SPECI FI CATI ON PERMANENT MAGNET AND METHOD OF MANUFACTURI NG SAME
[ Techni cal Field] [0001] The present invention relates to a
per manent nmagnet and a net hod of manufacturing the permanent nagnet,
and nore particularly relates to a pernmanent nagnet havi ng high
magneti c properties in which Dy and/or Tb is diffused into grain
boundary phase of a Nd-Fe-B based sintered magnet, and to a nethod of

manuf acturing the pernmanent magnet. [Background Art] [0002]
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[Technical Field]
{0001]

The present invention relates to a permanent magnet and 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 in temperature beyond a
predetermined temperature depending on the circumstances of service of
the product to he employed and therefore that it will be demagnetized by

heat when heated beyond the predetermined temperature. In using the



[ 0003] On the other hand, since the Curie tenperature of the
above-descri bed sintered nagnet is as | ow as about 300C, there is a
problemin that the Nd-Fe-B sintered nagnet sonetines rises in

t enperature beyond a predeterm ned tenperature depending on the

ci rcunst ances of service of the product to be enployed and therefore
that it will be demagneti zed by heat when heated beyond the
predeterm ned tenperature. In using the above-described sintered
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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




The permanent nmagnet manufactured in the above-descri bed nethod has
an advantage in that: because Dy and Th diffused into the grain
boundary phase i nprove the grain magnetic ani sotropy of each of the
grain surfaces, the nucleation type of coercive force generation
mechanismis strengthened; as a result, the coercive force is
dramatically inproved; and the maxi mum energy product will hardly be
lost (it is reported in non-patent docunent 1 that a nmagnet can be
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I n additi ohhesipMearend3.2009) used Dy and/or Th that is scanty as

nat ural respyrces an tabl e pply of which cannot be expected, it
i's necessarw{SgI%FWr‘g‘\;gejﬁgerﬁr‘ ctivity by efficiently executing the
filmformat imbm‘m%{) %géﬁﬁ?;b-?% Iﬁb@nt?diﬂf ace of the sintered nagnet

and the diffusion Into the grain boundary phase of
t he sinterefd0®dgnet. |1thao81

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 Th 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 ard
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]




Therefore, in view of the above points, a first object of this
invention is to provide a permanent nmagnet having an extrenely high
coercive force and high nmagnetic properties. A second object of this
invention is to provide a nmethod of manufacturing a pernmanent nagnet
having an extrenely high coercive force and hi gh magnetic properties
at high workability. [Means for Sol ving the Problens] [0009] In
order to solve the above problens, a nmethod of manufacturing a

per manent qﬁgﬁgl according to claim1l1 conprises: a first step of
causi ng at one of Dy and Tb to adhere to at |east part of a

surface of irog; BRIR%S 816a qsﬁgt,{bog@(:@@ng%itﬁgég g{jeggg% ’B‘i‘tﬁlaﬁ-ﬂﬁgﬁ‘uﬁﬁg Qhd

step of diffusing, through heat-tre eterm ne

t enper at urgernainene asdgret eacodrdyg tnelath lactiepdsest a filke stapr dfanasitly dthe
sintered magnet into ]géai n_boundary phase of the sintered nagnet,

wher ei n t hieast woer efl Bagaed Th tmradhese uice @t bleashi pantgok ac wupfaseeef of
princi pal phase alloy (cgnstityut.e rimarily by R2T14 hase,. ..mere R
ot | easPoBREspat e beped tifferBR oty and ol oo =R ChRENERe T
o o Lransili . . . o o

ai 1 oy (avtmoagh BEaElroAbERE bt ¥ rRRtdpnited RmpAafud, b RysC o3Py
consti t ut esindThRadlicrbd pbahe)surfaca ofthdeieerdd atheiiek i Ealn Goundary
press-formng in magnetic field a m xed powder thus obtained; and

si nt eri ng Bhanecfshe sinterpdowagneh wheyenr theauniered mrgneé is mgaaifactured
t h .. 0010 A di .1 t hi i ti , . th i nt d

oo Pher o LAk gty ARG b ab Bheld HER KPR B
princi pal gbgﬁgrgié%&v %#gféh% is' 91 BaBh a3 %Je%fl@ehe FERA 2 ?c{ﬂarilaf

ground, an tér ded and sintered, are [arge 1n grain an

round in siwehelitg Nl and edrereqtiseptraasitiont @ptal getifaiily tichelihgFedmndand
rare-earth (Nd)-rich phase present in grain boundary increased with

good di f f usilisywiq iphese allep (havingea higher eomteniyel Rithan RelinBrohasg eawd ¢
o b oot SRS OB O i WIS PR Bt
conpar ed %{)eesif&%aﬂgqnm%ﬁe&g{)ﬁm% dfgﬁkefa ;gagvaié?'thﬁg oﬂfﬁn@d;la%glfgfe'}fi@ :

Therefore,” by execufing t ove-descri processi ng on

si ntered nagpais;foied bodpin bie of vativii &§hd inak ghbatmespheral ons of Dy
and Tb into the_ rare-earth-rich phase of the grain boundary becones
faster, and@M@lnmetal atons can be efficiently diffused in a short

e SRR o SURRCTRY B8R BB TR b

S22, o MR G, G054 P LRARSBRGDEL L 7ol
phase alloy are separately ground, and thereafter molded and sintered, are
large in grain and round in shape (i.e., 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




Preferably, the sintered magnet is disposed in a processi ng chanber
and heated; 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
heat ed and caused to be evaporated; this evaporated evaporating
material is caused to be adhered, while adjusting an anount of

supply, to a surface of the sintered magnet; netal atons of at | east
one of Dy and Tb of the adhered evaporating material are diffused

into the grai I f, t intered.. et betore ., a thin
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sintered NMBGBRY stePSar fe@fdtled. SUbsequent steps are not particularly
required, thereby attaining a high productivity. [0018] In this

case, becaul®1@he grain boundary phase has Dy-rich or Tb-rich phase
(a phase having Dy and/or, Tb in the.raﬁg of 5 - 80% and, further
because Dy anchefordmg to thisreealguraion idsreveperajad reyaperating material
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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 Tb, 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.




[ 0015]

anount of

If a specific surface area of the evaporating material to
be di sposed in the processing chanber is varied to increase or
decrease the anobunt of evaporation at a constant tenperature, the

supply of the evaporating material to the surface of the

sintered magnet can advant ageously be adjusted easily w thout the
need of changing the configuration of the apparatus such as by
provi di ng the processing chanber with a separate part to increase or
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attaining a high productivity.
{0013}

In this case, because the grain boundary phase has Dy-rich or Th-rich
phase (a phase having Dy and/or Tb in the range of 5 ~ 80%) and, further,
because Dy and/or Th is diffused only near the surfaces of the grains, there
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 Dyrich or Thrich 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.




[ 0018] On the other hand, prior to the heating of the processing
chanber that has disposed therein the sintered nmagnet, preferably
cleaning by plasma is executed of the surface of the sintered magnet
in order to renove an oxide filmon the surface of the sintered
magnet. [00191 After at |east one of Dy and Tb has been diffused
into the grain boundary phase of the sintered nagnet, heat treatnent
I s executed for renoving strains of the permanent nmagnet at a
tenperaturenkhgz is lower than the said tenperature. Then, there can
be obt ai ned a pérmanent magnet of high magnetic properties in which

the nagneti zat PedfetdHI@NGHbY t6 e REAUARELE (NS prOSce8ind’ ehdHbdNhat has
| mproved. [00201 n addition, after having diffused Dy and/or Tb
i nt o the gdwpnsdsbthedeinythehsinterefl magnetj thecpdessingn ehambieigyeduaed i
magnet may be manuf act%{?ed by autti ng it i_niﬁo a predeterm ned
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orientation (ﬁte,ﬂordi ng to this configuration, as conpared with the
case in whi L% e sintered magnet of a bl ock form having
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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 Th 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




[ 0021] In this case, if the sintered nagnet is cut into a
desired shape by neans of a wire cutter, and the like, there are
cases in which cracks are generated in the grains which are the
princi pal phases on the surface of the sintered magnet, resulting in
a remarkabl e deterioration of the nagnetic properties. However, if

t he above-descri bed vacuum vapor processing is perfornmed, the grain
boundary phase has Dy-rich phases and further since the Dy is

di ffused o r 1 h r ahnNs... The re, even in _case
11 used OBlbuBatabiihed Ut 368, Aol oS e IBLELANGR EUS RpS
a pluralityrebsdiig, theitakfsy the sinfétedan s THIAD anf Rt FRONRL hocessing
properties are prevented from gettl ng deteriorated. In conbination

with the fcambératan e perfoshedgnwerdhorernbmer eJier preparhre wank b
obt ai ned a per rraneng magnet that is superior in productjyity. (50022]
Further, |®XeSHHEE (tBe sBRGHIR L FaReh\ROgessEY peasopiesbsupplifietheand  the

per manent ﬁf‘%%?ﬁ“%g%gweﬁﬁgpﬁﬁgﬁéai m 10 is made by using a sintered

magnet nman cture ach powder of principal phase alloy
(constitutefpoeninarily by R2T14B phase, where R is at |east one rare
earth element primarily including Nd and where T is a transition
metal primarilinithid cakengf Eb¢ ,sinteded rhagnatdisphigismtal 4 algsirhd\whage coy
hi gher content of, R than R2T14B phasge and primarily constituted by
lt-rich ph&$aps 9§ 8 WiFe getier rﬂ’%@e&h%i‘ipn&@'&tﬁr@;C%P%é@-‘f@h‘i qx@cquare
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evaporating material conprising at |east one of Dy and Tb and
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and caused to be evaporated; this evaporated evaporating material is
caused to Berfammes.dde gam boundary phaseashyuinh phasegmnd furtherssince
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[ Ef fect s oh plhealitpoéihimpleck® 02 3] 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 1s superior in productivity.
[0022]

Further, in order to solve the above-described problems, the permanent
magnet according to claim 10 is made by using a sintered magnet
manufactured by: mixing each powder of principal phase alloy (constituted
primarily by R:Tw4B 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. The sintered magnet is disposed in a processing chamber and




As expl ai ned herei nabove, the nethod 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

hi gh magnetic properties. In addition, the permanent nmagnet according
to this invention has an effect of having a higher coercive force and

hoeet i oaoRgdsd:, Ph Webbstie marene T rliShe gt TeiHeon oh Dot Thond o
FIGS. 1 angigfoselNfh BRE HRNEBAMEBENE hniHE ﬁrB&seZsrsi;r{agsfag%ﬂaB& i heated and

manuf act ured by si nul taneously executinga processes

(vacuum vagmisefirtodesevappratell: tleavapetated caaporasding metdrinladhansedfoy
evapor at i ng material v containing at |east one of Dy and Tb to the
2|

surface of baafbered, Bhilassiusting an amavag oé suppla: tormetiface ofi thirsintarest
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starting nfilmrimadei of the evaporating material is formed on the surface of the
sintered magnet.
[Effects of the Invention}
[0023]

As explained hereinabove, the method of manufacturing a permanent
magnet according to this invention has an effect in that the Dy, Th 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




manuf actured in the foll owi ng manner by a so-called two all oy nethod.
That is, there is obtained a m xture powder of a principal phase
alloy (constituted primarily by R2T14B phase, where Ris at |east one
rare earth elenment primarily including Nd and where T is a transition
metal primarily including Fe), and a liquid phase alloy (having a

hi gher content of R than R2T14/3 phase and primarily constituted by
It-rich phase). In the enbodi nent, the principal phase alloy was
obtained b | [ r ' 1]

oDt 2l 164, DieRATMLALS 09 55, s Row bl B SETAEN GATRARY (it
fusi on casThay isfetherd, ist bletaiidd @ mﬁuiracpaw@a af laoprineiyaletleideahllngs
coarsely chshed in Ar, e.g., .to below 50 neshes. On the other hand,

the liquid cgn%tsfeltatl m;mml-y by STodt ahaes vbberp&nmaatleafr@ aue, ramy eaw

F t t t

1y £ fETient BrTRA RRGHIOBAY BER Stierhas gt ABEREE, AR SEHEABhe
f

manuf act ur gl ﬁlhgf%agﬂ%fa ﬁhﬂﬁﬁsgﬁé’&r é@dw(@%ﬁ% Iol?ﬁ?% nt3nf of RF than

bel ow 50 rres e obtarne e principa
phase and RiF.sBowhase 0hnd herimamiyd d&h@ﬁﬁxt@@rb MR<gehi Phase). In the
predetermned mxing ratio (e.g., principal ase | i quid ﬁgase =

W % 10 wt vpmbadinente the peincial Sdiage alloyheas blytainert bgé‘nrmu hign e, B

B;‘)fifsmf"‘{‘ﬁdffn‘désx% e mned BhBa0titEn ety theehy PR R WAk aD U
m xture) pPANEekateiaeh a%a@vﬂ‘@@"ﬂsﬁﬁrﬂ&%‘ﬁg ng&hkgrfﬂe&xgtm@%ma&cnﬁed aw

meal powder was oriente n a magnetic

conpr essi oalopraethdteiial &apicodnr thuehed fhApe. 8 UENbaAsWH0 meshes. On
paral | el epi ped or columar shape in a metal lic nold. Then, the

conpr essi otheethgr hapddiheliguisi phaseedloyrwas also @b&me dibyddrmalading Nds

to thereby_.obtaipn the si tered net. .Accor o this
cont i qur at PnCor He i agdsroupat RIBPasiErR FBteg 18d thesghe masfaringen

| arge and aﬂg‘nogagfdfagénsl i 2 KnBeh kaﬁﬁﬂg %et}gpoq(ﬁd@%% 40“

properties usion characteristics -Ticéh 10
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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phase that is present in the crystal grains (i.e., the
rare-earth-rich layer that is non-magnetic and enhances the coercive
force by magnetically insulating the principal phase is diffused in a
state of being increased by nore than two tinmes as conpared with the
one manufactured in a so-called one alloy nethod). [00271 In
conpression-nol ding the alloy raw neal powder, in case the known

| ubricant is added to the alloy raw neal powder, it is preferable to
optimze t i n: . faGgt uri he

o nt or ed rRge gt it Bfimenfuf ARl ket BEeidh €0, Ble MROUEARLALK e G
magnet S f gidtds wohithagridif: drth@chatced tBdtoerdide Johce AFGRAGMGLEAG t hi s
configuration, wthout being influenced by the residual carbon in the
si ntered ningudatig t}[%/pléndpe?phmeeﬁd idaffesbdtin & states of haing indreased by

si ntered magnet, can be efficiently diffused into the grajn boundary
phase. | 1 NES et 0 Limpspseapaed avithihg ee maﬂtf@tgrﬁd@%évﬁﬂg%
magnet havj I ercive force can be obtained due to the

di f fusi on %]?@fgo)g%%?%(%ﬁTb into the grain boundary phase. However,
this will djggan]sh the advantage of adding the lubricant to the alloy
raw meal powder, the advantage being in that the flowability can be
secured duringle mnppmﬁgio@mnghu'g ithe iaHoy mewnmealapdiweddy] gl casendhet bvown

o1 becomBHiaant shadthte he.aliny R el aiitient o axSIaBiiap 69 oRfaze
Tover ed. - C teaRiRetn BXGH Bt I hebd0r ARG RIOBR b faeliment 5o,
12 gm these et theembean Graiv ldiarietel AFRRE Giktepal ffhgnBe il @thiss the

| arge. In addition, since the surface area of the grain boundary
becomes snzdnger of dhemr at 12 pof. cArwedingatd chisodonfigaraasn,dwithoohtedns

e, G, Rl S A S Bl
Th, dth i i i . : o i q
R

producti vi the gidin §RAd8Ey phasés Edwmbsn fphrfdn dianfetépGH WMATRPGhan 4
processi ng apparatus 1 for executing the above-described processing

has a vacupm, alperenes magnehhaking phizbswescivaforbecarebe obthinel dantb
kept at, a predeterm ned pressyre (e, g., .1 x 1Q0-s Pa) through an_
evacuat i ngt}EF‘EE&EJSPP h a&é-? ocrﬁttbﬁlt%h% 8tainboyndary Bhossyudfewener s on
punp, and e J.ike. rey. i LI Nt v.a anber 12 a hox
puTD. 21 W it V) e Sl BRSNS ARSI SHETBEL i, Aol
upper surf 3eRdeeithe «dRaftagdbbingihthRdthe 2B WABIIHY dah B@ts@@tﬁ*]%ﬁldhring

nount ed on the open upper surface of the box part 21. [0029
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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A downwardly bent flange 22a is fornmed along the entire circunference
of the lid part 22. Wien the lid part 22 is nounted in position on

t he 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 netal seal is provided), so as to define a processing chanber 20
which is isolated fromthe vacuum chanber 11. It is so configured
that, when the vacuum chanber 12 is reduced in pressure through the
evacuati ng ﬁﬁﬁ@ 11 to a predeterm ned pressure (e.g., 1 x 10 Pa),

t he processtng Chanber 20 is reduced in pressure to a pressure (e.g

5 x 104 Pa) Ul i eYGSUnSh Akl Wl ﬁgbgefseitl%éggﬁ,afaag_i%"

in the vacuum chamber 12. [0030] The volu ocessi ng
chanber 20exerusielp, thealabnge-ldm;armndn@rdmahgohas he veeaummf cleempéat 1201in
t he evapor agmng material v, such that the evaporati ng material v

(ol ecul esWhi¢h o mressaye cagthrorssinerd te aand, keptugtp s redetermined ipnesseel

d | | f d b
Coll T e onak. éﬁé {107 P 3RS #h Brptiachie ichBE H1en, sdt'uaﬁeat@%%
set to havguin Eﬁ%ﬁﬁﬂﬁ atusich Band)eld®tiy titef oTHE By a

heating neans to descri bed hereinafter, and are na e a mat eri al

t hat does watuum ahamber 2 iné)om/lmdgrzitomgnsmgelal ﬁicta/ngulﬁr phﬂﬂﬁaldpmed
I n ot her V\grds when th evaporat i ng material v is, e. b, in
3

case Al 203PgRiPaKEt 24 Wit e‘ﬂﬁl useer parfage bfemgrrmeyl \a@dudmdapwra unéucls is
d, th t hat h
eact s vﬂ ﬁe@&%@@gﬁéé e ienciins: SprBen, A e d e ndt 847 P ace

t her eof . ogi]ngl y, the box body 2 is nade, e.g., of Mo, W V, Ta
or aIons o them (including rare earth el enents added M alloy, Ti
added M al | oyA aduwwiwerdly kéjent Clang¥2@Raorisoxfoti@ed ofaledyg € thar bhtire

el ements, or copstituted by formng an_inner |ining on the surface of
anot her i nglﬁ?%f‘%ﬁgn%f)grthal hdA’f"é‘éaqu ngwéﬁndtl'@lhdopart&% is mophtedain t y
of Mo wire

pr edet er mi %ﬁﬂ O(S'ht?'ef paar%rtngfQBéto# g"‘ﬁ‘% é?ﬁ P% Eﬁ? %@nﬁ?@ t§t§|§ %’ﬁﬁ’%tm%o
chamber 20¢hButdd ah PRGN bekt23P (@ AibTeALd. Lo Shodlil! &R duPRYRC S

S can be placed side by sid e evaporating

mat eri al vmesalaseadlik q;rocmetlhl gu ag toOdefing ar brﬁesﬁhglmﬁbeﬂﬂm @fhifly i@nd
Tb whi ch | arg%t g i nprove the rraﬁnet ocristal I'i ne ani sot rogy of the
pri nci pal ed frema the vasymepchambpy 13 sHolsetp emfigused tthat, suhéméks

side surfages@h dahi®ReSt {ARaula i 5Bl Re s SR AR e 2 0mel D052
11 to a predetermined pressure (e.g., 1 x 1075 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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The vacuum chanber 12 is provided with a heating neans 3. The heating
means 3 is made of a material that does not react with Dy, Tb 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 heating nmeans 3 conprises: a thermal insulating material of M
make which is provided with a reflecting surface on the inner surface
thereof, and an electric heater which is disposed on the inside of

t he thernalv%giglating mat erial and which has a filanent of M nake.
By heating e box body 2 by the heating neans 3 at a reduced
pressure, the D oeswdids chhewelic Stapodatingnifefihlv iealLdDyTRYLRathe
box body 2, whereby the inside of the processing chanber 20 can be
heat ed subdlfhtwhichys aftehmsed yn anrdirgegacuum apmestus jstused, thieré imow

be nmade of the. uf ac i of ~a permanent nagnet M usjn he
above- desc?ipﬁ'éﬂgﬁggﬁg‘# ﬁé’p% 1 e AnoR AMERRRSIF Feagts Vﬁths‘&é# Soaf to
sintered nRYRE j cal.d ] he - i thod
are placed on %%gége r?%%&sgﬁdﬁ%lgﬁg%em%p%&gk %%?’?‘ M%f%fa%ﬁé b%%dbé’g? t#e
evapor ati nis WRide| ieag., \6fi Mop|Wcat T ok halihiat b0RheM' linckiddhg trife RA¥th
part 21 (according to this, the sintered magnets S and the

evapor at i nglemenss iadded Me ealbliys fosddedtMa alloyt and ethier kike)e €40, 0¥ 4®y o1t n

t he processi, chanber 20)., After having nmoupted in position . the lid
part 22 onO’FHgs Bgé?'FeLﬁ% elefrenise OBF("?W&“BQ&:Ebg?Itm%, an pangfolinmERn 2

5 Phe.vac i, SuRhss 6f SRS dBRRlSMSHTD S A bR BERIA M FEAEE
neans 11 tpeirdAguefMOdiRer (12, 09 VAL Hah €diatis lartdndeBonh 88 tiRe at2a0

predeterm ned pressure (e.g., 1 x 10 Pa) (the processing chanber
i s evacuat redetermiped deighs feer dheabottakd sutfadef indihgi irobésyivey clismlnert 20

above) and.t he.pyocessin hanber 20 i s heated by actuating. the .
heat i ng negﬁgﬁéfp ] ﬁ’@g\?‘j@&mué' Wb@fsuitfr magpgtsre ap jhe placed side
pr edet er m ‘RL es ( 1 re In the
pr ocessi ngﬂggsa{%er %qﬁgsg‘&lﬁc %lad’t ;{1%§;r}}vtgg§€atetflﬁﬁé§{e¥ Ieaﬁ‘p r'at ﬁ?ea]l]ﬁyder
reduced pregftirng Dér MABTBGr A 16418 ohe of DY &8 TB G 141%@1);%%%? bR

e e

chanber 20 is heat to substantially the same tenperature as t
pr ocessi ngmeiganteerystallinananisotaops of vhe erivcipad, pleasd, and ds dippabdpristely

vapor at nosphere of is foryred |pnside the processing chanmber 20.
Si nce the éigﬁ%"‘%é&l ﬁgéﬁef%wfams sipréacgs epadep surfage gf theproeessingn

each ot her starts evaporation, nelted Dy will not be
directly a%%@g%% the sintered magnet S whose surface Nd-rich phase

is nelted. [Jg32] Dy atonms in the vapor atnosphere of Dy are supplied
to the surface of the sintered magnet S that has been heated to
substanti al | y The wansm ehqmbar d2eisaproRydddr wmtha apheatidg teamk 3. The
directions,either dir c,tlyé)r Py 14 .
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., so as to enclose the circumference of the hox 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 is 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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repeating collisions, and get adhered thereto. The adhered Dy will be
diffused into the grain boundary phase of the sintered magnet S,

wher eby a permanent magnet 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 magnet S so as to forma Dy (thin film

| ayer Li, the surface of the permanent magnet Mw || be remarkably
deteriorated (surface roughness becones worsened) when Dy is
recrystall if(ﬁﬁgll n addition, Dy adhered to, and deposited on, the
surface of e Sintered magnet S that has been heated to

substanti al |y Ahgssdftioh &HDIERGY HeCmdHt iof §hd MOLQHRENGIELE a PRadeand
Dy will excessively be diffused into the grains in a region Rl near

t he surfacwagnet Neusingtthecabovaylestril®:d yYacuam gspédrt prachssinmgpparatus 1.
properties_capnot be effectively inproyed or recovered. [0036

That is, oFiiat aO{‘hPﬁf f SITHE emagn& 'S 1BRfiRd T ACIOaneT a@ellbf thee
sintered t ; Siti . ac f . the

S or o TSRt BenhE REATR SOIACHL LA RO ISR B R0 oL bl

conposi ti 01, AT Byt NEtIAVEpOEatiRFTRAREFHRPY 10 BLRER on¥he Bdttom surface of
conposition, the liquid phase tenperature | owers and the surface of
t he sinter the rhmgneparts 2Jefsccopdingdtq i thas, , thehesimterert i paknetisaSe and the
nmelted and the amount of, liquid phase increases). .As a result, the

1 q S .
regi on neafVaReEaWns fuateriy v aze dhsnoged @t A grdancs fromypepeh @thergin the

col | apsed gﬂge it} [ ddi. t:i.aon, .

excessi vel pe%]&lg#? gbgglb??lt&?g 1 h‘éﬁgrr al ggn%[a%gg?#ee% ﬁiwg H%hgnltg?ébd B%tu%%
of liquid phake opesl vphes shbficédXithd BbL Parg?1 PiHRdbd belid2tifpld@manent
flux density exhibiting the nagnetic properties are further | owered.

[0037] Accprafiebgymived hpesitéorb eaictosed byDyhe hebting feans (3 i shantdcakiby
spheri cal Shape). 18VLRS FiaS! B Aol kit oS 11 tho
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 beated 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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was di sposed on the bottom surface of the processing chanmber 20 in a
ratio of 1 - 10% by wei ght of the sintered magnet so as to reduce the
anount of evaporation at a constant tenperature. In addition, when
the evaporating material v is Dy, the tenperature in the processing
chanber 20 was set to a range of 700C - 1050C, preferably 900C -
1000C, by controlling the heating neans 3 (when the processing
chanber is, e.g., 900C - 1000C, the saturated vapor pressure of Dy
becones a : - ] e .
Compor at ur SrPRPE oS fud okl duiditg bl hhe plheled” Dy, vl pe

t enper at ur giffaked ivetothatg@afdbowdi§tphake iof the bRiteréd0kagh&teS Vehefdhla Of
diffusion of Dy atons of the evaporating material v aghered to the
surface of pemansnimeagnetMgantbeSbtainedt he grai n boundary phase is

ret arded. L@'S t hus i npossible to nake the Dy atons to be diffused
and honoge c9§ Fy penetrated into the grain boundary phase of the

sintered magne t t fi i . f

sintered magne{\s gﬁﬁ%{{}]ﬁp higﬁ%)'t ;E’e‘srah%%r?g% I%E Bﬁ%@é’e g%%%?%fﬂ?%ﬁra%ﬁoes%}ﬁ%c,
the vapor preeagiplieditdche aaefcadfitidsintdroe nidpriht §So Adtd fRnVAWBY (thin
at nosphere are excessively supplied to the surface of the sintered

magnet S. filmhliger ildn the werface of shppesmbnent ;naghet Moyille xbnparkably
di ffused igto the grajns, Should Dy be diffused into {he grains, the
magnet i zat a%ﬁrlpmt@ﬂsia@wﬁaﬁ% Foughn¢sss becogragat wyrﬁeéﬁdieavlwm, by s

t her ef ore, i t nent flux densit
are furt nerecRayiaE HERRon T herBRdo. 4151 BARRREL ) WHE pERRRL O

grai n bounglar ¥intbase nhgfiet €S tthat tisNbédd MeaBe t& Rublst AUBMIRS 3hé NGme
material v is formed on the surface of the sintered magnet 8, the

rati o of atemeperhtwngr lucimgapeccessing hgetsi meted damdiget wil dixcpssiedy ose
the bearing..grid.2la jn the processi,n anber 20 tq a total surface
area of th&fﬂ\f‘%’l‘gdpgﬂ itir"\‘@ gy 12 W&#ﬁfl@%ﬁr%dﬁ‘é‘gﬁe &he stgered
bott om sur fathg.pto i C . L t ahl | . range
of 1x 16 gtst's,' (ReChRAR, Whor BBIEHe SobBi® chinof e phtediyely

10-1- 2)< ovh A oF ee@iersdases wWhere a thin filmis forned on the
surface of the sintered magnet S and thus a pernanent nmagnet havi ng
hi gh magneti®®36loperties cannot be obtained. In this case, the

above-describegd ratio shall preferably I, wthin a range of 1 x
10-3 to 1 x 10302%Hd Onke 2y Pehlse getda) ek Dyt ored on o Sarfees af iher 02
'S nore prSﬁ:@ér@ﬁlxﬁagnet 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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[ 0040] According to the above configuration, by |owering the
vapor pressure and al so by reducing the anount of evaporation of Dy,
t he anount of supply of Dy to the sintered magnet S is restrained. In
addition, by heating the sintered nagnet manufactured by the two

all oy nmethod at a predeterm ned tenperature range, the speed of
diffusion of Dy and/or Tb into the grain boundary phase becones
faster. As a result of the above-described conbined effects, while
the Dy is V. f i Lwve LEfus hnt .t.ne grains
n the rogias BRPREd o e Rk 3arEE BT INE oo AR S0 b
atoms adheppd mo%hgz Wééé}ﬂ(}ﬁ 18k difRréd HLnefl siBINBIreduédPhdmount of
efficiently diffused and spread into the grain boundary phase of the
si nt ered nevmEratichater eonshantatbmaperdtude. aloaddijiatn, cepos thecel apodaing m

Dy layer (thin fjln see FIG 1). As result, the permanent magnet
M can’ be pPé\F%ﬁFjeﬂgpgfnﬁlfe‘ie&R%ﬁéFﬁr}ﬁ the Deaessingrohen HeiBAS setnkp Dy
can be res j.n RoJeTAN=T=PPT=De ' bhfU st the arain
boundary ng%%et ﬁg 7@93?]%?03’? (ﬁhéﬁg‘?f&\ﬁg §ggn(%gn§t%.ﬂol¢} ﬁ%i?“ﬂ%ﬂﬁf& ,th%y
having a Dyeififf nitidse3 (whd ARy FRMIsHNEREMBYr {sNe N B00RN0E 1060°T, the
80% in the grarn boundary phase and by diffusing Dy only in thé

nei ghbor hosaturatadnaroupressare bf Dydegomenabouthex ifghdbilzatlddPa).

intensity agéj cqerci ve force are effectively inproved. In addition,
there can bE'®ained a per manent magnet M that requires no finishing

k and that | ' j tivity. | hi th
per manent magnit TNt Camgrile FGERHE Arhisiing Uphiind A Gacstpiely ehe
el ement - 1 i GBafiRA%6mpHBALGPE 6L MhE BirteRdoka BetAOheldR 10MRE, tife VEEE, | N
nore than double and that has good 17 diffusibility, whereby the

per manent nfdiibsidd 6faly atding bfthecomporating orateria] ©adhéred to ths ssifaes
in FIG 4, t\1\)/(2:l<]an_thelvaﬁintered n,a(tgnet Sis worked into a desired )
conf i gur at PbRe,§intexsd, magnet 8rinte fhe grain houndagy phase iy refgrded. It is

manuf act ur 8‘996‘] -de i intere 5,; there are cases
where cr acEs Léoﬁc}ggr ngtﬁg’e ;a?glbc%g %i%ﬁ?gﬁé’%‘%g@%eﬁc?ﬁ Ihoﬁ%fge%‘f'?%f he
surface of pbhéirsiddliRte ehd BENRbounAa Y bhisk sMt1R sfiﬁi@é&%p%g%et before the
deterioration in the nagnéetic properties (see FIG 4(a)). However, by

executing thim filboisfotmedonbihe suafacs ol vimparedpnagestss. ndOn tthe beherildndbe
formed a Dy-rjch phase on the inside of the cracks of the grains near

the surf acat thetempezatureabove Y0500 thevapan grrssiuaincsenses paddhug thed

coercive f are recovered. On +the other han by ;executing the
above. descIMpTaRiral M R68 PrmpORhas ath xions i Pu P BTy FEtE ofas
the Dy-ri chhdbrgereandalnéd ST IiPdGieton, thdrbys %%d%@imm@ﬁfattﬂsew%ug{ pee
of the grains. Therefore, even if a permanent nagnet i s obt/ai ne y
cutting a diffusedethtontiretgrains| o8kodaPe, baf diffusbdvintg @ixegdiad, the
above-descri bed vacuum vapor processing, intqQ a plurality of sliced
thin pi ece¥iagneHigatien ontensifyria thgtgramsagErenidy Irpfecedsand, gderefetee she

t he magnet i roperties of_ the per ent _nmagnet [get Mhardly

det er i oratlefcﬁ TR o%&%dpwdtuﬁt 2EHsEC ﬁe%ﬁ%lﬁt: fglxsidﬁfl ¥ d@Tea fHEDeps
bl ock shapesfigéing predeterm ned dinensions is cut into a plurality
of thin pieces; the thin pieces are then contained as they are by

di sposing i f0Gi ti on inside the processing chanber; and they are

t hen subjected o the aboye-descri bed vacuum vapor processing, it . is
possi bl e, for ei&hﬂﬁe&,mﬂgﬁ@?% Fﬁ‘t&ttﬂé BtRY} Peundaryphase helevethy thiny

t aki ng thegsi.nger n i f h od . Al

the prepar g‘?%r §%v(%r fpre%ygg%t??%gﬁ .eelfégtyg\l/sefé}‘ggecdr)?geﬁwvg%ﬁﬁ?ﬁ \9%8]8?
processi ngsﬁﬁ@%ﬁiaﬁﬂ@d 8! theai@iol dTe fotAl SENG dvRh lof ktBe Qﬁ&efe@%h?ﬁ&- S
Consequently, a high productivity can be attained. [0042] Cobalt (Co)
has been aduspdsdd ohhitheneeoymg gridnBiman thé prbeespivigochamberl80 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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because a neasure to prevent corrosion of the magnet is required.
However, according to the present invention, since Dy-rich phase
havi ng extrenely higher corrosion resistance and at nospheric
corrosion resistance as conpared with Nd exists on the inside of
cracks of grains near the surface of the sintered magnet and in the
grain boundary phase, it is possible to obtain a pernmanent magnet
havi ng extrenely high corrosion resistance and at nospheric corrosion

resi st ance, \w,t sin . Furthernpre, at e tLr f di.ffusi ng Dy
adhered t 01';‘\%5 %gﬁpgc Zn%fr%?’r?e"tg‘?ﬁ %ﬁ‘%’:fd’ﬁ&t"tfg,x tslb g”egfhﬂjrse heze g

i ntermet al {465 GHER o) STl i i tm%

t he si nter%adc?g?mgnetgl%fhﬁhe mé%]g a%?riértg%%%,ﬂ{c%g?égﬁere E%%%Etg
surface ofande¢hes at perethmagabgitetahevihgriigk meagidtid propeytied tinsadbe

[ 0043] Final ly_ after having executed the above-described
processi ngoitaines. pladhissase e ag@wp@asmqui nagio(shadl preferablyyfabiowithin

t he operatjgn_of eat i ng ns i s stopped,., Ar gas JC'a
is int rodu%éﬁng%?if)f'%ﬁg) %rt(?rc}'e)érs{:é%ga% hpd ov§8fe[5ﬁ1;18gfgﬁgtéo Bgi x ok Go

i ntroduci ng 1@%%&ﬁ§5reg—érwgrat ed), evaporation of the evaporating
material v is stopped, and the tenperature in the processing chanber
20 is once j0d40]ed to, e.g., 500C. Continuously the heating neans 3
is actuated once again and the tenperature in_the processing chanber
20 is set to aApwhdimsofo Wepabovesgmdguandomebi lawaringthe vhper prassuieng

or 1 acover AP A0S BT ie AR RAD 5 RPFE O G R OB <
i dl t ial! t ;
ot akon ot DR RE SRR a9y ARERY, VP AR Du BB I

of the presiatdred megidtananafadenedipt ilentwnslibeaivthod at af prefeRxaiid e
i n which is used as the evaporating materjial v. However, within a
heat i ng te%m(ﬁ‘ﬁwlﬁ rangge the spaed of sliffasior of BpgodyornThtingo shetgraby

0. AT 2 Y
b d. | : ' ' Vol H;
For mand he L SEREETRETE T O P e T R L e e

reduce t heimonhagransduahenagioanfaicaa thekiitfate bEMEEiAteded. miBYRY o
wi thout being limted thereto, it may be so arranged that a pan

havi ng a r Byeajewg asheped ththe swefaescof thersintered srasmet S eayi bie effivieriibx
t 21t tai i t he. th ti terial. i |
Form or bufiEre and spepad pito dhe iar Pemdase ot of thy siptetsd anagnes S
ddi ti on, . . . . |
s on, Blied APUNELRY SEeMlegB QBRIA RS T ik iRl
mount ed. [ GR4HIG. 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/or Th that is mixed in more than double and that has good
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In the enbodi nent of the present invention, a description has been
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 nagnet S and the evaporating
material v at different tenperatures, an evaporating chanber (another
processi ng chanber, not illustrated) may be provided inside the
vacuum chanber 12, aside fromthe processi ng chanber 20, and anot her

R T S R

evapor at i ng[ggaalber, the netal atonms in the vapor atnosphere nay be
arranged to be supplied to the sintered nmagnet inside the processing
chanber 20 t hr Asgthowrc omHlGl cht whem thessgteradimbgosnBlisi watled idte a
processi ng . chanper 20 and the evaporating chanber together. [0046]
In this cadesirg ‘@&ijéufﬁéo%vhﬁoﬁatwlﬁ%; ﬁ‘ﬁ%@‘ﬁi apdy the ble, tafter having

evaporatin e he a,range. of .7 - 1050C (at a

t enper at ur g‘%ﬁ%ﬁ%@o&f’g& C%tﬁggg%i Wg?rgg%%%q; %3&5%?’@ qﬁseébythere
becones abgpgckd o¥cukOim? the glaiks Wohidh R -the Alrirkid APEAR 1 Shd sl BPC.
t here cannot reach a vapor 20 pressure at which the evaporating

mat eri al vthrarsibiersdi pmiaigedt,t cedultinguir ax ereafarkiables i duteriehtivagiat tie so
that Dy can be diffused and hom)%ed;;eOUél y penetrated into the grain
boundary pRgBetiey, proReTseRe(SeeanflGi ndlelse tHeweverpobit iexgeuingr thg v

is Th, the_gvap ! er _may _be heated to a.range of 900C -
1150C. At & ?‘%%%S?%P%?e"%gﬁ%('%ﬂyc?f%ﬁ%%la%c 8L BR %gﬂn%ﬁoﬁy rich
pressure aphy& 64 thBSndiBe AR GABP i t he
sintered rrg net S. Owntlhg ot her hand,8f glkbog}dtlggrpﬂee(ragttti}rgeﬁ%lg%\%ggﬁéifgé%
Tb gets di 4ol exchdrelyp thdhmagnatinatiom dntehsisy tahd dvexdivalfores argyecoraddct

and the re negt flux density will be lowered. (00471 In order to
renove soi Pn dhe ethepphandy dvapxsewarng ovher mboseidpscribeds vapwamr gdpor

magnet S before. d/or Tb is dififused into the grain boundar
phase, it ReoeRut Ao i Bobdud whas® Fae B et b 88 and TRt o ¢ o
a predet er ghtaediffis68 GH1§ AcarIthe Suifald- 1RGN a i
nmeans 11 aﬁ%d t hat St he p?ocessi neg ghgﬁgeﬁ?% %Hlﬁgdu?elg&%tf%}éé%g?ﬁes@%e
(e.g., 5 xpdfimdndd)mhgndicis obtdinedhlyi altting fysihtdréd dhggrettihdlodkhshape,

pressure in_the processing chanper 20, thereafter maintaining the
pressures PEPT hapingoetespiadithe poviesdpseribed wacuym vapar prpeessingy into a

550020110 5 b A, Bk oL e R, B GRETRY
predeterm pgegd BRh! 9He GhafhdBe prbiiBiks 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 is 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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On the other hand, the foll ow ng arrangenment nmay be nade, i.e., a

pl asma generating apparatus (not illustrated) of a known construction
for generating Ar or He plasnma inside the vacuum chanber 12 is

provi ded and, prior to the processing inside the vacuum chanmber 12,
there may be executed a prelimnary 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 sane
processin

h 0 k . bot be di inth
P oo e ABDS e 1 Bl BNGHEN o BROhno TRt B ebERE s HokBvime
vacuum chagdlagfdig 87 dher pidient LSARRILRY, @ﬁ&ebﬁg@i&oglgéﬁaﬁggi 049 mel

Further in the enbodi nent of the present inventi scription *has

been made highan eoravgidie revistancd hhé hoxoldyic? cvatosiNStdsidthet s
nmounting the |id_ part_22 on an upper_ surface of the box part 21.

However, ifomnpareswithdd exjstsrmantheringilejof cracksof guainsarear the sudfacamof
chanber 1 can: be reduced i ressure.acc anied by .the pressure
Feduct ! on 1 SRERL EREREE o he BEARBonBaRs PREReuas AptHbS tofibiaie
the above_@xlaéfe&&lenl%%a%@mﬁmﬁf bffreridl¥ HgROLsRekibANe eﬁsﬁaﬁ%eedand
magnet S into the box part 21, the upper "“opening t er eof may be

cover ed byatandsphbriofcokmsivak eesiSantd eviohder ukiagdCo. t FuftheP@ofs) at the
constructed that_the processing chanmber 20 can be hernetically closed

in the vactith diiifysingiDy adhgred to the srufateaehiide sintered moagnatri since
pressure it degendent of tPag .vacuum ¢ anb%\r. 12. 005211i .IE) thg
enbodi ment “HEF° 4RO PHEEMEIAHC cqopoupd; gntaintpg Lo, Ut Ahfegrain, Poundarse
of executi i i [ '
ot oduct | vi Tt 8] AARAL BLAGRRSS | \he! Rebll prmbbrSh B BBk 10 11
per manent smgivetof ohe binybredagaghéetcS profiethérasficientlpaliffbtai.ned by
causing Dy and/or Tb to be adhered to the surface of the sintered
magnet by U&04dla known vapor deposition apparatus or sputtering

y

Tep for ai i1 iRl Rieb PEVIRE PSR Blots Trate el Picessif 05 eai

Poundr BISSE LS ELELTRIGG, 1-ur) WResk SERGEST i
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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[ 00511 In Exanple 1, as the Nd-Fe-B based sintered nagnet S,
there was used one whose all oy conposition was 29Nd- 2Dy- 1B- 3Co- bal . Fe
and that was manufactured in a so-called two alloy nethod. In this
case, as the 22 principal phase alloy there was nmanufactured one
havi ng a conposition of 29Nd-1B-1.5Co-bal.Fe in the known SC fusion
casting nethod, and the principal phase alloy was then coarsely
crushed down to, e. | ess than 50 neshes in Ax to obtain coarse

g.,
ground po ; l.qui | her e ) uf a red ane
naving o cauns (e s B hPRBREE B olveonh oIRE TN RBS Th firy
fusion casidedy TEWaAgGo @DEndetldtO SvdRRsEnd mhAXrMRS NENKIBAL SRl
crushed down to, e.g., less than 50 neshes ih Ar to obtalin coarse
ground powaving 20082l] specifiTherfaceanda wis thal obowlened redatesthegimonnt
powder of hase, and the |iquid phase was m xed in a

tfhe pringipal p V € RLI
rati o of p?i%véﬁpﬁéqtlﬁﬁ%@ centayy, fempiragere- SHWRver.: wthguybeme limitadur e

th | d i ndi. d. .
b sequon HEE, ¥ Bo9 MU AnRALREER (i IR PIRLERR e ip gross
process, t&efi6RYisOdispoBéd AnSide! YR MAVISFL CraYh rkE%ﬁtaiaoweﬂh)e- Plﬁi fhd AW

meal powder was then filled into a cavity of a known uni axi a
pressuri zi evgpoygiengpinatermpl ednigranuialr dormy ordailk derm t fherehy réducimgithd n
magnetic field the fraw neal ngder_ into_a predeterm ned shape ]
(formng stepiic swiface grpd o Rddiken.dafpe dwying tdacedk taeveveperasingng

For a proche bty FRAEE RS, R IRP AGIREERFAR RN g P EnEhIT o Spponiies”

anneal i ng RRYGRSSHMteMAs perforned by setting the processing
tenperature at 530C for a processing tine of 2 hours, thereby
manuf act ur i[0§46he above-described sintered magnet of average grain

' havi ng machi ning the sintered nmagnet to

tS ihéed?];regs |g(r;1 n s&fﬁ?gﬂflﬁﬁbog%ggfs of fhy presenfdianveniipmce cleseription Hasgbesmd
surface f iﬂa&? iorf]ganngapﬁﬁfee{n ]:Nlhilqtl:hs r%en Yintered 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 communieating 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 10~

to 1 x 10-1Pa).. At a temperature below 700°C, there cannot reach a vapor
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[ 0053] Then, by using the above-descri bed vacuum vapor processing
apparatus 1, a permanent nmagnet M was obtai ned by the above-descri bed
vacuum vapor processing. In this case, it was so arranged that 60
sintered 23 magnets S were disposed inside the box body 2 of M nake
at an equal distance to one another on the bearing grid 2la. In
addition, as the evaporating material, Dy of bulk form (about 1 nmm
of 99.9% purity was used, and a total anount of 100 g was di sposed on

the botto C . . C .. Then,. the evacuati ng
moans ves BRLoaros Fhidl G haRRRIhRR atRRED 8% ne RpDG I8 ifY SReRbL
to 1 x 10-4f Bee Girierddl atgee S B61tHat e chh Aee EFTREd CAR IR oMR e Susly
10-3 Pa), and al so the heating tenperature in the processi ng chanber
20 by the hesetraigdnptothggmis wemdagy pha®. W nhe béher lnoek Snngse the
chanber 20 once r.eached 950C, the_ above-described vacuum vapor

pr ocessi ngCYRROTAWEE JRaErialh v ¥ So.sthet evapgrating champey,may bahertedriormat

per 1 or nod. SRR S0 TREGE Al iR EaPRCRRIaRBiC e smnpgt

400C, and hRhn PafsrSiraSedre R Wiish $RE Th%t88sHaAWeEsuppllied
Exanpl e 1] [0054] k I n Conparative Exarrplg 1, as tphe m@%g?tgh%fggeed

si ntered nafyibe sintered mesnais8d Omethé oskerahbng, abnpdsinperatur@aibove
29Nd- 2Dy- 1B- 30a-hal . Fe and thaf was manufactyred in a so-called one
al l oy net hgﬁ&%hgﬂéigﬁ?seaé%ﬁ?ggm SEFAARTER iFehuf shey amayipaire mnssey
shape of 4 I ! amial hoy raw material was
manuf act ur glc‘jagblégf“ é‘r‘%@’?ﬁge@?ﬁﬁ@?ﬁ%‘% w@l gﬁbio%%relgh t he

above- descr [dpf]conposition ratio, in a known SC fusion casting
met hod. The alloy raw material was then coarsely crushed down to,
e.g., |ess than sddereshesmone Aoili gashtrampistu sdsaybedinth fieveairfacel be

obt ai ned coarsely ground powder was once coarsely ground in hydrogen
gri ndi ng sﬁ’é‘ﬁer&ﬁdnmaefsg&egameﬂrﬁydmrn’%b j¢ gHbsad 1980 the grain boundary

Tt ori ar ¢ Pabsedt M, 6088 SRR AT, 8 JagRhE et P2 Fa By
Compr o551 O A by or oy moouet URFoRcuating means 1
raw neal paunddhat theoprocpssidgtchanibee 20sisapdudd 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 lid part

21




(formng step). This formed body was di sposed into a known sintering
furnace and was sintered by setting the processing tenperature at
1050C for a processing time of 2 hours (sintering step), thereafter
agi ng process was performed by setting the processing tenperature at
530C for a processing tinme of 2 hours, thereby manufacturing the
above-described sintered magnet of average grain size of 6 gm
Finally, after having machined the sintered magnet to the di nensions

of 40 x 20 e_sintar.ed. net was subj ect t shi.ng_an

our face 1128 8 O SRR R acliey BhRuPEr 19 At B uhtni ey
using the phRRV@msPssdd, bed vacuum vapor processing apparatus 1, a

per manent nmagnet M was obtained in the above-descri bed vacuum vapor
processi ng.[00d9] hi s case, vacuum vapor processing was executed on the
same conditionﬁ &;Pt hose in Exanple 1. [0056] . FIG 5 is a table
showi ng aver agButtaen & the embedunent of thsarresant invention.cd dpseripfionghas H

curve trac heet | avi obt ai ned er ganent t ,under
t he above-g‘gegglc%ao%dgggﬁlglgﬁ)%ﬁg Y‘{‘g’g%%“ eﬁlp\/\ng?’ﬁw rg‘gi‘ga%é’logglg&ﬁfdh?'e
magneti ¢ prdRatingahe 1R P48 PG A WFHI sPraRE BB B Box GFHOSHI N0k @ydrNi S
table, in Conparative anple 1, by performng the vacuum vapor

pr ocessi ngif theeprocmssigyehdmbere 20ds isalpred\ieen thedvaduant chgebebd@onms
the processing tine, the higher becones the coercive force. Wen the
vacuum vapén Bp dJedyed in wEessyEe pseompanied yntheppressuretedyatisnom fipe

h , h i 23. kQe. .th h hand, i |
1O hi g ERaREE sHERbPE 58 13 ok mesiRi ROl Wty Bhorenile  Te <
(6 hours) gfahpiRt aftr GNP abl¥& ﬁi@g%lt@rea m%x%n@tﬁs 15:1&?31}@3{)? ﬁ%gt bhat

the tinme for vacuum vapor processing e tinme I on)

can be shothecnpperogkrtihg thessbfahay ibeycovaredoby ianfoibvEMo tdakenpiOn e
0057] 25
[ ] 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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In Exanple 2, by using the Nd-Fe-B based sintered magnet S that was
manuf actured in the simlar manner as in Exanple 1, vacuum vapor
processi ng was executed in the simlar manner as in Exanple 1 to

t hereby obtain a permanent magnet M In this case, it was so arranged
that 60 sintered nagnets S were di sposed inside the box body 2 of M
make at an equal distance to one another on the bearing grid 2la. In
addition, as the evaporating material, Thb of bulk form (about 1 ram

f 99.9% 1 t ot al f 1000 dj. d
on the. bot vnbbat Pladt Bfos, R85 Fob BEinERE o8; pane ftiiroqish of
evacuati ngzmaum-m&%%ﬁﬁ%@%&%@s@%ﬁeﬁ_cﬁ&%nd@hfe%ﬁbﬁ,eaﬂd‘tﬂehe

vacuum chanber to 1 x 10-4 Pa (the pressure inside the processing
chanber wapriicipallphéseRd)oy wastldrsmatriedy baathied glovanoe e at Uess thant 36
processi ng chanber, 20 hy the heating neans 3 was set to 1000C. Wen
the procesSERRESIRANLollain eogrprarotmdaowdere Abbheliguiskphaseplloacuum

hent tFear ot s BanGERHRE Snp haviles RormhSiliah of AENE U0l ARl CS"
exeout ed.  BALRSSeAEmw BE Ndh AR Aol SRPAA K GIHRL3 Hlot

400C, and the processing tinme was set to 90 'm nutes. arative
Exanpl e 2] whe@h&] coarselyrer@smdadovin ve obx Aepd thath 5@ nidhEe1BAB 86 Bstain
sintered magnet that, was. nanufactured in the simlar manner as in
Conpar at i v@a%ﬁﬁﬂ“@dqurused. By using the above-described vacuum
vapor pr ocg@ﬁi 2? apparatus 1, a permanent nmagnet M was obtained in
t he above- sé bed vacuum vapor processing. In this case, vacuum
vapor processi ho:

Beanpl & 2. [o0oay T RcREP e Fladed QRSB e 0B LA pLERREL blpee
magnet i ¢ pawpéhe ligeid(pheaeuw sximiyed i agaio Bf priavipubphasceliquidtpHdie =
time of having obtained a permanent magnet under the above-descri bed
condi ti ons9® et eyt K mixtureayas 3&9@@@8@91& geoyrh 't 2 diydrogen

ti h i A di to thi bl e,
ATt R KL A WL MY R
the coerciyge &Eiﬂepfo%eéémhﬁy@oqn omihgemh&gs@(gﬁgﬁﬁp@éwtﬁ@ﬂgpe&&w ng

time, the hi'gher becones the Coercive force. t he vacuum vapor
pr ocessi ngThiasrgve nhedlnpsivd@r wialhethear fideld ahitot Argavity & Hdticwn bgaxial
coercive force was 25.8 kQe. On the other hand, in Exanple 2, a high
coercive foyessumpingstypecof cpaapisseianmeelding apchiner thenchs forming iof

time of Copparadi le 2. It can thus be en th he t{jne. for
vacuum vapBPepe SELT NS BrSicmeal paWARrantiSe HpdfEErigT ehebe orting
shortened gaag) t iR TOAINE] b¥AT Y detdisPSse TRELY oerEsﬁﬂgﬁhF%rnch il
be seen that, when the processing tTne exceeds 4 hours, There can

obt ai ned asiptarsdrgnsetbimgntiie Proebsdihghempanture apridporQ ifes ahastaging
coercive faorce exceedi ng, 628 kOe.
time of 2 hours (sintering step), thereafter annealing processing was

e

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 pm. Finally, after having machining the
sintered magnet to the dimensions of 40 x 20 % 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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[Brief Description of the Drawi ngs] [0060] FIG 1 is a schematic
expl anatory view of a cross-section of the pernmanent nagnet

manuf actured in accordance with this invention; FIG 2is a
schematic view of the vacuum processi ng apparatus for executing the
processing of this invention; FIG 3 is a schematic explanatory
view of a cross-section of a permanent nagnet manufactured in
accordance with a prior art; FIG 4 (a) is an explanatory view

O 19 oS h U8 Wi Rich S AL ok a3t 8180 AREOSE £2UREE DY

machi ni ng, a 'S an explanatory Vview show ng e’surrace

condi ti on diktencpetoreneninsthgnain the Weaaeiny edid 21aCC0H02AEEW 8 tHY S
I nventi on; FIG 5 is a table show ng magnetic properties of the

per manent ekapatating matetialir By ofrbulkclormatabeutiilt mobx afrp &% pusityl was
IR W N ST RN e
Nuneral s apedoChat ACh&hBbr 20. Then, the evacuating means was actuated to once
reduce the pressure in the vacuum chamber to 1 x 10-4 Pa (the pressure
inside the processing chamber was 5 x 10-3 Pa), and also the heating
temperature in the processing chamber 20 by the heating means 3 was set
to 950°C. When the processing chamber 20 once reached 950°C, the
above-described vacuum vapor processing was executed in this state for 2 ~
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 30 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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[ 0061]

lvacuum vapor processing apparatus 12 vacuum chanber

20pr ocessi ng chanber 2box body 21box part 22lid part

(forming step). This formed body was disposed into a known sintering
furnace and was sintered by setting the processing temperature at 1050°C
for a processing time of 2 hours (sintering step), thereafter aging process
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 pm. Finally, after having
machined the sintered magnet to the dimensions of 40 x 20 X 5, the sintered
magnet was subjected to washing and surface finishing by barrel finishing.
[0055]

Subsequently, 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 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 25.83 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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3heating nmeans Ssintered magnet M pernmanent magnet Vevaporating
material 28 WHAT IS CLAIMED | S: 1. A nethod of manufacturing a
per manent nmagnet 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-treatnment at a predeterm ned tenperature, at
| east one of Dy and Tb adhered to the surface of the sintered nmagnet

into grain bourwﬁ&xmssﬁ@g,ebphsfdgqggim%eg bHES B%egggl&' ttﬁbﬂiatwa?

sintered magnet Is manufacture m Xi ng eac princi pa

phase al | oynapafstirddutindthey istmilat ymbyné2 Bh4iB Bhassle Wam@uhin ivapad
| east one rare earth elenment primarily including Nd and where T is a
transi ti onPYAsesHing Wagesserytednial the signilea)manner as in fxataplhdst therey

havi ng a hi,gher content .of It than 14B phase and primaril
Const ] Lut cBP B & PRt mpEnet N TRIOHE Sl as o qurateg that 60
press- f or MRgeded Iﬁagm&'weg@ 'dgsr@ssa msgdmm@%x tb*ag§.239f ?ionﬁ%keaa&dan
sintering a press-forned body 1n one of vacuum and” i nert” gas

at nospher eequal distancd te o tadanotheaf onrélie bagiitg ighigl 21nerlipadlitionnas ehe
according to claim1, wherein: the sintered magnet is disposed in a

pr ocessi ngevanneidng anateniadt &h; ofapulbyioper abont) Irmrer phLIGSmpLIrsy rgast
et o DAY T TS A R o
evapor at edygy BRAAAE ShIRIRE R, Thehd ¥8ESvAidh P HIEHE dyad BlduBted to
adj usting an amount of supply, to a surface of the sintered magnet.

met al at onenef redudectid prosswat iy thadathuef chibagher edx evEpopatimg
material are diffused into the grain boundary phase of the sintered
magnet bef Bressare pngide jthe progessing tchambenpwasith #gl1endt Ba), aand slfootheed

0N e Sur ot PletheShnt & Bk JRSRSS ke WS 20 Pt hERuAT S &

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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3. The method of manufacturing a pernmanent nagnet according to 29
claim2, wherein the sintered magnet and the evaporating nmaterial are
di sposed at a distance from each other. 4. The net hod of

manuf acturi ng a permanent nmagnet according to claim2 or claim 3,
wherein a specific surface area of the evaporating material to be

di sposed in the processing chanber is varied to increase or decrease
t he anbunt of evaporation at a constant tenperature, thereby

adj usti ng 408 @AM eLhf P RaYnetic Bﬁqﬁa@%?gﬁé Q%%%O@Ytﬁ%\éﬁ?si a

per manent magnet according to any erein,

prior to tRAecdrdivig tugthos talile, ipr Coapsiayedhaiihsle 2, hatexbastifh SROSAGum
therein the sintered nmagnet, the processing chanber is reduced in
pressure t ¥aROLpPIOgetsingyithe @omw@sgr@ writhpraveds pndt thetlbagerdressmes dhe

6. The net hod of. nuf agt uy i ermanent nagnet accQrding to claim
5, wher ei n?r%ﬁef’%}lgﬁ%?h er%’&%‘gﬁg’egme% %‘I?F‘é‘%? OXCRe g@&%’e hRFuum
chanber, t b | p r 1A

C ormpor i ur oot BRERRLAG waRAoried 165 Bhe (RraPbE LS ST B bours, she

nmanuf act ur esegcive plokcanent 2580k0t. a0aothl BtherOhawy, BNExainplé &, "® Reh
through 6, wherein, prior to the heating of the processing chanber
that has dicegrevedordeeric?hbrlfe svas: dhtathedafyneme-fortbatliengetigd pf azne of s

per f or med the surface of the sintered, nagnet. 8. The met hod
of manuf ac p:}p@aév% té'n:[én‘éﬁn gl‘é%?’ﬁi n¢ theg fhe Hmeyforcyagupg -

U . v sk 6 2 s S B BlaP i T e, A o
I s execut egdrédictivityosanmbe didproval. oflnt ARlitien "B et beredethat, whe® the
processing time exceeds 4 hours, there can be obtained a permanent magnet
M of high magnetic properties having a coercive force exceeding 28 kOe.
[ 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 is 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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tenperature that is |lower than the said tenperature. 9. The

met hod of manufacturing a permanent magnet according to any one of
clains 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

perpendi cular to the direction of magnetic orientation. 10. A
per manent nmagnet made by using a sintered magnet nmanufactured by:

m Xi ng each mﬁer of principal phase alloy (constituted primrily by
R2T14B phase, ere Ris at least one rare earth elenent primarily

i ncl udi ng Nd1and vwheiem ka Par gr@@ggiﬁgtappgrmgal primarily including
Fe), and a liquid phase alloy (having a higher content of R than
R2T14B phaselZand vachwar¢Hambamstituted by Rrich phase) in a
predetermn mX|n ratlo ess-formng in magnetic field a m xed
powder thus bt ai RE E:t Refing a press-formed body in one of
vacuum and irert gas g&yvsphere wherein the sintered nagnet is
di sposed in a processing chamber and heated; an evaporating materi al
conprising 1 | eapbxpae; of Dy and Th and di sposed in one of a sane
and anot her processing chanber is heated and caused to be evapor at ed;
this evapor &%d eVamarhting material is caused to be adhered, while
adj usting an am)u t of supply, to a surface of the sintered magnet;
and net al of*et mgé‘é‘gatnsone of Dy and Tb of the adhered

evapor ati ng terig sed into the grain boundary phase of
the sinter ed@nagne?{tg?%(g?% gyfjhl n filmmde of the evaporating

material is frmregednahditt mughaace of the sintered magnet. 31

V  evaporating material
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WHAT IS CLAIMED IS:

1. A method of manufacturing a permanent magnet comprising: a
first step of causing at least one of Dy and Tb to adhere to at least part of a
surface of iron*boron-rare-earth based sintered magnet; and a second step of
diffusing, through heat-treatment at a predetermined temperature, at least
one of Dy and Th adhered to the surface of the sintered magnet into grain
boundary phase of the sintered magnet, wherein the sintered magnet is
manufactured by: mixing each powder of principal phase alloy (constituted
primarily by ReT1uB 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:zT14B 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 Th
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 Th 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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claim 2, wherein the sintered magnet and the evaporating material are

disposed at a distance from each other.

4, The method of manufacturing a permanent magnet according to
claim 2 or claim 3, wherein 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, thereby

adjusting the amount of supply.

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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temperature that is lower than the said temperature.

9. The method of manufacturing a permanent magnet according to
any one of claims 2 through 8, wherein, after having diffused the metal
atoms into the grain boundary phase of the sintered magnet, the permanent
magnet is cut into a predetermined thickness in a direction perpendicular to

the direction of magnetic orientation.

10. A permanent magnet made by using a sintered magnet
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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