SPECI FI CATI ON  PERVANENT MAGNET AND METHOD OF MANUFACTURI NG SAME [ Techni cal
Field] [0001] The present invention relates to a permanent nagnet and a

met hod of nmanufacturing the permanent nmagnet, and nore particularly rel ates
to a permanent magnet having hi gh magnetic properties in which Dy and/or Tb
is diffused into grain boundary phase of a Nd-Fe-B based sintered nmagnet,
and to a nethod of manufacturing the pernmanent magnet. [Background Art]

[ 0002] A Nd- Fe-B based sintered magnet (so-called neodym um magnet) is nade

of a conmbination of iron and ele d B that are inexpensive,
abundant, and stably obtainable éﬁﬁ@gféﬁﬁgﬁ]ces and can thus be

manuf actured at a | ow cost and additionally has high nmagnetic properties
(its maxi num ener gy product is about 10 times that of ferritic magnet).

Accordingly, the Nd-Fe-B baspgngh RIS WE@We been used in various
ki nds of articles such as electronic devices an ave recently come to be

adopted in nmotors and METHOD QFrMANUFACTURING SAMErs. [0003] On the
other hand, since the Curie tenperature of the above-described sintered

magnet is as |ow as about 300C, there is a problemin that the Nd-Fe-B

sintered net sonet idges rises in tenperature beyond a predeterm ned
terrperatupﬁ'ﬂtﬂ?ﬁ@wd' n the circunstances of service of the product to be

enpl oyed aﬂg}@gerefore that it will be demagnetized by heat when heated
beyond t he eterm ned tenperature. In using the 1 above-descri bed

sintered magngy, i Iﬂ‘egerq\;e flvesdidy Pquf’ets totg'% Fm3hent %fgne\%hfr{f a method of

manufacturing the permanent magnet, and more particularly relates to a
permanent magnet having high magnetic properties in which Dy and/or Th
is diffused into grain boundary phase of a Nd-Fe-B based sintered magnet,
and to a method of manufacturing the permanent magnet.

[Background Art]

[0002]

A Nd-Fe-B based sintered magnet (so-called neodymium magnet) is
made of a combination of iron and elements of Nd and B that are
inexpensive, abundant, and stably obtainable natural resources and can
thus be manufactured at a low cost and additionally has high magnetic
properties (its maximum energy product is about 10 times that of ferritic
magnet). Accordingly, the Nd-Fe-B based sintered magnets have been used
in various kinds of articles such as electronic devices and have recently
come to be adopted in motors and electric generators for hybrid cars.

[0003]

On the other hand, since the Curie temperature of the above-described
sintered magnet is as low as about 300°C, there is a problem in that the
Nd-Fe-B sintered magnet sometimes rises 1n temperature beyond a
predetermined temperature depending on the circumstances of service of
the product to be employed and therefore that it will be demagnetized by

heat when heated beyond the predetermined temperature. In using the



the sintered magnet nust be fabricated into a predeterm ned shape. There is
then another problemin that this fabrication gives rise to defects (cracks
and the like) and strains to the grains of the sintered nagnet, resulting in
a renmarkable deterioration in the nmagnetic properties. [0004] Therefore,
when the Nd-Fe-B sintered nagnet is obtained, it is considered to add Dy
and Tb which largely inprove the grain magnetic anisotropy of principal
phase because they have nagnetic ani sot r opy of Af - el ectron | ar ger than t hat
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of Dy andaf® the likeprnadeiteaitisndtHehiainesdtid sinherddommshet, nre@ulﬂuhgnm fahi ckness
of above 3 pm depending on the volunme of the magnet) over the entire

surface ofemmackalide det@1eyaticn buthmmagnetichpenpediascecut e heat treatment at a
predeterm ped tenperature; and to thereby honogeneously diffuse the Dy and
Tb that ha en deposited (forned into thin filn on the surface into the
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4f-electron larger than that of Nd and because they have a negative Stevens
factor similar to Nd. However, since Dy and Tb take a ferrimagnetism
structure having a spin orientation negative to that of Nd in the crystal
lattice of the principal phase, the strength of magnetic field, accordingly the
maximum energy product exhibiting the magnetic properties is extremely
reduced.
[0005]

In order to solve this kind of problem, it has been proposed: to form a
film of Dy and Tb to a predetermined thickness (to be formed in a film
thickness of above 3 um depending on the volume of the magnet) over the
entire surface of the Nd-Fe-B sintered magnet; then to execute heat
treatment at a predetermined temperature; and to thereby homogeneously
diffuse the Dy and Tb that have been deposited (formed into thin film) on
the surface into the grain boundary phase of the magnet (see non-patent
document 1).

[0006]

The permanent magnet manufactured in the above-described method
has an advantage in that' because Dy and Tb diffused into the grain
boundary phase improve the grain magnetic anisotropy of each of the grain

surfaces, the nucleation type of coercive force generation mechanism is



strengthened; as a result, the coercive force is dramatically inproved; and
t he maxi mum energy product will hardly be lost (it is reported in non-patent
docunent 1 that a magnet can be obtai ned having a perfornmance, e.g., of the
remanent flux density: 14.5 kG (1.45 T), nmaxi mum energy product: 50 M3XCe
(400 kJ/ nB), and coercive force: 23 kCe (3 MW m). (Non-patent docunent 11

| nprovenent of coercivity on thin Nd2Feld4B sintered permanent nmagnets (by
Pak Kite of Tohoku University, Doctor Thesis, March 23, 2000) (Disclosure
of the Invention] [Problens to be Solved by the Invention] (0007] For
exanpl e, strenghensdy @sva regiltethe coenciveeforee ds saamatiaallynimpraved: andi ckness
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addition, since there is uSed Dy and/or Tb'that Is scanty as nat ur al

r esour cesMiBOe 4460 &iJhas)s upd doeodivelibed: 2akoat (M AFxdected, it is necessary
to inprove the productivity by efficiently executing the filmformation of
Dy and/ or{ Nonwatene doonfreed bl  tIhprevement dfnengmeivitandnt thindNideBsiaBn of Dy
and/or Tb into the grain boundary phase of the sintered nagnet. (0008]
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[0007]
For example, if the coercive force is further increased, even if the
thickness of the permanent magnet is made smaller, there can be obtained a
permanent magnet having a stronger magnetic force. Therefore, in order
to attain a reduction in size, reduction in weight, and low power, it is desired
to develop a permanent magnet having a still higher coercive force and
higher magnetic properties as compared with the above-described prior art.
In addition, since there is used Dy and/or Tb that is scanty as natural
resources and a stable supply of which cannot be expected, it is necessary to
improve the productivity by efficiently executing the film formation of Dy
and/or Tb on the surface of the sintered magnet and the diffusion of Dy
and/or Tb into the grain boundary phase of the sintered magnet.
[0008]
Therefore, in view of the above points, a first object of this invention is
to provide a permanent magnet having an extremely high coercive force and
high magnetic properties. A second object of this invention is to provide a
method of manufacturing a permanent magnet having an extremely high
coercive force and high magnetic properties at high workability.

[Means for Solving the Problems]



3 [0009] 1In order to solve the above problens, a nethod of manufacturing a
per manent nmagnet according to claim1l conprises: a first step of causing at
| east one of Dy and Tb to adhere to at |east part of a surface of

I ron-boron-rare-earth based sintered nmagnet; and a second step of diffusing,
t hrough heat-treatnent at a predeterm ned tenperature, at |east one of Dy
and Tb adhered to the surface of the sintered magnet into grain boundary
phase of the sintered nagnet, wherein the sintered nagnet is manufactured
by: m xi ng, each powder of principal phase alloy (constituted primarily by
R2T14B pha[sQé),O ere Ris at |least one rare earth elenent primarily

I ncl udi ng Nd and ere T.is transiti netal prinmari I n¢l udi ng Fe), and
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According to this invention, the sintered magnet manufactured by the
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phase alloy are separately ground, and thereafter nolded and sintered, are
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rare-earth-rich phase of the grain boundary becones faster, and the netal
including Nd and where T is a transition metal primarily including Fe), and

a liquid phase alloy (having a higher content of R than R2T14B phase and
primarily constituted by R-rich phase) in a predetermined mixing ratio;
press-forming in magnetic field a mixed powder thus obtained; and sintering
a press-formed body in one of vacuum and inert gas atmosphere.

{0010]

According to this invention, the sintered magnet manufactured by the
so-called two alloy method in which the principal phase alloy and the liquid
phase alloy are separately ground, and thereafter molded and sintered, are
large in grain and round in shape (ie., less nucleation site), good in
orientation, and rare-earth (Nd)-rich phase present in grain boundary
increased with good diffusion (i.e., the rare-earth-rich layer that is
non-magnetic and increases the coercive force by magnetically insulating
the principal phase is diffused while increasing in more than double as
compared with the one manufactured in a so-called one alloy method).
Therefore, by executing the above-described processing on this sintered
magnet, the velocity of diffusion of the metal atoms of Dy and Tb into the
rare-earth-rich phase of the grain boundary becomes faster, and the metal

atoms can be efficiently diffused in a short time. In addition, since the



atons can be efficiently diffused in a short tine. In addition, since the 4
concentration of Dy and Tb in the rare earth-rich phase, which is good in
di ffusion, can be effectively increased, there can be obtai ned a permnent
magnet that has still higher coercive force and hi gher magnetic properties.
[0011) Preferably, the sintered nmagnet is disposed in a processi ng chanber
and heated; an evaporating material conprising at |east one of Dy and Th
and di sposed in one of a sane and anot her processing chanber is heated and
caused to be evapora vapqrated eva onqﬁi rial, is gaused to
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magnet that has been heated to a predeterm ned tenperature, At that tine,
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are performed in a single processing (vacuum vapor
evaporating material are diffused into the grain boundary phase of the
sintered magnet before a thin film made of the evaporating material is
formed on the surface of the sintered magnet; and the first step and the
second step are performed.
{0012]

According to this configuration, the evaporated evaporating material
(metal atoms or molecules of Dy and/or Th) are caused to be adhered by
being supplied to the surface of the sintered magnet that has been heated to
a predetermined temperature. At that time, the sintered magnet is heated
to a predetermined temperature to obtain an adequate diffusion velocity and
also the amount of supply of the evaporating material to the surface of the
sintered magnet is adjusted. Therefore, the evaporating material that has
been adhered to the surface is sequentially diffused into the grain boundary
phase of the sintered magnet before the thin film is formed (i.e., the supply
to the surface of the sintered magnet, of Dy and/or Th, and the like, and the
diffusion into the grain boundary phase of the sintered magnet, of Dy and/or
Tb, and the like, are performed in a single processing (vacuum vapor

processing)). Therefore, the surface conditions of the permanent magnet

are substantially the same as those before the above processing is performed.



processing)). Therefore, the surface conditions of the permanent magnet are
substantially the sane as those before the above processing is perfornmed. 5
The surface of the nmanufactured permanent magnet can thus be prevented from
getting deteriorated (surface roughness from becom ng worse) and, in
particular, the diffusion of Dy and/or Th is restricted from bei ng
excessively diffused into the grain boundary near the surface of the
sintered magnet. As a result, subsequent steps are not particularly
required, thereby attaining a high productivity. (0012& In this case,
because t hbeguatarepfutteampmriaciared peppanent rergmet- ¢are phup hasreyenisdase
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di sposed attaanigigsa higlepfodymtbatyh ot her, when the evaporating material is
evapor at ed thei nel ted evaporating material can advantageously be prevented
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will be a permanent magnet of high magnetic properties. Further, in case

there have occurred defects (cracks) in the grains near the surface of the

sintered magnet at the time of working the sintered magnet, there is formed

a Dy-rich or Th-rich phase on the inside of the cracks, and the

magnetization intensity and the coercive force can be recovered.

{0014]

In the above processing, if the sintered magnet and the evaporating
material are disposed at a distance from each other, when the evaporating
material is evaporated, the melted evaporating material can advantageously
be prevented from getting directly adhered to the sintered magnet.

[0015]

If a specific surface area of the evaporating material to be disposed in
the processing chamber is varied to increase or decrease the amount of
evaporation at a constant temperature, the amount of supply of the
evaporating material to the surface of the sintered magnet can
advantageously be adjusted easily without the need of changing the
configuration of the apparatus such as by providing the processing chamber
with a separate part to increase or decrease the amount of supply of the

evaporating material,



configuration of the apparatus such as by providing the processing chanber
wWth a separate part to increase or decrease the anmount of supply of the
evaporating material. 6 [0016] Preferably, prior to the heating of the
processi ng chanber that has di sposed therein the sintered nagnet, the
processi ng chanber is reduced in pressure to a predeterm ned pressure and
Is kept to that pressure. [0017] In this case, after having reduced the
pressure in the processing chanber, the processing chanber is heated to a
predeterniped tienperature and is kept at the tenperature in order to
accelerate(xﬂélrennval of the stains, gas, and noisture adsorbed on the
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execut ed fPB01%lenovi ng strains of the pernmanent nagnet at a tenperature that
is lower than the said tenperature. Then, there can be obtai ned a pernanent
magnet of hi ghnntyaetass, pafbpre havang | redmepd hthen @ressymet in atbeoprocesemgi ty  and
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stains, gas, and moisture adsorbed on the surface of the sintered magnet.
[0018]

On the other hand, prior to the heating of the processing chamber that
has disposed therein the sintered magnet, preferably cleaning by plasma is
executed of the surface of the sintered magnet in order to remove an oxide
film on the surface of the sintered magnet.

[0019])

After at least one of Dy and Tb has been diffused into the grain
boundary phase of the sintered magnet, heat treatment is executed for
removing strains of the permanent magnet at a temperature that is lower
than the said temperature. Then, there can be obtained a permanent
magnet of high magnetic properties in which the magnetization intensity
and the coercive force are further improved.

[0020)

In addition, after having diffused Dy and/or Tb into the grain
boundary phase of the sintered magnet, the permanent magnet may be
manufactured by cutting it into a predetermined thickness in a direction
perpendicular to the direction of magnetic orientation. According to this
configuration, as compared with the case in which the sintered magnet of a
block form having predetermined dimensions is cut into a plurality of thin

pieces, they are then housed by disposing in this state in the processing



perpendi cular to the direction of magnetic orientation. According to this
configuration, as conpared with the case in which the sintered magnet of a
bl ock form having predeterm ned dinensions is cut into a plurality of thin
pi eces, they are then housed by disposing in this state in the processing 7
chanber, and they are then subjected to the above-descri bed vacuum vapor
processing, the taking the sintered magnets into, and out of, the processing
chanber can be perforned in a shorter tinme. The preparatory work of

executing the vacuum vapor pyocessin econes_sinplified and the
product i vFgmpeR ad | Fagy a%aflel[t @Hgmcgeff & the abeye es¢Hbed ¥ agRHIeY &P ragnet
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phase has Dy-rich phases and further since the Dy is diffused only near the
surface opradetiyiai cen bdhmpeboed, even in case the permanent nagnet is
obt ai ned by cutting the sintered magnet into a plurality of thin pieces in
a subsequet@0&klep, the magnetic properties are prevented fromgetting
deteriorated. _I n_conbi nat'oH wi.th tge fact that the fipishing work is not
required, thef® un B0l & PetinteTRd MARBAE Ifegiietntor htesiteds 5hape & i n
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properties. However, if the above-described vacuum vapor processing is
performed, the grain boundary phase has Dy-rich phases and further since
the Dy is diffused only near the surface of the grains. Therefore, even in
case the permanent magnet is obtained by cutting the sintered magnet into
a plurality of thin pieces in a subsequent step, the magnetic properties are
prevented from getting deteriorated. In combination with the fact that the
finishing work is not required, there can be obtained a permanent magnet
that is superior in productivity.
[0022]

Further, in order to solve the above-described problems, the permanent
magnet according to claim 10 1s made by using a sintered magnet
manufactured by’ mixing each powder of principal phase alloy (constituted
primarily by RzTi4B phase, where R is at least one rare earth element
primarily including Nd and where T is a transition metal primarily
including Fe), and a liquid phase alloy (having a higher content of R than
R:T14B phase and primarily constituted by R-rich phase) in a predetermined
mixing ratio; press-forming in magnetic field a mixed powder thus obtained;

and sintering a press-formed body in one of vacuum and inert gas

atmosphere. The sintered magnet is disposed in a processing chamber and



including Fe), and a liquid phase alloy (having a higher content of R than
R2T14B phase and primarily constituted by R-rich phase) in a predeterm ned
m xing ratio; press-formng in magnetic field a m xed powder thus obtained,;
and sintering a press-forned body in one of vacuum and inert gas

at nosphere. The sintered nagnet is disposed in a processing chanber and 8
heat ed; an evaporating material conprising at |east one of Dy and Tb and

di sposed in one of a sane and anot her processing chanber is heated and
caused to _be evaporated; this evaporated evaporating material is caused to
be adher ebeatgd; la@ expRereting materiplgemprising gt Jeagtoone efilivaendolh tand
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addition, the permanent magnet according to this invention has an effect of
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for Carryin t the gnvention] [ 0024] Description will now be nade with
ref er ence®{{® a8RC4nd 2. The pernanent magnet Mof this invention is

manuf act ur i t executing a series of processes (vacuum
vapor pr ocggfsfig%tﬁ)%fgybelgg%gﬂg%“g and causing to adhere an evaporating

material v[ggyJai ning at |east one of

As explained hereinabove, the method of manufacturing a permanent
magnet according to this invention has an effect in that the Dy, Tb adhered
to the surface of the sintered magnet can be efficiently diffused into the
grain boundary phase and therefore that there can be manufactured a
permanent magnet having a high productivity and high magnetic properties.
In addition, the permanent magnet according to this invention has an effect
of having a higher coercive force and higher magnetic properties.

[Best Mode for Carrying Out the Invention]
[0024]

Description will now be made with reference to FIGS. 1 and 2. The
permanent magnet M of this invention is manufactured by simultaneously
executing a series of processes (vacuum vapor processing) of: evaporating
and causing to adhere an evaporating material v containing at least one of
Dy and Th to the surface of a Nd-Fe-B based sintered magnet that has been
fabricated to a predetermined shape; and of subsequently causing the metal
atoms of Dy and/or Tb of the evaporating material to be diffused to the grain
boundary phase of the sintered magnet S for homogeneous penetration,

[0025]
The Nd-Fe'B based sintered magnet S as the starting material is



Dy and Tb to the surface of a Nd-Fe-B based sintered nagnet that has been
fabricated to a predeterm ned shape; and of subsequently causing the netal
atons of Dy and/or Thb of the evaporating material to be diffused to the
grain boundary phase of the sintered magnet S for honbgeneous penetration.
[ 0025] The Nd-Fe-B based sintered magnet S as the starting material is 9
manuf actured in the foll owi ng nanner by a so-called two alloy nmethod. That
is, there is obtained a m xture powder of a principal phase alloy
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pr edet er m ned corrp05|t|ony:\gf| t héreby manu turing an alloy raw

mat eri al bl@nﬁeritf’m\mlaiﬂyfihﬁhmingﬁd land WhBeROT,is ahganbitich raul peimkely al | oy
raw nmaterial was coarsely crushed in Ar, e.g., to bel ow 50 neshes, On the

ot her hanihclutimg Fayiahdhakdeuia pbgsevalonl(havolg ai mghebygohtemtuofaRi thanNd, Dy,
Co, Fe in_a predeterm ned conposition ratio, thereby manufacturing_an alloy
raw nat er Ral14Bh phageovndcprimanly cegnstiiyterkt bvd Rrmah ﬁ)t]il@ﬁa-he Imelhef act ur ed

|l Lal,. ly. hed i , e.q., b . hes.

Then,  { necERRIER ORIBFIGIA RIVaF: S aasRaineh AV ETSREEE TF i ne
Then, ¢ he BELRiHERL piifae PhEReEEEah iy RE HERBE B Bt he
phase -1 Rk o RedietEfighft f PhOBHERHAGE Pateh? hblbscfudhe R LG,

1Yo e, SN SIATBL E KoURSCBIRLETLY mtot, TP N e o0on
(or m xt ualpy pawdeaterllewas kyamseknemishedinrLs ol @ntd balgiwn®0 meshes. On
the other hand, the liquid phase alloy was also obtained by formulating Nd,
Dy, Co, Fe in a predetermined composition ratio, thereby manufacturing an
alloy raw material in a known SC fusion casting method, and then the
manufactured alloy material was coarsely crushed in Ar, e.g., to below 50
meshes.
[0026])

Then, the obtained powder of the principal phase and the powder of
the liquid phase were mixed in a predetermined mixing ratio (e.g., principal
phase : liquid phase = 90 wt% ® 10 wt%) and were once coarsely crushed by
hydrogen crushing process and, subsequently, were finely ground in
nitrogen atmosphere by jet mill fine grinding process, thereby obtaining a
raw meal (or mixture) powder. Then, by a known compression forming
machine the raw meal powder was oriented in a magnetic field and was
compression-molded into a predetermined shape such as a parallelepiped or
columnar shape in a metallic mold. Then, the compression-molded body
was sintered under predetermined conditions to thereby obtain the sintered
magnet. According to this configuration, there can be obtained a sintered

magnet S that has large and round grains (i.e., less nucleation site), good

orientation properties, good diffusion characteristics of rare-earth (Nd)-rich
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4 - 12 gm According to this configuration, w thout being
dl®92%)he residual carbon in the sintered magnet S, Dy and/or

Tb
used

o the surface of thg,.sinter magnet can be efficiently diff
gr a&ﬂ %mmaéwnaﬁaﬁiénm etaﬁg)yn!@g'h %‘?’ajim’ Hnth ERSE gh% P& t han 4

SR e B R R kBt A §ERR R8I0 Bl

A R T O
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The orientation of the sintered nagnet will becone poor and

ue to
this
neal
ring

, as

result, tlhangemintnimf+u gensi Agcarddngrasi thisn conéiggyationdwath@xthbbirg ng

influenced by the residual carbon in the sintered magnet S, Dy and/or Tb
adhered to the surface of the sintered magnet can be efficiently diffused into
the grain boundary phase. If the mean grain diameter is smaller than 4
pum, a permanent magnet having a high coercive force can be obtained due to
the diffusion of Dy and/or Tb into the grain boundary phase. However, this
will diminish the advantage of adding the lubricant to the alloy raw meal
powder, the advantage being in that the flowability can be secured during
compression molding in the magnetic field and the orientation can be
improved. The orientation of the sintered magnet will become poor and, as
a result, the remanent flux density and maximum energy product exhibiting
the magnetic properties will be lowered. On the other hand, if the mean
grain diameter is larger than 12 pm, the coercive force will be lowered
because the crystal is large. In addition, since the surface area of the grain
boundary becomes smaller, the ratio of concentration of the residual carbon
near the grain boundary becomes large and the coercive force becomes
largely lowered. Further, the residual carbon reacts with Dy and/or Tb,
and the diffusion of Dy into the grain boundary phase is impeded and the

time of diffusion becomes longer, resulting in poor productivity.
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the magnetic properties will be |lowered. On the other hand, if the nean
grain dianeter is larger than 12 gm the coercive force will be | owered
because the crystal is large. In addition, since the surface area of the
grain boundary becomes snaller, the ratio of concentration of the residual
carbon near the grain boundary becones |arge and the coercive force becones
| argely | owered. Further, the residual carbon reacts with Dy and/or Th, and
the diffusion of Dy into the grain boundary phase is inpeded and the tine
of diffusifn Eécones | onger, resulting in poor productivity. 11 [0028] As
shown in A28 3 vacuum vapor processing apparatus 1 for executing the

above- descri bid g%ocessi (Ela a vacuum chanber 12 in which a pregssure can
be reduced to?}¥afao¥8pln 2?1 aszpr%d‘@lcé‘t‘ﬁ’i‘i‘ NEAPYS, BEQgsRIng @pgaratiis, 11§15 py)

t hrough an_evacuati ng n . h yr be- nol. ecul ar 1. Cryopunp,

di ffusi oneﬁ%gl,n%zr%hetﬁggﬁ geeg.&#%;af & r?(zes%}n %@g‘d)ai ﬁg(f‘h%m @ﬁgﬁ‘&’ rcxgn%ler 12 a
box body r b Sl DGy t o P I i i an
upper sur %gg%el?%'sé‘g%eeﬁe}ﬁ g’%d@aagﬂ%%% t?)’a?{l&g 5 %\ll/;\h%!lq’c Eerlﬁlse dg%’%@?ﬁgbﬁsﬁ%ﬂt ed on

the open (mpern sSWFAPg) chrdupd hedevAdnatidg méNNR 9] subhdanryoahyldzalir f | ange
22a is formed along the entire circunference of the lid part 22. Wen the

lid part fAnps arpopamg, idiffupinsi puorp,oand ke Upper Flefeate dofposbd ibodhepart 21,
the flange 22a is fitted into the outer wall of the box part 21 (in this
case, no Vaewum ehanberdB adoy bagdyt Alconusising’ prgotangniar pgraldelopipesf i ne a

G0 cont | GPEGATRIL SaHE AR, NP, SEaR: R PoRooRd § JULBBE' PA Whisdsife
pay . the priseLaapHoRRaR s theb b SRR G TBERRA LT el (C g,

5 x 10-4 Ppyoddyat is higher substantially by half a digit than that in the
vacuum chanber 12.

A downwardly bent flange 22a is formed along the entire
circumference of the lid part 22. When the lid part 22 is mounted in
position on the upper surface of the box part 21, the flange 22a is fitted into
the outer wall of the box part 21 (in this case, no vacuum seal such as a
metal seal is provided), so as to define a processing chamber 20 which is
isolated from the vacuum chamber 11. It is so configured that, when the
vacuum chamber 12 1s reduced in pressure through the evacuating means
11 to a predetermined pressure (e.g., 1 X 10-5 Pa), the processing chamber 20
is reduced in pressure to a pressure (e.g., 5 x 10-¢ Pa) that is higher
substantially by half a digit than that in the vacuum chamber 12.

[0030]

The volume of the processing chamber 20 is set, taking into
consideration the mean free path of the evaporating material v, such that
the evaporating material v (molecules) in the vapor atmosphere can be
supplied to the sintered magnet S directly or from a plurality of directions
by repeating collisions. The surfaces of the box part 21 and the lid part 22
are set to have thicknesses not to be thermally deformed when heated by a
heating means to be described hereinafter, and are made of a material that

does not react with the evaporating material v.
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[0030] The volune of the processing chanber 20 is set, taking into
consideration the nean free path of the evaporating material v, such that
the evaporating material v (nolecules) in the vapor atnosphere can be
supplied to the sintered nagnet S directly or froma plurality of directions
by repeating collisions. The surfaces of the box part 21 and the lid part 22
are set to have thicknesses not to be thermally deforned when heated by a
heati ng means to be described hereinafter, and are made of a material that
does not rgact W th the evaporating material v. 12 [00311 In other words,
when t he eﬁiEHJating material v is, e.g., Dy, Th, in case A1203 which is

often used inyan.ordi na vacuum apparatus is. used, .thereq Sm.a: possibility
Chat Dy, Tb | AROHERREH atREL ERR PRARGANI: hiyefialiv ey e DY TP R
reaction t hey: Meloll : S
e, o g R AOFREIPG, S P 7 Sl QBARLy vAGRE MRl Mrurt SRy

el enent's _adsegibibityathay DyTThagdge WMpdH 4@iosphide rBgctsi Wih, AGERso ¥a0@ o

oxi des of rare earth elenents, or constituted by form ng an inner |ining on
t he surf afemireartidhprodurtslomt thrgsurthes théreof béerordingly, the2heox bbdy & g., a

plurality of Mo wires ée.g., 0.1 - 10 mm (di a.%.l)1 is arranged in lattice at a
pr edet er misnaeadmi gigt, of Mot W, Dot Torers atlpse eofi thame(ipebulingi rarechartber 20.

S O S R R R e
cont a1 e e R0 ke, RSB RETE al B FET e o e
G Sposec. M 0L ALyl IAEED oh Bl WAISDS O 3P0
heating nphn&lidy ofo wires (e.g., 0.1 ~ 10 mm (dia.)) is arranged in lattice at a
predetermined height from the bottom surface in the processing chamber 20.
On this bearing grid 21a a plurality of sintered magnets S can be placed side
by side. On the other hand, the evaporating material v is an alloy
containing Dy and Tb or at least one of Dy and Th which largely improve the
magnetocrystalline anisotropy of the principal phase, and is appropriately
disposed on a bottom surface, side surfaces or a top surface of the processing
chamber 20.
[0032]

The vacuum chamber 12 is provided with a heating means 3. The
heating means 3 is made of a material that does not react with Dy, Tb of the
evaporating material v, in the same manner as is the box body 2, and is
arranged, e.g., s0 as to enclose the circumference of the box body 2. The
heating means 3 comprises: a thermal insulating material of Mo make
which is provided with a reflecting surface on the inner surface thereof; and
an electric heater which 1s disposed on the inside of the thermal insulating
material and which has a filament of Mo make. By heating the box body 2
by the heating means 3 at a reduced pressure, the processing chamber 20 is
indirectly heated through the box body 2, whereby the inside of the

processing chamber 20 can be heated substantially uniformly.
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heating nmeans 3 is nmade of a material that does not react with Dy, Th of the
evaporating material v, in the sanme manner as is the box body 2, and is
arranged, e.g., so as to enclose the circunference of the box body 2. The
heati ng means 3 conprises: a thermal insulating material of M nmake which
Is provided with a reflecting surface on the inner surface thereof, and an
electric heater which is disposed on the inside of the thermal insulating
mat erial and which has a filanent of Mo nmake. By heating the box body 2 by
t he heatinP neins 3 at a reduced pressure, the processing chanber 20 is
indirectly Mihiled through t he box body 2, mhereby t he inside of t he

issslER i SRR e T SRR 50033& ¥
using the %mqfsgﬁggﬁg ARSHAIYAD0N REQGESHAT. ARRBLALYSharaFId B O

all, sinter magne n accor dance W scrl met hod

are placegjqp tdfe ﬂ?aréﬂi‘ﬁeﬁd' dnhbhedd enPte Pt ac&;rda%@é' thﬁs Eﬁée

evaporating material v is placed on the bottom surface of the box part 21

(accor di ngbbwe-tbsgibddnmeshod eirecplavghensths bewdinggrid2apafahentgppagy i al v
are di sposed at a distance fromeach other in the processing chanber 20).
Aft er havRhgand Dy ad tha qweppratong mhateiriad i plaged oonthehbotéprnsunfper ofsur f ace
of the box part 21, the bo dy 2 i pIa ed in a  predeterm ned p05|t|on
encl osed El}etw Rt Ad ?ﬁf& 198 §0t Sivef uﬁ#ntéFﬁﬂTb@lagEQtS( st dhep)  Then
t hrough the evgguatl n 12 is cuate

ns 11 acuu anbe until it
rﬁa(r:ﬂr;es aS PR anﬁié’séﬂ? éflslioegeé at E Eq)nc& am (eflffi]é 0& SEéESq’r‘? )
chamber 9%%8%%;6%&1%3} 908 PA Eflffa%mégx? eﬁé’%ﬁ%h I;EH\j-: EH fﬂ'tgz@er than

t he above rocessing c arrber y ac g the heating

?882451] 3 WhgnrthehshereappeR shREbE LS the H&%Spdﬁ%h%%etmﬁ{ B6&F Ot RrpTapedl ipraessur e.
predetermined position enclosed by the heating means 3 in the vacuum
chamber 12 (see FIG. 2). Then through the evacuating means 11 the
vacuum chamber 12 is evacuated until it reaches a predetermined pressure
(e.g., 1 x 10~¢ Pa) (the processing chamber 20 is evacuated to a pressure
substantially half-digit higher than the above) and the processing chamber
20 is heated by actuating the heating means 3 when the vacuum chamber
12 has reached the predetermined pressure.

[0034]

When the temperature in the processing chamber 20 has reached the
predetermined temperature under reduced pressure, Dy placed on the
bottom surface of the processing chamber 20 is heated to substantially the
same temperature as the processing chamber 20, and starts evaporation,
and accordingly a vapor atmosphere of Dy is formed inside the processing
chamber 20. Since the sintered magnets S and Dy are disposed at a
distance from each other, when Dy starts evaporation, melted Dy will not be
directly adhered to the sintered magnet S whose surface Nd-rich phase is
melted. Then, Dy atoms in the vapor atmosphere of Dy are supplied to the

surface of the sintered magnet S that has been heated to substantially the

same temperature as Dy from a plurality of directions either directly or by
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When the tenperature in the processing chanber 20 has reached the
predeterm ned tenperature under reduced pressure, Dy placed on the bottom
surface of the processing chanber 20 is heated to substantially the sane
tenperature as the processing chanber 20, and starts evaporation, and
accordingly a vapor atnosphere of Dy is forned inside the processing

chanber 20. Since the sintered nagnets S and Dy are disposed at a distance
from each other, when Dy starts evaporation, nelted Dy will not be directly

adhered to the sintgred magnet S se surface Ng-rich phase_is . pelted.
Then, Dy BeRAREing CPﬁ@lmoangtgﬁfegﬁg%ﬂﬁft{thafe hered Py rhwill bt ace of
the sinter, net t hat has_been heateg. .t o .substanti al t he ane
tenper at GRETUAPAARTH tBredain HPARAEY BRAH © ot SRISEE aghat B otiereBf Ty 14
repeating IS4 d hereto. The adhered Dy will be

di ffused P%ﬁ%%%%ggfaﬁn%@%%ﬁéat%y p glgee&'of the sintered magnet S, whereby a
permanent [@egs)t M can be obtained. [0035] As shown in FIG 3, when the Dy
atons in the Dy vapor atnosphere are supplied to the surface of the
sintered magnéis shewonda FIGS 8y wmhanDyhe( Diyi atonis inthé dyewvabbr athwsphefeace of
the permanent magnet Mw Il be remarkably deteriorated (surface roughness

becones wereenppliedwe thogurface of thy sinteréd mpegnet Saerins itodormya BaHekiad t o,
the sintered mag at haskggg’n heat ed

o subst aMAIRYET b, SaBuren g the e mANHIGnaRate 8 Yl Beremakesl and Dy
w Il excesgsjvely be diffused into the,grains in a region near the
surface o et%éo%f?fer(ﬁﬂ?gaﬁﬁgnr&u%yleﬁ% J%FBEJS?'[ VPHEREgneY e proferties
canmot gAY 14 BRARNEE 18 RERIELE hyd SEQBegTBR ptigeof,
average CERPQshidred ARghBe SWHaACRa® bdeRehehtiet§dsubstantially the same
temperature during processing gets melted and Dy will excessively be
diffused into the grains in a region R1 near the surface of the sintered
magnet S. As a result, the magnetic properties cannot be effectively
improved or recovered.
[0036]

That is, once a thin film made of Dy is formed on the surface of the
sintered magnet S, the average composition on the surface of the sintered
magnet S adjoining the thin film becomes Dy-rich composition. Once the
average composition becomes Dy-rich composition, the liquid phase
temperature lowers and the surface of the sintered magnet S gets melted
(i.e., the principal phase is melted and the amount of liquid phase increases).

As a result, the region near the surface of the sintered magnet S is melted
and collapsed and thus the asperities increase. In addition, Dy excessively
penetrates into the grains together with a large amount of liquid phase and
thus the maximum energy product and the remanent flux density exhibiting
the magnetic properties are further lowered.
[0037]
According to this embodiment, Dy in bulk form (substantially spherical

shape) having a small surface area per unit volume (specific surface area)
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magnet S adjoining the thin filmbeconmes Dy-rich conposition. Once the

aver age conposition becones Dy-rich conposition, the |liquid phase
tenperature | owers and the surface of the sintered magnet S gets nelted
(i.e., the principal phase is nelted and the anount of |iquid phase
Increases). As a result, the region near the surface of the sintered nmagnet
Sis nelted and collapsed and thus the asperities increase. In addition, Dy
excessively penetrates into the grains together with a | arge anount of

i quid phase and thus {he maxi num, ener product and the repanent fl ux
density e)(’l@islfﬁﬁp‘?ﬁfd ?Ihéﬁﬁiﬁ’ﬁ@m@“g}aﬁﬁé%f&' Praeessing chRambeg e} wya 1ag1937]

A di t B nbodi , in bulk f t anti al her. cal
Chapey nadt Bg" 302 B oeieE gt ungitordll minebt i AndS (ke tht SRNELE oy ea)
15 di t - ' i
tater o SRARELGER A0S SORIAR Ailashl WendlRene g, oheCER, R 2
anmount  of ma&\éﬁla%aﬂsi?ﬁ thle tenfpRataelint HEPpFREIRg chAndskd 20 s 608D o he

evaporating material v is Dy, the tenperature in the processing chanber 20
was set toamge AMPHCf ~70080C, 1pEdEeraldy e360°&bHy 10007 - b 0ddErollingcidrt rol | i ng
the heating means 3 (when the processing chanber is, e.g., 900C - 1000C,
the satuhgaddguapons ér(sémmrﬂleopr@ssmg@g@mmgaxe-z-,>80m t11900°G, the- 1 Pa) .
[0038) If the tepperature in tFﬁ rocessi ng chamber 20 (accgfﬁi ngly the
heating t 8RRV aPEH PYassUuLs At Dycecrmgsabouf 1 18eh df 17636 Pl vel ocity

of difoSif&EﬁJ Dy atonms of the evaporating material v adhered to the
surface o sintered magnet S into the grain boundary phase is retarded.

s ol hus, | 1PARS! BlifipbfhfiBkcidt e b Ahe! bl 10/ JackARG digmgeneousl y

penetrated into t I'n boundary phase e sintered nmagnet e the

thin fil mhkgtiherieBtbeathiRCoSthid shiteRfd HidphRt®) MBS 0°0) theaedddigr hand,
at the tenperature above 1050C, the vapor pressure increases and thus the
of diffusion of Dy atoms of the evaporating material v adhered to the surface
of the sintered magnet S into the grain boundary phase is retarded. It is
thus impossible to make the Dy atoms to be diffused and homogencously
penetrated into the grain boundary phase of the sintered magnet before the
thin film is formed on the surface of sintered magnet S. On the other hand,
at the temperature above 1050°C, the vapor pressure increases and thus the
Dy atoms in the vapor atmosphere are excessively supplied to the surface of
the sintered magnet S. In addition, there i1s a possibility that Dy would be
diffused into the grains. Should Dy be diffused into the grains, the
magnetization intensity in the grains is greatly reduced and, therefore, the
maximum energy product and the remanent flux density are further
reduced.
[0039]
In order to diffuse Dy into the grain boundary phase before the thin
film made up of evaporating material v is formed on the surface of the
sintered magnet S, the ratio of a total surface area of the sintered magnet S
disposed on the bearing grid 21a in the processing chamber 20 to a total

surface area of the evaporating material v in bulk form disposed on the

bottom surface of the processing chamber 20 is set to fall in a range of 1 x
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Dy atons in the vapor atnosphere are excessively supplied to the surface of
the sintered magnet S. In addition, there is a possibility that Dy would be
diffused into the grains. Should Dy be diffused into the grains, the

magneti zation intensity in the grains is greatly reduced and, therefore, the
maxi mum ener gy product and the remanent flux density are further reduced.
[0039) In order to diffuse Dy into the grain boundary phase before the thin
filmmade up of evaporating nmaterial v is formed on the surface of the
sintered magnet S, the ratio of a total surface area of the sintered magnet
S di spos&@on2 tht0heln amgtigrother thanthe renge of dssilAy cRanhet, there area t ot al

surface area of the evyaporating material v in, bul orm di sposed on _t he
bot t om sUFASECVBETS AR JEdR df ?f@rreﬁ asoihepuiace of the SrlaF?reﬁnm&gpﬁhée of 1 x
16 10-4 - 2 103, In.a ratio oth than,the range.of 1 x 10-4 - x 103,
there ar ead 3008 Reruthpief RaBhtthalliE plel mBBRRic brandiuh® gl B 0 et e
magnet S us r SEER ' ' TBSRS: | tyes cannot
be obt ai %%filn%&‘n. tﬁ?‘é}ﬁga"gg?’%e abo%qsggggggggg%}gtlo s%n%ﬁllpg@gf%el?g y fall

within aarange offl ¥ 18-1Go3 %¥a0k, ¥ndQBe sdddeidegcaboy eatiewfrl bad—7 abigo of 1 x
10-2 to 1 x 102 is nore preferable. (00401 According to the above

conf i gur aki k0¥, ibmdrepeefergblehe vapor pressure and al so by reducing the
anount of evapqration of Dy, the anount of supply of Dy to the sintered
magnet S i £0Q rained. In addition, by heating the sintered magnet

manuf actured hy the two glloy nmethod at a pr.edeterm ne t enper at ure range,
t he speed of &CF‘P Pgﬁoo&leD?%’%‘F?dP%‘? 18 atinrg ]}th"’berréﬁl& tﬂBo‘iﬁHﬂ’érW‘*Eﬁ&@e

tho Dy i o pictenPEatthEhb el tmy By BEBFRERT R ol e B Tpghe RE GRS T ©
the regiopf ¢ly fPehe Wftetbd REENA SURGcstAIREED PAARItion "y heating the
sintered magnet manufactured by the two alloy method at a predetermined
temperature range, the speed of diffusion of Dy and/or Tb into the grain
boundary phase becomes faster. As a result of the above-described
combined effects, while the Dy is prevented from getting excessively diffused
into the grains in the region of near the surface of the sintered magnet, the
Dy atoms adhered to the surface of the sintered magnet S can be efficiently
diffused and spread into the grain boundary phase of the sintered magnet S
before the adhered Dy atoms get deposited and form Dy layer (thin film)
(see FIG. 1). As a result, the permanent magnet M can be prevented from
deteriorating on the surface thereof, and Dy can be restrained from being
excessively diffused into the grain boundary near the surface of the sintered
magnet. In this manner, by having a Dy-rich phase (a phase containing Dy
in the range of 5 ~ 80%) in the grain boundary phase and by diffusing Dy
only in the neighborhood of the surface of the grains, the magnetization
intensity and coercive force are effectively improved. In addition, there can
be obtained a permanent magnet M that requires no finishing work and
that is superior in productivity. In this case, the permanent magnet M can
effectively increase in the rare earth element-rich phase the concentration of

Dy and/for Tb that is mixed in more than double and that has good

17



Dy atons adhered to the surface of the sintered nmagnet S can be efficiently
di ffused and spread into the grain boundary phase of the sintered magnet S
before the adhered Dy atons get deposited and form Dy layer (thin film
(see FIG 1). As a result, the permanent nmagnet M can be prevented from
deteriorating on the surface thereof, and Dy can be restrained from bei ng
excessively diffused into the grain boundary near the surface of the
sintered nmagnet. In this manner, by having a Dy-rich phase (a phase

cont ai ni ng_ .1ln the range of 5 -- 80% in the grai.n boundary phase and by
di f f usi ng {ﬁ@jmmty’ Whey | RATERARIEdnagnethM Bag pigher cearelveriarets, t he
magnet i Zati(ﬁﬂil Intensity and coercive force are effectively inproved. In
addi ti on, e e‘ can be obtained a permanent magnet Mthat requires no

finishing worly anehe 1 hat ggg;ég#mkiyzrtﬂensﬂ{tepé&%%v'ﬁéf- gl B EARE of NE

per manent nagnet can Ive I ncrease 1 n e rare ear ement-rich

phase thed@ﬁﬁ@@n&dxﬁi?émtﬁfn By andiige thtfebatand theeBkbh #MEL hhwmgdoubl e
and that has good 17 diffusibility, whereby the pernmanent nagnet M has a

hi gher coeratiwfactiwed e¢he ab004Hbsddbsedeimterdd hlagned S, where hlecadentwehad nagnet
Sis worked into a desired configuration by a wire cutter, and the |ike,
aft er haviragks menuf asttheegraine velioheangether phiadipsil mhasedomdbacturcet dfere are
cases where cracks occur in the grains which are the principal phase on the
surface othe mat%rreat anagngfaghraultings in ¢ angemﬁrﬁabl@miﬂ&%péata@t e} ot i on in

th ti ti FI 4 Ho b ti th
hbove. aocmAeelcr EaRRTIeh o e oflGe: A hotBwpYer bV GrtetbRen, e ch

h RS f i f aGe. . FI G
ey, Cwnabtys Besciftell VGl 855 BrodelGindl Thike BRI bl M RUIA TR WREC T 0
On the ot PRfsd1BAthhebinEae aithRcrhbRs BpIKE-HARE hbRel HACIHRAARE FIG.

processi ng, the grain boundary phase has the Dy-rich phase and further Dy

gets dif f 4&g) whénebpetdie magnstizhtion inferisiy gidicosccividhfred are reeveredf a
On the other hand, by executing the above-described vacuum vapor
processing, the grain boundary phase has the Dy-rich phase and further Dy
gets diffused only near the surface of the grains. Therefore, even if a
permanent magnet is obtained by cutting a sintered magnet in block shape,
after having executed the above-described vacuum vapor processing, into a
plurality of sliced thin pieces by means of a wire cutter and the like as a
post step, the magnetic properties of the permanent magnet get hardly
deteriorated. As compared with a case in which' a sintered magnet of block
shape having predetermined dimensions is cut into a plurality of thin
pieces; the thin pieces are then contained as they are by disposing in
position inside the processing chamber; and they are then subjected to the
above-described vacuum vapor processing, it 1s possible, for example, to
perform at a shorter time the putting and taking the sintered magnet into,
and out of, the box body 2. Also, the preparatory work for executing the
above-described vacuum vapor processing becomes easier, and the finishing
work is not required. Consequently, a high productivity can be attained.

[0042]
Cobalt (Co) has been added to the neodymium magnet of the prior art
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per manent magnet is obtained by cutting a sintered nagnet in bl ock shape,
after havi ng executed the above-described vacuum vapor processing, into a
plurality of sliced thin pieces by nmeans of a wire cutter and the like as a
post step, the magnetic properties of the permanent magnet get hardly
deteriorated. As conpared wth a case in which: a sintered magnet of bl ock
shape having predeterm ned dinensions is cut into a plurality of thin

pi eces; the thin pieces are then contained as they are by disposing in
position inside the processing chanber; and they are then subjected to the
above- deskedapse aymeasiate,/ e vepb ceropiey, ofitheimaguelsishleguinedr  dlewgnes, to
performat a shorter. tine the. putting and ﬁkin the sintered magnet into,
and out ofCCOTHRERt t]&%d%reé‘?ntApg‘Eﬁntf% BREH ﬁf’ﬁﬂyp $ DRYING LSERMHY t he
above-descsy i hed v m v, I..processi ng becones easjer. and.the finishing
work is f\%’tghggqﬁ?frégl. n@ﬁe%g%agﬁé)l %ﬁa %Ftﬂ*?p PRGUCPTIASISP CBePIEDge t APned.

[ 00421 CofiahbadcANYihANARBEGs AR HRiddST SRLY BY PRGNS (b BiEaTjror art
18 because a neasure to prevent corrosion of the nmagnet Is required.

However, theCsiatdteddnhgnéhen@igsheigraivesindity Phaweeits-possiblohasbtdiavi ng
extrenely higher corrosion resistance and at nospheric corrosion resistance
as conpaa epexmahemNd wrgpes avinge ektrentdy ohigh aalrsoxibn gredisneeaanthe
surface of the sintered nagnet and in_the grain_boundary phase, it is
possi bl e afgnesnheric cerrpaionaremstangy neithauyusing ee.e nBusthergoreoat ddieon

oo RS AGPOH PR e e AR PSRl e
't he. gr e g RS Estalie ol HMGIRRE e fo REPRHI SSRGS %o
ot i ci entTo 7t aedpBth SEERRS) [ PAORERRmERAOSY, T Bidhort 1D The
above- desgiifietofihRCHfitdred thagnét S are further efficiently diffused.

[0043)

Finally, after having executed the above-described processing for a
predetermined period of time (e.g., 1 ~ 72 hours), the operation of the
heating means 3 is stopped, Ar gas of 10 KPa is introduced into the
processing chamber 20 through a gas introducing means (not illustrated),
evaporation of the evaporating material v is stopped, and the temperature
in the processing chamber 20 is once lowered to, e.g., 500°C. Continuously
the heating means 3 is actuated once again and the temperature in the
processing chamber 20 is set to a range of 450°C ~ 650°C, and heat
treatment for removing the strains in the permanent magnets is executed to
further improve or recover the coercive force. Finally, the processing
chamber 20 is rapidly cooled substantially to room temperature and the box
body 2 is taken out of the vacuum chamber 12.

[0044]

In the embodiment of the present invention, a description has been
made of an example in which Dy is used as the evaporating material v.
However, within a heating temperature range (a range of 900°C ~ 1000°C)

of the sintered magnet S that can accelerate the diffusion velocity, Tb that is
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predeterm ned period of tinme (e.g., 1 - 72 hours), the operation of the
heating nmeans 3 is stopped, Ar gas of 10 KPa is introduced into the
processi ng chanber 20 through a gas introducing nmeans (not illustrated),
evaporation of the evaporating material v is stopped, and the tenperature
In the processing chanber 20 is once |lowered to, e.g., 500C. Continuously
the heating nmeans 3 is actuated once again and the tenperature in the
processi ng chanber 20 is set to a range of 450C - 650C, and heat treatnent
for renoving the strains in the permanent magnets is executed to further

i nprove olow HtFaReT PResstBercanvke ugede. Oriales.(an allpg of Dy éxdl B mandeber 20

t aken” out Ut HE YR Sy BHBSRSL thatoah G BRatA e, CA{eriEnoth Fal TF AR pr esent
vent oy g ASSCHIN LNAASABED ar IRAR e Ty SRS Lol MDVED B0 USed as
e evaporating naterial V. wever, Wtnin a neating tenperature range (a

range of §OaporAfBACHt aOkerthfh $éberA%rERIMRWeTel hRitHAR RGA |1%%e§ the
Tb that is 191 . O

di ffusion velocity, OW I n vapor pressure can be use

el se, an gidreto,dt nidyy dekoTarranygelehatsepan lHawlg asrecasscngliapd hdterad
evaporating material v in bulk formand having a small specific surface
area was sepbidni ns odigposado inslec dhe heoxarpart 21 ofo evapaimatinothatpan cdet ai n
tenperature. However, without bei n? limted, thereto, it may _be so_arranged
that a patvanorphigsamateiaakedngyapalamiorpoer bulle fanmyntheyeby spdueingithsi de t he

b t 21t ininth 1h ti terjal ' I

for m or bNEIGANTHRREDy DN HHOPn LD Bar 11 NERR L af VapOrRHERadi 1 on,
£ havi oS ! int o ;

1ot rat BeHAT T SUEpRICRNE AP LERRRET halihd o HERRR oF obbBE 1 1 e

embodi menf, 9fhd ABuRkEEENt invention, a description has been

[0045]

In the embodiment of the present invention, a description has been
made of an example in which the sintered magnet S and the evaporating
material v were disposed in the processing chamber 20. However, in order
to enable to heat the sintered magnet S and the evaporating material v at
different temperatures, an evaporating chamber (another processing
chamber, not illustrated) may be provided inside the vacuum chamber 12,
aside from the processing chamber 20, and another heating means may be
provided for heating the evaporating chamber. After having evaporated
the evaporating material v inside the evaporating chamber, the metal atoms
in the vapor atmosphere may be arranged to be supplied to the sintered
magnet inside the processing chamber 20 through a communicating passage
which communicates the processing chamber 20 and the evaporating
chamber together.

[0046]

In this case, in case the evaporating material v is Dy, the evaporating
chamber may be heated at a range of 700°C ~ 1050°C (at a temperature of
700°C ~ 1050°C, the saturated vapor pressure of Dy becomes about 1 x 104

to 1 x 10-1Pa).. At a temperature below 700°C, there cannot reach a vapor
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made of an exanple in which the sintered nmagnet S and the evaporating
material v were disposed in the processing chanber 20. However, in order to
enable to heat the sintered magnet S and the evaporating material v at
different tenperatures, an evaporating chanber (another processing chanber,
not illustrated) may be provided inside the vacuum chanber 12, aside from

t he processi ng chanber 20, and anot her heating neans nay be provided for
heati ng the evaporating chanber. After having evaporated the evaporating
material v inside the evaporating _chanber, the netal atonms in the vapor

at mospher Brefgiire at ayhigshdag evapssadngpnateaialy ear bsiswpalied tordenstriacesi de t he

oo LA W, MRS 3SRV B ARG RGP RRNEL
chanbor nRShEERRE AR aah BIRABLEAS | d nYihd Fafd 0P O], (0
- 1050C,  bhapaiatitiAhfilo AP isPTIESEHY By fiorRindedRiBer BN b Healf do 0 1 X

10-1 Pa).. At a tenperature bel ow 700C,~ there cannot reach a vapor

pressure aanghiofB00TE evapdsoel.i ndt Mattemipakadtureabelo® 90PPC) €HeteO chhfotsur f ace
of the sintered magnet S so that Dy can be diffused and honogeneously

penet r at edeaaht @ vaper gressurbedwibich thledBe atains car bet sugrplivang, thensurdisee t he
evaporating paterial v is Tb, the evaporating chanber may be heated to a
range of ggébe-SlMg@é. maegnett anpEihithe eotber ipmboat a fempesaiiret abeveach a

i nterod TBNG D G ARGl SAn PaRONa bhe TABEEAIL EBOEY Tb ger s
rermnont PR AR fnRiind 43 RS TRAI IR 4o 05 Fermve soi1, gas
or noi st ur po@4giglor bed on the surface of

In order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet S before Dy and/or Tb is diffused into the grain boundary
phase, it may be so arranged that the vacuum chamber 12 is reduced to a
predetermined pressure (e.g., 1 X 10-5Pa) through the evacuating means 11
and that the processing chamber 20 is reduced to a pressure {e.g., 5 x 104
Pa) higher substantially by half-digit than the pressure in the processing
chamber 20, thereafter maintaining the pressures for a predetermined
period of time. At that time, by actuating the heating means 3, the inside
of the processing chamber 20 may be heated to, e.g.,, 100°C, thereafter
maintaining it for a predetermined period of time.

[0048]

On the other hand, the following arrangement may be made, ie., a
plasma generating apparatus (not illustrated) of a known construction for
generating Ar or He plasma inside the vacuum chamber 12 is provided and,
prior to the processing inside the vacuum chamber 12, there may be
executed a preliminary processing of cleaning the surface of the sintered
magnet S by plasma. In case the sintered magnet S and the evaporating
material v are disposed in the same processing chamber 20, a known

conveyor robot may be disposed in the vacuum chamber 12, and the hd part
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sintered magnet S before Dy and/or Tb is diffused into the grain boundary
phase, it may be so arranged that the vacuum chanmber 12 is reduced to a
predeterm ned pressure (e.g., 1 x 10-5 Pa) through the evacuating nmeans 11
and that the processing chanber 20 is reduced to a pressure (e.g., 5 x 10-4
Pa) higher substantially by half-digit than the pressure in the processing
chanber 20, thereafter maintaining the pressures for a predeterm ned period
of tinme. At that tinme, by actuating the heating neans 3, the inside of the
processing chanber 20 may be heated to, e.g., 100C, thereafter maintaining
it for a 82@11@3?&16@1%@'6 ringifleothe vaeuuhodahbeiod 2t #fgenthe clévmidg hase

fol |l owi ng arrangefené may be made, i.e., a plasma generating apparatus (not
illust rat@%ﬁn BYMRI8¢RBwWN construction for generating Ar or He plasna inside
t he vacuunpgﬂﬁﬂber 12 is provided and, prior to the processing inside the
vacuum chahber” 12, there may be executed a prelimnary processing of

cl eaning the Wrg%%ﬁgp%}hé Bmbodhehede tﬂ@ng?géen% iﬂ¥eﬂ£i@ﬁf‘§'dels@rigﬁ?ﬁ I‘Ezﬁg same

si ntered magnet e evaporating terial v are dispose

processi ngeghaiR@s d0andekd@ple iBORHENPtheOb®t bHdy DRewdssaniefutdd e vacuum

chanmber 12, and the |lid part 21 22 may be nounted inside the vacuum chanber
12 after nimntimptheldhsst 2%en acouppet sukfa¢dofithe béxiphne21i nHdwevermbodi ment
of the present invention, a description has been nmade of an exanple in

whi ch t heifbidie prappssingechagnher 20usddolayed damtthagvacvam ichapabar 22 apd an
upper surface of the box part 21. However it the procesai ng chan@er 20 is
i sol ated FiBMe FRAULRA B PESREHBR rAceompARied: by the PramiuEs TPAURTRR e

S NN TR T T ST
the sint eped BRINGterShhity hBEsAP¥hP%ihte?dd magnet S into the box part 21,
the upper opening thereof may be covered by a foil of Mo make. On the
other hand, it may be so constructed that the processing chamber 20 can be
hermetically closed in the vacuum chamber 12 so as to be maintained at a
predetermined pressure independent of the vacuum chamber 12.
[0050]

In the embodiment of this invention, a description has been made of a
case of executing vacuum vapor processing in order to achieve high
productivity. This invention can also be applied to a case in which a
permanent magnet of high magnetic properties can be obtained by causing
Dy and/or Tb to be adhered to the surface of the sintered magnet by using a
known vapor deposition apparatus or sputtering apparatus (first step), and
subsequently by executing a diffusing step for diffusing the Dy and/or Th
adhered to the surface into grain boundary phase of the sintered magnet by
using a heat processing furnace (second step).

[Example 1}
[0051]

In Example 1, as the Nd-Fe-B based sintered magnet S, there was

used one whose alloy composition was 29Nd-2Dy-1B-3Co-bal.Fe and that

was manufactured in a so-called two alloy method. In this case, as the
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t he upper opening thereof may be covered by a foil of Mo nmake. On the other
hand, it nay be so constructed that the processing chanber 20 can be
hernmetically closed in the vacuum chanber 12 so as to be nmintained at a
predet erm ned pressure independent of the vacuum chanber 12. [0050] 1In the
enbodi mrent of this invention, a description has been made of a case of
executi ng vacuum vapor processing in order to achieve high productivity.
This invention can also be applied to a case in which a permanent nagnet of
hi gh magnetic properties can be obtained by causing Dy and/or Th to be
adher ed tpringi@as ngﬁa% elley thare wiagraaeufachgres onghavingg gompasition/efpor

Si?iééh? Q%ﬁﬁgla%ﬁﬁé‘%-%ﬁ‘éﬁéﬁ%h?@oaft? %Eu’sf#gfq ééitgs?é FIRBR 84 thghor ZS:F@”E e
or ocossi bt Rg bR Bage HIGR oL RR et B P uP R 04 s R 2917 2o e
Nd- Fe- B bgaeHesiIAREdhIRINSarse ptdRIPIRACHS AL ARELUIRPRAL BMlog OTPOS Li o

was 29Nd- 2Dy- 1B- al. Fe an s manufactured 1n"a so-called two

al | oy netflnge wds inlinufe@taRed adelt®ing 3 dipwsitieh opRENE-38D9Y. TBeI£ gras

manuf act ured one having a conposition of 29Nd-1B-1.5Co-bal.Fe in the known
SC f usi onbalalé¢ imgherknhwah, S@fdsiolnecaspimignoepedd, pinasthealidwiyl plasset dlboy coar sel y
crushed down to, e.g., less than 50 neshes in Ar to obtain coarse ground
powder . Awasiihenicoansely prisshed dawyn te g e leasshanril) meshes in dodotebiaing a
conposition of 25Nd- 38Dy-0. 7B- 34Co- bal.Fe in the known SC fusion casting
met hod, a‘i’ﬂi‘rﬁ‘i’lgr?li%l’ﬂwﬁlﬁ&se alloy was then coarsely crushed down to, e.g.,
| ess than ﬁﬂ)gﬁqshes in Ar to obtain coarse ground powder. [00521

Then, each of the obtained coarse ground powder of the principal phase
and the liquid phase was mixed in a ratio of principal phase : liquid phase =
95 wt% : 5 wt%. The mixture was then coarsely ground by a hydrogen
grinding process and, subsequently, finely ground in nitrogen atmosphere in
a jet mill process, thereby obtaining mixture powder (raw meal powder).
This raw meal powder was then filled into a cavity of a known uniaxial
pressurizing type of compression-molding machine, thereby forming in
magnetic field the raw meal powder into a predetermined shape (forming
step). This formed body was disposed into a known sintering furnace and
sintered by setting the processing temperature at 1050°C for a processing
time of 2 hours (sintering step), thereafter annealing processing was
performed by setting the processing temperature at 530°C for a processing
time of 2 hours, thereby manufacturing the above-described sintered
magnet of average grain size of 6 um. Finally, after having machining the
sintered magnet to the dimensions of 40 x 20 x 5 (mm), it was subjected to
washing and surface finishing by barrel finishing.

[0053]

Then, by using the above-described vacuum vapor processing

apparatus 1, a permanent magnet M was obtained by the above-described

vacuum vapor processing. In this case, it was so arranged that 60 sintered
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Then, each of the obtained coarse ground powder of the principal phase and

the liquid phase was mxed in a ratio of principal phase : |iquid phase =

95 wt%: 5 w% The mi xture was then coarsely ground by a hydrogen grinding
process and, subsequently, finely ground in nitrogen atnosphere in a jet

m || process, thereby obtaining m xture powder (raw nmeal powder). This raw
nmeal powder was then filled into a cavity of a known uni axial pressurizing

type of conpression-nolding nachine, thereby formng in magnetic field the

raw nmeal powder into a predeterm.ned shape (formn step). This formed body
was di spoBMENehE & WarAHAPesat ansifg ther bewk dody 0§?Mpem@éfeb9t &8¢ eqwdl t he

i ng. t t 1050C f . ing. time of 2.h interi
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of 40 x 20 X (mm), it was subjected to washing and surface finishing by
barrel fipreessing {H2bBdr 20heThehy ths engeudien@ bhtnamsdwas rdcbhagtedaustmaey apor
processing apparatus 1, a pernmanent nmagnet M was obtai ned by the

above- destedupedthe, peessmre apotheveceswi chamber tthi b <ca8¢, Pat (thasprsesuarer anged
that 60 sintere 23 magnets. S were di sposed ingide the box body 2 of M
nmake at aﬁlség‘tuéﬁ"e Breespde ChaBHeTr aWash rxow_tshéabeﬁﬁdnﬁlserm? Atingn
addition, _as th evaperating matetial f bulk form (about 1 of

36 094 pur FptETurd SRR TtcsB Ehaditisn a0 By RS0 e fhE iFURo 2 afR bR pe
bottom su of t nRcessl . oah t ! ans was
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heating tenperature in the processing chanber 20 by the heating neans 3 was
set 12 hours, and then heat treatment to remove the strains in the permanent
magnet was performed. In this case, the heat treatment temperature was
set to 400°C, and the processing time was set to 90 minutes.
[ Comparative Example 1]
[0054]

In Comparative Example 1, as the Nd-Fe-B based sintered magnet,
there was used one whose alloy composition was 29Nd-2Dy-1B-3Co-bal.Fe
and that was manufactured in a so-called one alloy method. The sintered
magnet was formed into a parallelepiped shape of 40 x 20 x 5 mm. In this
case, an alloy raw material was manufactured by formulating Fe, Nd, Dy, B
and Co in the above-described composition ratio, in a known SC fusion
casting method. The alloy raw material was then coarsely crushed down to,
e.g., less than 50 meshes in Ar to obtain coarse ground powder. The
obtained coarsely ground powder was once coarsely ground in hydrogen
grinding step and was subsequently finely ground by jet mill fine grinding
step in nitrogen atmosphere to thereby obtain alloy raw material (raw meal)
powder. Then, this raw meal powder was filled into a cavity of a known

uniaxial pressurizing type of compression-molding machine, thereby

forming in magnetic field the raw meal powder into a predetermined shape
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to 950C. When the processing chanber 20 once reached 950C, the

above- descri bed vacuum vapor processing was executed in this state for 2 12
hours, and then heat treatnent to renove the strains in the permanent

magnet was performed. In this case, the heat treatnment tenperature was set
to 400C, and the processing tine was set to 90 m nutes. [Conparative Exanple
11 [00541 In Conparative Exanple 1, as the Nd-Fe-B based sintered magnet,
there was used one whose all oy conposition was 29Nd- 2Dy- 1B- 3Co- bal . Fe and

t hat was manufactured in a so-called one alloy nethod. The sintered magnet
was f or netforming stepk al Thise forpeesl dedyewes digpeserh inte amhnomn shmteringase, an
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subsequently finely grodnd by Jet Ine grinding step in nitrogen

at nospher précessingr eiive abft @i hoakd, ovhdreby mMaiagiuifatturirgw thieahbove austatbedrhen,

this raw meal powder was filled into a cavity of a known wuniaxi al

pr essur i zeingetadenagnetowr @eiaga- grdidi sigenal 6 nen. t Hinally, afernhagingn

magnetic field the raw neal powder into a predeterm ned shaﬁ? 24 (form ng
g

step). Thmachines thesilferpd mauessd dedhe dimensions o 4 n20r¥ fgthe sintered and was
sintered by setting the processi,ng tenperaturg at.1050C far.a processing
e of o HRane WA sRISPeRd oreay e e batie Safhing b deees! GRRBE 1 or mod by
setting th O(ggﬂcessi ng tenperature at 530C for a processing time of 2
hours, theféeby ‘manufacturing the above-described sintered nagnet of average
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apparatus 1, a permanent magnet M was obtained in the above-described
vacuum vapor processing. In this case, vacuum vapor processing was
executed on the same conditions as those in Example 1.

[0056])

FIG. 5 is a table showing average values of magnetic properties
(measured by using B-H curve tracer) at the time of having obtained a
permanent magnet under the above-described conditions, together with
average values of the magnetic properties before vacuum vapor processing.
According to this table, in Comparative Example 1, by performing the
vacuum vapor processing, the coercive force was improved, and the longer
becomes the processing time, the higher becomes the coercive force. When
the vacuum vapor processing was performed for the period of time of 12
hours, the coercive force was 23.1 kOe. On the other hand, in Example 1, a
high coercive force of 25.3 kOe was obtained for half the time (6 hours) of
that in Comparative Example 1. It can thus be seen that the time for
vacuum vapor processing (i.e., the time for diffusion) can be shortened and
the productivity can be improved.

(Example 2)
[0057]
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magnet was subj ected to washing and surface finishing by barrel finishing.

[ 00551 Subsequently, by using the above-descri bed vacuum vapor processing
apparatus 1, a permanent nagnet M was obtained in the above-descri bed
vacuum vapor processing. In this case, vacuum vapor processing was executed
on the same conditions as those in Exanple 1. [00561 FIG 5 is a table
showi ng average val ues of nmagnetic properties (neasured by using B-H curve
tracer) at the tine of having obtained a pernmanent nagnet under the

D oper t1 5. ot BAATREIR i RaPBIEIRSC NASY He) bAKLOGRITg. MOERAl § bl  n
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magne at was nanufa ed.jn.the si ar _manner .as in Exanple 1,
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as the
once reduce the pressure in the vacuum chamber to 1 x 10~ Pa (the

pressure inside the processing chamber was 5 x 103 Pa), and also the
heating temperature in the processing chamber 20 by the heating means 3
was set to 1000°C. When the processing chamber 20 reached 1000°C, the
above-described vacuum vapor processing was executed in this state for 2 ~
8 hours, and then heat treatment to remove the strains in the permanent
magnet was executed. In this case, the heat treatment temperature was
set to 400°C, and the processing time was set to 90 minutes.

[Comparative Example 2]

[0058]

In Comparative Example 2, a Nd-Fe-B based sintered magnet that was
manufactured in the similar manner as in Comparative Example 1 was used.
By using the above-described vacuum vapor processing apparatus 1, a
permanent magnet M was obtained in the above-described vacuum vapor
processing. In this case, vacuum vapor processing was executed on the
same conditions as those in Example 2.

[0059]

FIG. 6 is a table showing average values of magnetic properties

(measured by using a B-H curve tracer) at the time of having obtained a

permanent magnet under the above-described conditions, together with
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evaporating material, Th of bulk form (about 1 nm of 99.9%purity was
used, and a total anount of 1000 g was di sposed on the bottom surface of

t he processing chanber 20. Then, the evacuating neans was actuated to once
reduce the pressure in the vacuum chanber to 1 x 10-4 Pa (the pressure

I nside the processing chanber was 5 x 10-3 Pa), and al so the heating
tenperature in the processing chanber 20 by the heating neans 3 was set to
1000C. When the processing chanmber 20 reached 1000C, the above-described
vacuum vapor processing was executed in this state for 2 8 hours, .and then
heat treafKefget R P@ﬁ@géhﬁ HaagRetas REopertiesdofereiaaim YARFRTORRESIBEecut ed.

I'n thi t he, heat treatment t t t0.400C, and th

br ocessi nACHTHINGAS RS oI, B GHIARTEEI BERERIGE: DY cEatkine the argesa: | n

Co ti : - Fe- S d t

manoi act oy ge0n Btk Esife, Pl oditid BRGCH mhRRREa G hol B o the oy gy

usi ng t hepahQusingesaic RRE MEREFBeYARES tRE R6ERN hrePPanAidis the vacuR@r manent
magnet M was obtai ned in the above-descri bed vacuum vapor processing. In

t hi s caseyvapacpaoeessiyy wiaoqesfirngedvdsr ehecpéddd oof tire sfaBehoory]i theons as
those in Exanple 2. [00591 FIG 6 is a table show ng average val ues of
magneti c peaypwiet farse waeRiuddiOby (i e atBer handyeint Exaanplea?, ahbighi me of
havi ng obt ai ned F permaneg; magnet, under the a ovg escribed conditjons,
t oget her GRAMEIVEGIOXGR 0ALD ¢ X avast obtadned dovopne-lonthpkne periog atfghmey gl uum

it oG LR ENE S SRS R
e LonGCtaRAE QM (0L e PouE] B e SEMBR R e
time of 8pbhsucivit@an be improved. In addition, it can be seen that, when the
processing time exceeds 4 hours, there can be obtained a permanent magnet
M of high magnetic properties having a coercive force exceeding 28 kQe.
[Brief Description of the Drawings]
[0060]

FIG. 1 is a schematic explanatory view of a cross-section of the
permanent magnet manufactured in accordance with this invention;

FIG. 2 is a schematic view of the vacuum processing apparatus for
executing the processing of this invention;

FIG. 3 is a schematic explanatory view of a cross-section of a
permanent magnet manufactured in accordance with a prior art;

FIG. 4 (a) is an explanatory view showing deterioration of the surface
of the sintered magnet caused by machining, and FIG. 4 (b) is an
explanatory view showing the surface condition of a permanent magnet
manufactured in accordance with this invention;

FIG. 5 is a table showing magnetic properties of the permanent
magnet manufactured in accordance with Example 1; and

FIG. 6 i1s a table showing magnetic properties of the permanent
magnet manufactured in accordance with Example 2.

[Description of Reference Numerals and Characters]
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coercive force was 25.8 kCe. On the other hand, in Exanple 2, a high
coercive force of 25.6 kOCe was obtained for one-forth the period of tine of
Conparative Exanple 2. It can thus be seen that the tinme for vacuum vapor
processing (i.e., the time for diffusion) can be shortened and the
productivity can be inproved. In addition, it can be seen that, when the
processing tine exceeds 4 hours, there can be obtained a permanent naghet M
of high magnetic properties having a coercive force exceeding 28 kCe.

[Brief Des r(i%ption of the Drawings] [0060] FIG 1 is a schematic

expl anat orﬁ0 Bw of a cross-section of the per mmnent magnet manufactured in
accordance wth this invention; FIG 2 is a schematic view of the vacuum
processi ng \zﬁppar Naruumy vapey BrORCSHNE #RPYIANEssi ng of this invention; FIG 3
is a schemaj4c e t Qr jew of a cross-section of a permanent magnet
manufacture#i n ggécor a{:(r?llgéngv/\%rth a prior art; FIG 4 (a) is an explanatory

vi ew show ngy det e%i&égg Rhainpdpe surface of the sintered magnet caused by
machi ni ng, and FI 4 (l ? I's an explanatory view showi ng the surface

condi tion of2 a pessEbedit nagnet nmanufactured in accordance with this
invention; FIG 5 is a table show ng magnetic properties of the permanent
magnet nmanu2hct urleak partaccor dance with Exanple 1; and FIG 6 is a table
showi ng magnetic properties of the permanent nagnet manufactured in
accordance ##th Ex@dPare 2. [Description of Reference Numerals and
Characters] _ 27 [,00611 1 vacuum vapor processing apparatus 12 vacuum

chamber 20 p?foces}%‘?ar?&l%

S sintered magnet
M permanent magnet

A% evaporating material

28



2 box body 21 box part 22 |lid part 3 heating nmeans S sintered nagnet M
per manent nmagnet V evaporating material 28 WHAT IS CLAIMED IS: 1. A nethod
of manufacturing a permanent magnet conprising: a first step of causing at
| east one of Dy and Tb to adhere to at | east part of a surface of

I ron-boron-rare-earth based sintered nmagnet; and a second step of

di ffusing, through heat-treatnent at a predeterm ned tenperature, at |east
one of Dy and Tb adhered to the surface of the sintered nagnet into grain
boundary phase of the sintered magnet, wherein the sintered nagnet is

manuf act UNGABYS GLAIMERAS, powder of principal phase alloy (constituted
primarily by | east one rare earth el enent

T14B phase,. where, R is at 1
primarily i ncﬁd- &%ﬂén%f fanwfagtyring & pspwanesh |agaet SPRREISING: a

roT1an prabd stel ¥ ouldl £ 1A BE I abUPM) DY aRRMONE Ly RO Sre B a1 100
m xing r aéﬁﬁace%pfran%;rah%ré@amgﬁééé£sihk§éeq ﬁaghéﬁdadﬂPMEEoﬁJ‘ UpOlt ai ned;

and sintering a press-forned body I n one of vacutm and | nert gas

at nospher giffudingd hthroaghdib @it ro@iibé i at/ hi pradatdrafinBa apingirgigte, a¢de4dti Ng to
claim1l1, wherein: the sintered magnet is disposed in a processing chanber

and heat edne afi DyvapdrBh iadhened ¢o ithe soafqeei of thg sintémadsmagmet dhtdgraind Th
and di sposed in one of a same, and anot her processing chanber is heated and
caused t obgrendarypphase®f the sindorgsbmaagnetevelivnein ithg smterddamagnetaigsed to

be adher erql’anu zi:ltl:t%rgg jb‘fﬁ tnlur)]: nga rt]aac puor\]ntrde?'f ots gggl:ﬁl)’al tp?laase Sa [cfya c%nggitlgt%
primarily by R:Ti14B phase, where R is at least one rare earth element
primarily including Nd and where T is a transition metal primarily
including Fe), and a liguid phase alloy (having a higher content of R than
ReT14B phase and primarily constituted by R-rich phase) in a predetermined
mixing ratio; press-forming in magnetic field a mixed powder thus obtained;
and sintering a press-formed body in one of vacuum and inert gas

atmosphere.

2. The method of manufacturing a permanent magnet according to
claim 1, wherein: the sintered magnet is disposed in a processing chamber
and heated; an evaporating material comprising at least one of Dy and Tb
and disposed in one of a same and another processing chamber is heated
and caused to be evaporated; this evaporated evaporating material is caused
to be adhered, while adjusting an amount of supply, to a surface of the
sintered magnet; metal atoms of at least one of Dy and Tb of the adhered
evaporating material are diffused into the grain boundary phase of the
sintered magnet before a thin film made of the evaporating material is
formed on the surface of the sintered magnet; and the first step and the

second step are performed.

3. The method of manufacturing a permanent magnet according to
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sintered magnet; netal atons of at |east one of Dy and Tb of the adhered
evaporating material are diffused into the grain boundary phase of the
sintered magnet before a thin filmmade of the evaporating material is
formed on the surface of the sintered magnet; and the first step and the
second step are perfornmed. 3. The nethod of manufacturing a permanent magnet
according to 29 claim?2, wherein the sintered nagnet and the evaporating
material are disposed at a distance fromeach other. 4. The method of

manuf act urj n rmanent magnet accordin o, claim2 or claim3, wherein a
speci fic daffade %al%ftheh@%éw&o%gq% o e %YaRQfaB’élgdiné%%’j % t he
processi ng. ch i 8.varli Q,.l.fcr, e or decrease the anount of
evaporatigﬁﬁgggggégﬁgft ce&%ﬁ%@?ﬁﬁdﬁgg'thereby adj usting the anmount of
supply. 5. The nethod of manufacturing a permanent nmagnet according to any
one of clains 2 through 4, wherein, prior to the heating of the processing

chanber that BasThesprs$Rod tdfamannfidtarinignh fcith AMditenaghe® adeoaliagsiond
chanber is reduced in pressure to a predeterm ned pressure and is kept to
t hat presslaim. 26or Tdaime$ hedhatimen spacifier surfaee peeamnt rthe regmgdratimgor di ng
to claim5, wherein, after_ having reduced the pressure in the processing
chanber, maderipbée s dispesethive the prosessing chambareigevanied tedneranserat ur e

and is kept at t tenperature. 7. The nmet hod of manufacturing r mnent
magnet achOTaRiG 1. SHARENG! GFAEVIAUAD DU, HEPE I pEhEIeOY0 | he

heat i ng o%d%ﬁ%ptrl%;aergﬁgggg{s%g that has di sposed therein the sintered

magnet, clean rformed of the surface of the sintered
magnet. 8. The nethod of manufacturing a pernmanent magnet according to any
one of clainms 2 through 7, wherein, after at |east one of Dy and Tb has

5. The method of manufacturing a permanent magnet according to
any one of claims 2 through 4, wherein, prior to the heating of the
processing chamber that has disposed therein the sintered magnet, the
processing chamber is reduced in pressure to a predetermined pressure and

is kept to that pressure.

6. The method of manufacturing a permanent magnet according to
claim 5, wherein, after having reduced the pressure in the processing
chamber, the processing chamber is heated to a predetermined temperature

and is kept at the temperature.

7. The method of manufacturing a permanent magnet according to
any one of claims 2 through 6, wherein, prior to the heating of the
processing chamber that has disposed therein the sintered magnet, cleaning

by plasma is performed of the surface of the sintered magnet.

8. The method of manufacturing a permanent magnet according to
any one of claims 2 through 7, wherein, after at least one of Dy and Tb has
been diffused into the grain boundary phase of the sintered magnet, heat

treatment is executed for removing strains of the permanent magnet at a
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been diffused into the grain boundary phase of the sintered nagnet, heat
treatnent is executed for renoving strains of the permanent magnet at a 30
tenperature that is lower than the said tenperature. 9. The nethod of

manuf acturi ng a permanent nagnet according to any one of clainms 2 through
8, wherein, after having diffused the netal atons into the grain boundary
phase of the sintered nagnet, the permanent magnet is cut into a
predeterm ned thickness in a direction perpendicular to the direction of
magnetic orientation. 10. A permanent nagnet nmade by using a sintered nagnet
manuf act utesapesatune haigisdawer pbagdhe spipemperaiurehase al oy (constitut ed
primarily by R2T14B phase, where Ris at |east one rare earth el enent
primarily including Nd and where T is a transition netal primarily

LR R T R SRR S SR A e A
T Xi g T agho: ot GBI Chi b IRENIHdreld Chflof HRtvEEd AR HBURCERL a1 ned:
and sintering a press-fornmed bddy in one of vacuum a I nert gas

at mospher gior @il thet i ibdu@dady Phasebf the dirtpAsEthdghed, tHeop&ssAREntChanber
and heated; an evaporating material conprising at |east one of Dy and Tb

and di spossgheitns ontimtb @psateteanihahthiblenegsrince dwiectionmrpendicaldretat ed and
caused to be evaporated; this evaporated evaporating material is caused to
be adher ethe diteridongf masneayicorientaiion. of supply, to a surface of the
sintered magnet; and netal atons of at |east one of Dy and Th of the
adhered evaporating material are diffused into the grain boundary phase of

e e Tt PRl LA Bl MRS Ol 6 RAL G AA  1S
manufactured by: mixing each powder of principal phase alloy (constituted
primarily by RsT14B phase, where R is at least one rare earth element
primarily including Nd and where T is a transition metal primarily
including Fe), and a liquid phase alloy (having a higher content of R than
R2T14B phase and primarily constituted by R-rich phase) in a predetermined
mixing ratio; press-forming in magnetic field a mixed powder thus obtained;
and sintering a press-formed body in one of vacuum and inert gas
atmosphere,

wherein the sintered magnet is disposed in a processing chamber and
heated; an evaporating material comprising at least one of Dy and Tb and
disposed in one of a same and another processing chamber is heated and
caused to be evaporated; this evaporated evaporating material is caused to
be adhered, while adjusting an amount of supply, to a surface of the sintered
magnet; and metal atoms of at least one of Dy and Tb of the adhered
evaporating material are diffused into the grain boundary phase of the

sintered magnet before a thin film made of the evaporating material is

formed on the surface of the sintered magnet.
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