBPMR pgmgp%qe is filled into a box body of M nake
havi ng an upper opening and is subjected to agitation by the

above- dep@g4ided agitating apparatus 5 for a predeterm ned period of time in
a static magnetic field. Thereafter, the agitating apparatus 5 is retracted
and, w t holilGddnmesgnesdheimegic sidw df af nhddingk epparatoanibe dxenutihg thpper
opening of  the lid pody, Thereafter, the magnetic field is attenuated and
subsequaithgd of mamyactyamg steordingdo this wygRtien N & ssradBYPasition: | s into a

o nveri 0 [4igace , TOLEILST 08, 9. 0PLALD. BLSIRSTK PR RS9, o
and the  BRx RA%sIsholi AEFIG. 1;

FIG. 3 is a schematic view illustrating the operation (orienting step) of
the molding apparatus as shown in FIG. 1;

FIG. 4(a) is a schematic view illustrating the magnetic field orientation
according to the conventional art, and FIG. 4(b) is a schematic view
ilustrating the agitating magnetic field orientation of this invention;

FIG. 5 is a schematic view illustrating the operation (molding step) of
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; and

FIG. 8(a) through FIG. 8(c) are perspective views showing other
embodiments of rotary vanes to be used in an agitating apparatus.

[Description of Reference Numerals)
[0043]
1 compression molding apparatus
2 die '
21 penetrating hole
22 cavity
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into a cube of 7 cm And a sintered body was obtained by setting the nunber
of rotation of the agitating apparatus 5 to 40000 rpm and the tine of
agitation to 2 seconds. As a result, average nagnetic properties of Br =
15.01 kG (BH) max = 55.1 M5 Ce and the degree of orientation of 99% were
obtai ned. (00411 Further, in the enbodi ment, a description has been nade of
-an exanple of manufacturing a sintered magnet. However, this nol ding
.apparatus 1 19 can be applied to manufacturing of an oriented body by
"orienting powder which polarizes in the magnetic field or electric field,
*and then by subjectin this oriented body to conpression nol ding. For
exanpl e, tids82ca®uBshpssted the manufacturing of silicon nitride (SiaN4)

by nol di ng predetermined powder in the magnetic field and then sintering
" Do of GeBRERERORebl CrE A BRI 00921 FI G 3 1S A schematic view

of a nmoldin xecuting the method of manufacturing according
to this invgnﬁﬁgﬁhgﬁggpégéﬁ %y position; FIG 2 is a schematic view
illustrating thRagpesadion of the nolding apparatus as shown in FIG 1;

FIG 3 is a schemdatic viewillustrating the operation (orienting step) of

t he nol di ngeappabaliys as shown in FIG 1; FIG 4(a) is a schematic view
illustrating the magnetic field orientation according to the conventi onal
art, and FI 8 4liidp)raw meeadqiommeti c view illustrating the agitating nmagnetic
field orientation of this invention; FIG 5 is a schematic view illustrating
the operation (nolding step) of the nolding apparatus as shown in FIG 1
FIG 6 is a graph illustrating the magnetic pul se field;
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FIG 7 is a graph illustrating a nodified exanple of the magnetic pul se
field; and FIG 8(a) through FIG 8(c) are perspective views show ng ot her
enbodi ments of rotary vanes to be used in an agitating apparatus.
[ Description of Reference Numeral s] (0043} 1 conpression nolding apparatus
.2 die 21 penetrating hole 22 cavity 20 31, 32 punches 4 magnetic field
« generating apparatus 5 agitating apparatus 54 rotary vane 56 |lid body P
<all oy raw neal powder 21 WHAT IS CLAIMED IS: 1. A nol di ng appar at us
~conprising: a filling chanber filled with powler that is polarized in one of
nmagnet i WHATdBChAIMERESY i c fiel d; means for generating one of nagnetic
field and electric field so as to enable to charge the powder filled in the
filling chahbeAmphdhng)appmfatuheomM@m| c field and electric field; an

SRR TR L RL LR R
pressurﬁezlidnaghdrelgg i 1geldappl ying a conpression force in one of the
means for generating one of magnetic field and electric field so as to
enable to charge the powder filled in the filling chamber with one of the
magnetic field and electric field;
an agitating means for agitating and ortenting the powder in a state of
being charged with one of the magnetic field and electric field; and
a pressurizing means for applying a compression force in one of the
magnetic field and electric field to the powder that has been agitated and
oriented, thereby molding the powder.

2. The molding apparatus according to claim 1, wherein the agitating
means is disposed in a manner to be movable into and out of the filling

chamber.

3. The molding apparatus according to claim 1 or 2, wherein the filling
chamber has an opening for filling the powder therethrough, and wherein a
Iid body is provided integral with the agitating means in a manner to close

the opening when the agitating means is moved into the filling chamber.

4. The molding apparatus according to any one of claims 1 through 3,

wherein the agitating means is constituted by a non-magnetic material.
5. The molding apparatus according to any one of claims 1 through 4,

wherein the means for generating the magnetic field is capable of generating

static magnetic field in a range of magnetic field intensity of 5~30 kOe.
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magnetic field and electric field to the powder that has been agitated and
oriented, thereby nolding the powder. 2. The nol di ng apparatus according to
claim1l1, wherein the agitating neans is disposed in a manner to be novabl e
into and out of the filling chanber. 3. The nol di ng apparatus according to
Llaiml or 2, wherein the filling chanber has an opening for filling the
.powder therethrough, and wherein a |id body is provided integral with the
-agitating neans in a nmanner to close the opening when the agitating neans
s noved into the filling chanber. 4. The nol di ng apparatus according to any
one of claims IThdildihgSappaheiehicorfiia® &y bhg ofRddisd § thesgdh guted by a
non-magnetic material. 5. The nol ding apparatus according to any one of
cl ai n8 Whdreoughe meanstfor genetdimgBanmagoetigdindd as capphilbef gageetting fiel d is
capabl e of generatin static magnetic field in a range of magnetic field
i nt ensi tyaghets palsg &eld xpagange el psigaetly f@é@m@m@mé%&r@ﬁ k§eto any one of
clains 1 through 4, wherein the neans for generating the nagnetic field is
capabl e of generating nagnetic pulse field in a range of nagnetic field
intensity of~5 T | di r at r di ny one of
clains 1 thr%ugﬁhggngﬁﬁ%gépﬁaﬂﬁggg%ggggnggggp 6§%ﬁgﬁﬁ%%%ingaﬁl %br
rar e- eard R RIPRE poler A AR rd R AR HowRRWASK riiet HEHRMERE! tHeathdy
guenchi ng net hod. " 23

raw meal powder being manufactured by quenching method.
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