[ Name of Docunent] SPECIFICATION [Title of the Invention] A permanent nmagnet
and a manufacturing nethod thereof [Field of the Invention] [0001] The
present invention relates to a permanent magnet and a net hod for

manuf acturi ng the permanent magnet, and nore particularly to a pernanent
magnet havi ng high magnetic properties in which Dy or Tbh is diffused into
grai n boundary phases of a sintered magnet of Nd-Fe-B famly and nethod for

fact ugi Descri pti f Back d Art
o002y i e B BafuEnel e cERRIQN ) (Phe Sorcal | ed neodyrm um

t j LN i .ch h bundant
and const anety SERREIRATRUATE o Behatdyr PRRE old CutuRbPufiliy Bie B35 0w

cost andipgpddsi onal Iy has high magnetic properties (its maxi num energy
product is about 10 tinmes that of ferritic magnet). Accordingly the sintered
magnet of [RielafBhé nvdntidiels been used in various kinds of articles such as
electronic instrunents and in recently adopted in notors and electric
gener at or §0081] hybrid cars. [0003] On the other hand, since the Curie
tenperature of the sintered nagnet of Nd-Fe-B famly is | ow (about 3000,
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{ for manufacturing such a permanent magnet.
[Description of Background Art ]
[0002]
The sintered magnet of Nd-Fe-B family (the so-called neodymium
magnet) comprises a combination of Fe, Nd and B which are cheap, abundant
and constantly obtainable resources and thus can 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 sintered
magnet of Nd-Fe-B family has been used in various kinds of articles such as
electronic instruments and in recently adopted in motors and electric
{\ generators for hybrid cars.
[0003]
On the other hand, since the Curie temperature of the sintered magnet
of Nd-Fe-B family is low (about 300°C), there is a problem the sintered
magnet of Nd-Fe-B family would be demagnetized by heat when heated to a
temperature exceeding a predetermined temperature under a certain
circumstantial condition in its adopted articles. In addition there is further
problem that the magnetic properties would be extremely deteriorated by

defects (e.g. cracks etc.) or strains in grains of the sintered magnet which are

sometimes caused when the sintered magnet is machined to a desired



configuration suitable for a particular article. [0004] For solving these
probl ens nentioned above, it is known to inprove or recover the magneti zing
properties and coercive force by arranging rare earth elenents sel ected
fromYb, Eu and Smin a processing chanber under a condition mngled with a
sintered magnet of Nd-Fe-B fam |y, evaporating rare earth elenents by
heating the processing chanber, attaching the evaporated atons of the rare
earth elements into the sintered magnet, and further diffusing the attached
at oms i ncenfigreragioni suitadle dary pphtasdar attitlee sintered magnet in order to
honogeneops| y j ntroduce desired anount of the rare earth elenents into a
surface oﬁu? sintered magnet and the grain boundary phases (Patent
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product exhibiting the magnetic properties is extrenely reduced. Thus it
has beenrareopastd dlemeotodegndmasing ither premsesing dhsmbed, attohingftiey and Tb
especially into the grain boundary phases in accordance with the nethod
ment i onetvapmated ptauas ofthpoegeesrth elemenriscindo (the kinirsad Paagnet, pmgl i cati on
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rare earth elements into a surface of the sintered magnet and the grain
boundary phases (Patent Document 1 mentioned below).

[0005]

It is also known that Dy and Tb of the rare earth elements have the
magnetic anisotropy of 4f electron larger than that of Nd and a negative
Stevens factor similarly to Nd and thus can remarkably improve the grain
magnetic anisotropy of principal phase. 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. Thus it has been proposed to homogeneously introduce
a desired amount of Dy and Tb especially into the grain boundary phases in
accordance with the method mentioned above.

| [ Patent Document 1] Japanese Laid-open Patent Publication No.
296973/2004 (e.g. refer to descriptions in claims thereof)
[Disclosure of the Invention]
[Problems to be solved by the Invention]
[0006]

However as it is a fact that there exist Dy and Tb on the surface of



si ntered magnet manufactured by the nethod of the prior art nmentioned above
(i.e. as there are forned thin filns of Dy or Th the surface of sintered
magnet), there would be caused a problemthat netal atons deposited on the
surface of sintered magnet recrystallize thereon and thus extrenely
deteriorate the surface of the sintered magnet (i.e. deteriorate the surface
roughness). In the nethod of the prior art in which the rare earth elenents
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nposi t ntateial ihe dierflpdepssitéondhesgnface ofigimesyd magneéhe thin filnms wll
be rare earth elenent-rich conposition, and the |iquid phase tenperature
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conpos! 11 on (URISThnis Hhe HATRANOB RSB Bimel ot ddy 400 B ongthe Surface of
sintered magnet, Dy and Tb will be deposited on the surface of sintered
magnet heated during the processing thereof when excessive metal atoms are
supplied on the surface of sintered magnet, and the melting point near the
surface is lowered due to increase of amount of Dy and Tb and accordingly Dy
and Tb deposited on the surface are melted and then excessively enter into
the grains near the surface of sintered magnet. When Dy and Tb excessively
enter into the grains, since they, as described above, take a ferrimagnetism

C structure having a spin orientation negative to that of Nd in the crystal
lattice of the principal phase, it would be afraid that the magnetizing
properties and coercive force cannot be effectively improved or recovered.

[0008]

That is, when thin films of Dy or Tb are once formed on the surface of
sintered magnet, the average composition of the surface sintered magnet
adjacent to the thin films will be rare earth element-rich composition, and the
liquid phase temperature will be lowered and thus the surface of sintered
magnet will be melted when the surface of sintered magnet becomes the rare

earth element-rich composition (i.e. the principal phase is melted and an



predeterm ned tenperature and evaporating netal evaporating material
including at | east one of Dy and Th arranged in said processing chanber or
anot her processing chanber; depositing evaporated netal atonms onto a
surface of the sintered magnet with controlling a supplying anmount of the
nmetal atons; and diffusing the deposited netal atons into grain boundary
phases of the sintered magnet before formation of thin filmof the netal
evaporating@naterial on the surface of the sintered nmagnet. [0012]
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the surface can be diffused in order into grain boundary phases of the

si nt er ednet@gm@imh einer diffwingtthendejosited mbtal dtonis idtdagrdis, bdiglagyppl y of
Dy and Tb onto the surface of sintered magnet and the diffusion of the
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process. Thus . deterioratiopn of the surface (surface roughness) of pernanent
magnet EYAP9EARNE Bratouial an the guslase of the sinderedsmpgreli f f usi on of Dy and Tb
into graip 12 ar the surface of sintered magnet can be suppressed. [0013]
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honbgeneously penetrating Dy and Tb into grain boundary phases. As the
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TRINEH! G oo Bt sintored magnet is heated to a temperabire at Which A optimam
diffusing velocity can be obtained and the amount of Dy and Tb supplied onto
the surface of sintered magnet is controlled, the metal atoms deposited on the
surface can be diffused in order into grain boundary phases of the sintered
magnet before formation of the thin film. That is, the supply of Dy and Tb
onto the surface of sintered magnet and the diffusion of the sintered magnet
into the grain boundary phases are performed through single process. Thus
deterioration of the surface (surface roughness) of permanent magnet can be
prevented and especially excessive diffusion of Dy and Tb into grains near the
surface of sintered magnet can be suppressed.

[0013]

Accordingly the surface condition of the permanent magnet is
substantially same as that before the process has been performed and thus
any subsequent working process is not required. In addition Dy/Tb-rich
phases (phases including Dy and Tb in a range of 5%~80%) are generated
by diffusing and homogeneously penetrating Dy and Tb into grain boundary

phases. As the result of which it is possible to obtain a permanent magnet of

high magnetic properties of which the magnetizing properties and coercive



force are inproved or recovered. In addition if defects (cracks) have been
generated in grains near the surface of sintered nagnet during processing of
the sintered magnet, Dy/ Tb-rich phases are fornmed inside the cracks and thus
t he magneti zi ng properties and coercive force can be recovered. [0014] In
the present invention it is preferable that the processing chanber is

heated to a tenperature in a range of 800C*- 1050C under a vacuum condition
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before they forma thin formof Dy on the surface of sintered nmagnet.
[0015] If tHa therpreseniuimyventionhd ipmaetessblegthait dhb arrocessingwehamban 800t , t he

i, . t h I I i I t to th

sur t aoo BRRET B oh deTHEGABITC o% (hdng el HOBG a1 FIRSeEn Sadar o HAgBHEDYS y

enetrated,i.nto_the @grai.n. boyndar hase I ddi ti t he .di ff usi

\F;el oci t§°m3’|ftmﬂywh98r@eas:éﬁgesqeaéﬁagﬁet{)ﬂéigﬁé?%neg dchs‘%l%&?r‘%% f%‘é‘&ﬁg?fﬁ %t o the
i i ; : he..: i t t

o ceods e oLRt PRasGady dRELEATRavit) b Eriflall cORfRBnthe RTDVEARE! SLLI S

\vapor  abr@sddeire the pR¥eaiHE (@amisdid Mt de P of RBeSttrhpeitafe $hry ered
magnet. In addition it is afraid that Dy woul d be excessively diffused into

gr ai ns aange of 806G vd 0584h etniabileryt@supprdss dothrthgreape presserd ofhled y r educed
if Dy is excessively diffused into grains, the maxi mum energy product and
t he 6 metal evaporating material and the supplying amount of the metal atoms

onto the surface of sintered magnet and additionally the sintered magnet is

heated to a temperature promoting the diffusing velocity. Accordingly Dy

atoms deposited on the surface of sintered magnet can be diffused and

homogeneously penetrated into the grain boundary phases of sintered

magnet before they form a thin form of Dy on the surface of sintered magnet.

{0015]
If the temperature in the processing chamber is lower than 800°C, the

( vapor pressure cannot reach a level which can supply Dy atoms onto the

surface of sintered magnet so that Dy can be diffused and homogeneously

penetrated into the grain boundary phases. In addition the diffusing velocity

of Dy atoms deposited on the surface of sintered magnet into the grain

boundary phases is decreased. On the other hand if the temperature exceeds

1050°C, the vapor pressure of Dy is increased and thus Dy atoms in vapor

atmosphere are excessively supplied onto the surface of sintered magnet. In

addition it is afraid that Dy would be excessively diffused into grains and

since the magnetizing properties in grains are extremely reduced if Dy is

excessively diffused into grains, the maximum energy product and the



remanent flux density are further reduced. [0016] On the other hand it is
preferable that the processing chanber is heated to a tenperature in a
range of 900' C-1150' C under a vacuum condition when the sintered nagnet of
Fe-B-rare earth elenents famly and the netal evaporating material having a
pri mary conponent of Tb are arranged in the processing chanber. Simlarly
to the effects descri bed above, this nmakes it possible that the Th atons
deposited on the surface of sintered magnet are diffused and honpbgeneously
penet r at seranent finx density aseduttdey rplueass of sintered nmagnet before they
formthe gghg filmof Th on the surface of sintered nmagnet, that Th-rich
phase is § ted in the grain boundary phase and that Th is diffused
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force. [0017] f the tenperature in the processing chanb I ower than

900C, thehetatle sipt@edunagaanopFerBagte satthvelbmahits fa@ sy a&upt)lhé' midtaht ons
onto the surface of sintered magnet so that Th can be diffused and
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sintered magnet, that Th-rich phase is generated in the grain boundary phase,
and that Tb is diffused only into a region near the surface of grains. As the
result of which it is possible to obtain a permanent magnet of high magnetic
properties having effectively improved or recovered magnetizing properties
and coercive force.
[0017])

If the temperature in the processing chamber is lower than 900°C, the
vapor pressure cannot reach a level which can supply Tb atoms onto the
surface of sintered magnet so that Tb can be diffused and homogeneously

é penetrated into the grain boundary phases. On the other hand if the
temperature exceeds 1150°C, the vapor pressure of Th is increased and thus
Tb atoms in vapor atmosphere are excessively supplied onto the surface of
sintered magnet.
[0018)

Also in the present invention, it may be possible that the method for
manufacturing a permanent magnet comprises steps of arranging the
sintered magnet of Fe-B-rare earth elements family in the processing
chamber and heating the sintered magnet to a temperature in a range of

800°C~1100°C; heating and evaporating the metal evaporating material



including at | east one of Dy and Th arranged in said processing chanber or
anot her processi ng chanber; and supplying and depositing the evaporated
netal atons onto the surface of the sintered magnet. This enables to
increase the diffusing velocity and to efficiently diffuse in order Dy and
Tb deposited on the surface of the sintered magnet into the grain boundary
phases of sintered magnet. [00191 |If the tenperature of the sintered

magnet |s r n 800C, is raldthtthethlnfllmof t al
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extrerrely reduced. [00201 Further in the present invention, it may be
possi bl esm’f&!‘ed@kaﬂ@&tfor manuf acturing a permanent nagnet conprises steps
of arrang 88 Eﬁi; SI ntered magnet of Fe-B-rare earth elenents famly in the
pr ocessi ng thamber: heati ng and evaporating the metal evaporating material
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can be heated and evaporated in the range of 800" C-12000C, the netal atons
of Dy anliofiwgearotdy nemetiadd Dytand Bb indo fgreimn bbusdatyepbdserafsoiteral
magnet. On the other hand if the temperature exceeds 1100C, Dy and Tb
enter into grains which is the principal phase of sintered magnet. This is
after all same condition as that in which Dy and Tb are added during
obtaining the sintered magnet and thus it is afraid that the strength of
magnetic field accordingly the maximum energy product exhibiting the
magnetic properties would be extremely reduced.

[0020]

Further in the present invention, it may be possible that method for

N
AT

manufacturing a permanent magnet comprises steps of arranging the
sintered magnet of Fe-B-rare earth elements family in the processing
chamber; heating and evaporating the metal evaporating material including
at least one of Dy and Tb arranged in said processing chamber or another
processing chamber to a temperature in a range of 800°C~1200°C after
heating and holding the sintered magnet to a predetermined temperature;
and supplying and depositing the evaporated metal atoms onto the surface of
the sintered magnet. Under this condition, since the metal evaporating
material can be heated and evaporated in the range of 800°C~12007C, the

metal atoms of Dy and Tb can be supplied onto the surface of sintered magnet



I n proper quantities in accordance with the vapor pressure at that tine
[0021] If the tenperature of the netal evaporating material is |ower than
800C, the vapor pressure cannot reach a | evel which can supply the netal
atons of Dy and Th onto the surface of sintered nmagnet so that Dy and Th
can be di ffused and honogeneously penetrated into the grain boundary
phases. On the other hand if the tenperature exceeds 1200C, the vapor
pressure, of the netal ,evaporating material becomes too high and Dy and Th
at oms i nilBFEPEIAVAIHART ¥ arcerdadeskithdhy vappep Prewusa s thaktisw f ace of
sintered ﬁtﬁ Thus it is afraid that the thin filmof the netal
evaporatiﬂ@§ terial would be fornmed on the surface of sintered nagnet.
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suppl yi ng amount of nmetal atons onto the surface of sintered nmagnet without

changi ngnaateriad would be formed on the surface of sintered magnet.

[0022]

It may be possible that the sintered magnet and the metal evaporating
material are arranged apart from each other. This is preferable so as to
prevent melted metal evaporating material from being directly stuck to the
sintered magnet when the metal evaporating material is evaporated.

{0023]
In order to diffuse the metal evaporating material into the grain

boundary phases before the thin film of Dy and Tb is formed on the surface of

Vi

sintered magnet, it is preferable that a ratio of the total surface area of the

metal evaporating material to the total surface area of the sintered magnet

arranged in the processing chamber is set in a range of 1 X107 *~2X10°.
[0024]

It may be possible that the supplying amount of the metal atoms is
controlled by changing the specific surface area of the metal evaporating
material arranged in the processing chamber to increase and decrease the
amount of evaporation of the metal evaporating material under a constant
temperature. This makes it possible to simply control the supplying amount

of metal atoms onto the surface of sintered magnet without changing any



structure of the apparatus e.g. providing separate parts in the processing
chanber for increasing and decreasing the supplying anount of Dy and Th
onto the surface of sintered magnet. [0025] In order to renove soil, gas or
noi sture adsorbed on the surface of sintered nagnet before Dy and Th are
diffused into the grain boundary phases, it is preferable the pressure in
the processing chanber is kept at a predeterm ned reduced pressure before

heating of the pr ssin cpanber con(iiai ni ng t?e sinter g ma%net. 0026]
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\ 0026]
In this case, in order to promote the removal of soil, gas or moisture
adsorbed on the surface of sintered magnet, it is preferable that the
temperature in the processing chamber is kept at a predetermined
temperature after reducing the pressure in the process chamber to a
pre determined pressure.
[0027])
In order to remove a oxide film on the surface of sintered magnet before

Dy and Tb are diffused into the grain boundary phases, it is preferable that

the surface of the sintered magnet is cleaned with using plasma before

P
{

heating of the processing chamber containing the sintered magnet.
[0028]

It is preferable that heat treatment of the sintered magnet is performed
at a temperature lower than said temperature after diffusing the metal atoms
into grain boundary phases of the sintered magnet. This enables to obtain a
permanent magnet of high magnetic properties having further improved and
recovered magnetizing properties and coercive force.

[0029]
It is preferable that the sintered magnet has an average diameter of

grain of 1ym~5um or 7um~20u m. If the average diameter of grain is
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| arger than 7,u in, since the spinning force of the grains during generation
of the magnetic field is increased, the degree of orientation is inproved
and additionally the surface area of grain boundary phases is reduced, it
is possible to efficiently diffuse Dy and Tbh deposited on the surface of
sintered nmagnet and thus to obtain a pernmanent magnet having a renarkably
high coercive force. [0030] |If the average dianeter of grain is |arger

Lran Zor Hak@er i 1354, Ltk e BHALReMNACH el AT eI Bl AT | o7 o1

grain orientation I'ncréase egreé-or orientation is

deteri or ghgd ofie 418 feidrbadld, tl‘i{@i&x%r%@%fn@féﬁ'ﬂé'ﬂioﬁ”?sr %Pﬁémuﬁhd

remanent flux density and the coercive orce are reduced. t he ot her hand
if the awelddendilpniicesunficgraien of graimlboandbbppiasdsii, rédiecedatie i8f single
domain grains is increased and as the result of which a pernmanent nmagnet
havi ng vaogsitlglto ebeciently diffnee Dy and i depesitageonlithasefacefofguintared s
smaller than | y in, since the grain boundary bhecones small and._.

conpl i catBagnel 2aBAthys toohtain Fepemaneninmagnat hayieg a rqmadably thigh
preferabl e that .the sintered nagnet does not contain Co. Co has been added
in the né8aYH o gnet of the prior art to prevent corrosion of the

magnet . Iqob@ ] Present i nvention, the netal atons of Dy and Tb deposited on
the surface of "sintered magnet can be efficiently diffused during diffusing

at | east oneJfofheDivéevage Tdiamtes of Sraff /38t tRBReDS 8 B thdr8id Bt dhéi C
conpound including Co in the grain boundary of the sintered nagnet. In

addi ti on,graimdeubdamp-of igrhimphasdadingvdiffprenxt geaim yribngitianis extremealesi st ance
agd at mospheric corrosion resistance as conpared with Nd is forned inside of
defects (inerasisey ayshtheidegraenofypripntatény it Hetegiorhterb anfl a4 theresulimgnet
manet  RENCHGIEYEASHER SRR Posieat TS PR ALBSRh a0, heceare.
corrosi Or}”orcreegi'es 4885&d. 'On the other hand if the average diameter of grain is
smaller than 5u m, the rate of single domain grains is increased and as the
result of which a permanent magnet having very high coercive force. If the
average diameter of grain is smaller than 1x m, since the grain boundary
becomes small and complicated, Dy and Tb cannot be efficiently diffused.
[0031]
It is preferable that the sintered magnet does not contain Co. Co has
been added in the neodymium magnet of the prior art to prevent corrosion of
<\_ the magnet. In the present invention, the metal atoms of Dy and Tb deposited
on the surface of sintered magnet can be efficiently diffused during diffusing
at least one of Dy and Tb. This is because of absence of intermetallic
compound including Co in the grain boundary of the sintered magnet. In
addition, since Dy/Tb-rich phases having extremely high corrosion resistance
and atmospheric corrosion resistance as compared with Nd is formed inside of
defécts (cracks) generated in grain near the surface of sintered magnet during
process of the sintered magnet, it is possible to obtain a permanent magnet

having extremely strong corrosion resistance and atmospheric corrosion

resistance.
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[ 0032] For achieving the second object nentioned above, there is provided,
according to the present invention of clainml5, a pernmanent magnet
conprising a sintered magnet of Fe-B-rare earth elenents famly and
manuf act ured by evaporating nmetal evaporating material including at |east
one of Dy and Th, depositing evaporated netal atons onto a surface of the
sintered magnet with controlling a supplying anount of the netal atons; and
di ffusingt deposited netal atons into grain boundary phases of the
sintered t before formation of thin filmof the netal evaporating

terial h f f the sintered t, £0033], In.this. it
oreteranl ot R Mo aRg Becetud BhEHE ARG 4o shhereris PR or 1 4

m'5 u NN § ) 0 . i : r ef a sintered
magnet E?ocg’ér%lg Ctg‘:’lf% g?nﬂlé%gen[t[ %?‘f@enéc%dsﬁ oéﬁt%ﬁﬂn%eﬁdt %ﬁ?&ﬁ%@ﬁm&%ﬁetdesc” bed
above, tdognpEbitgd of GinteRedf AGlgret NGf FePBrARE cOirthBgRShentdl fikdyPaagent
invention can efficiently diffuse Dy and Th into the grain boundary phases
wi t hout Wenefadgnatd by dévaposatihgaoretafl dviaposditige meateniadniacluding Md-1€sstB f ani |y
and effectively inmprove and recover the nmagnetizing properties and coercive
force. Tmesef ﬁ&r and b, denositivng gvaperatpd rmetah etomisf ertosa sunfacetdfetheuppl y of

Dy and Th ontq the surface of _sintered. nagnet and e diffusion of them
into theﬂg?e&‘.eﬁ %&%%W%a%%ﬁeaﬁ w%wwrﬁeanw% @rwe@al Hrsresddas wel |

uper oriFrDy YR SRe i SRR SEBED db 1t b adRY  BRRsase T B ranent
T ovi di ma e R ORI, R o0 O M D i s PPl Bl Ce.
(Best noglatdi9a] G@theysmdaaisf tHeasihfured tthedetl2
[0033]
In this case it is preferable that the sintered magnet has an average
diameter of grain of 1 x m~5u mor 7 m~20 u m.
[0034]
It is also preferable that the sintered magnet does not contain Co.
[Effects of the Invention]
[0035]
As described above, the method for manufacturing a permanent magnet
of the present invention can efficiently diffuse Dy and Tb into the grain
boundary phases without deteriorating the surface of the sintered magnet of
Nd-Fe-B family and effectively improve and recover the magnetizing
properties and coercive force. These effects, in combination with other effects
that the supply of Dy and Tb onto the surface of sintered magnet and the
diffusion of them into the grain boundary phases can be performed by single
process as well as that the subsequent working process is not required, can
exhibit a superior effect of improving the productivity. In addition the
permanent magnet of the present invention can also exhibit a superior effect

of providing a high magnetic properties and a strong corrosion resistance.

[Best mode for carrying out the Invention]
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[0036] Wth reference to Figs. 1 and 2, a permanent nagnet M of the present
i nvention can be manufactured by sinmultaneously performng a series of
processes (vacuum vapor processing) of evaporating netal evaporating
material V including at |east one of Dy and Tb onto a surface of a sintered
magnet S of Nd-Fe-B fam |y nmachi ned as having a predeterm ned

configuration, depositing the evaporated netal atons onto the surface of
sintered S, and diffusing and honbgeneously penetrating the neta
atons into grain boundary phases of the sintered nagnet S. ~ [0037] The

sintered magn§¥itlp rafershdd td PogdTalt 8hH A, LheNHafidnBniAHet MFTHRGHBsent

manuf actured as follow ng by a known nethod. That is, firstly an alloy

menber haidvegtint bax Kie ssawdfadtiedndy Osimultansushn peaforiiing Hyseiriee ofknown
strip casting method with fornulating Fe, B and Nd at a predeterni ned
conposi t i prceggesal(yasuume nivapoh apiosgssanghiafk pegpomstirgmmetal ebepomatimigact ur ed

by the known ce i fugal casting net . A |1 amount of Cu,, Zr, Dy, Tb,
Al or Ga W@eﬁép%ﬁ@gu&lﬁ’gr%ﬁ ag Ppﬁﬁﬁﬁ@ EFEfﬁgl o gh surfiagp of i sinkereds act ur ed
al | oy nmenber i nc Lound,by. t he known. hydrogen grindin rocess ,and t hen
oul vor | sodagpet o8 8, NEHB ol REBinpE & hayidag Pl SRRELy
magnet ne ﬁ)%?rﬁ ahov - d .00 h r eri al
to a pr ed%eqﬂer %ggﬁbp(%]p ?%E}I%efc%%%?ﬁ}%%aa@\eﬁ%{ gﬁ%ga?n%pgglﬁ%gﬁgsm&d or a
cylinder {iRt@re@indghet 8, W9idNGi RGNS ind hbBbleddul} Bbh&fFatinly tHEbebsl
possible to further inprove the magnetic properties when perfornmed the
vacuum vagtom pinto esaimbown driyepleiset ef elde sgartd mhghbeSsi nt ered magnet S has
been heat Ereaaed to renove its strain for a predeterm ned period (e.g. two
hours) un Hlpredet erm ned tenperature (400C 700t) after the sintering

rocess. [003 ) . . :
P [ %Le sintered magnet S as starting material of Nd-Fe-B family has been

manufactured as following by a known method. That is, firstly an alloy
member having a thickness of 0.05mm~0.5 mm is manufactured by the
known strip casting method with formulating Fe, B and Nd at a
predetermined composition. An alloy member having a thickness of 5Smm may
be manufactured by the known centrifugal casting method. A small amount of
Cu, Zr, Dy, Tb, Al or Ga may be added therein during the formulation. Then
the manufactured alloy member is once ground by the known hydrogen
grinding process and then pulverized by the jet-mill pulverizing process.
C [0038)

The sintered magnet mentioned above can be manufactured by forming
the ground material to a predetermined configuration such as a rectangular
parallelopiped or a cylinder in a mold with using magnetic field orientation. It
may be possible to further improve the magnetic properties when performed
the vacuum vapor processing on the sintered magnet if the sintered magnet S
has been heat treated to remove its strain for a predetermined period (e.g.
two hours) under a predetermined temperature (400°C~700°C) after the
sintering process.

[0039]
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13 It is preferable to optim ze conditions in each manufacturing step of the
sintered magnet S so that the average grain dianeter has a range of 1 p m5
umor 7um20 m If the average dianeter of grain is larger than 7, U m
since the spinning force of the grains during generation of the nagnetic
field is increased, the degree of orientation is inproved and additionally
the surface area of grain boundary phases is reduced, it is possible to
efficiently di . . . i

per manent  ragnat W harig Faop EREar L rtRRG il et inb B GIAR AT Ee e
di anet er ofingé¥ddmiagnet 8r9ehat b aRSydsergraim didberiHhstdeamgebl hawndary of
grains including different grain orientation in one grain i1s extrenely

i ncreased ami ¢thé udegr2feu nofIf dhe entehg@ Miametiat ¢ff graintiedarged thant hie mesul t

of which the maxi mrum energy product, remanent flux density and the coercive
force are piagadbe spimongioreofithe granes duging generption\ndthganagnetic Seldof
grain is snmaller than i

5 h f si.nal d ins. i i d
Tnd s theldr dageRsel the diezee S, SRR SEIRYP G AV S TIgRAIB S vo.
f 0 f i f in.i | 4 .t han. i th
on bountiaTady BEEOEE BATNGndlry HIALD ik o800, 5 jd RATeoTbemblER;  "©
per f or mi nggirfgsedid fedst Bge Bf wﬁgﬁﬁbﬂs{l&%hu@% r&fglgielya gfé&ﬁﬁ%ﬁt ;m&'gﬁ& the

productivity I's worsened. IS possi to use as the neta

evapor at i ngavimiges irama¥Ykablyahighycoerdite fdideg I8thé aastagendiadietby ofiigdaitbis

remar kably i nproving the grain magnetic anisotropy of principal phase. In
t hi s case largemythba Bbssihl the caterdhutlee gl‘am&mumé,rypb ghhinsCincl@ingt c. in
org’er to further inprove the cqercive force. |In_addition the netal

evapor at i ngifieaeny grain\erientatign IBONg FALKkyS axtreinely gaoransadeand the degree

deternmined.mxing rafio. ted g.09. | f dth
B Fanged |1 LRGN BS dIsiEriatinp ao e e praiTe i which B R mu B RReH¥S n i g
2, a Vacu%o%%@,rre%ﬁfeefﬁsfhﬂgd@&%f Qﬁ&'%h& SR oFc are reduced.
[0040]

On the other hand if the average diameter of grain is smaller than 5 m,
the rate of single domain grains is increased and as the result of which a
permanent magnet having very high coercive force. If the average diameter of
grain 1s smaller than 14 m, since the grain boundary becomes small and
complicated, the time required for performing the diffusing process must be
extremely extended and thus the productivity is worsened.

( [0041]

It is possible to use as the metal evaporating material V an alloy
including at least one of Dy and Tbh remarkably improving the grain magnetic
anisotropy of principal phase. In this case it may be possible to include
therein Nd, Pr, Al, Cu, Ga etc. in order to further improve the coercive force.
In addition the metal evaporating material V is made as a bulky alloy
formulated at a predetermined mixing ratio and heated e.g. in an arc furnace
and then arranged in the processing chamber described below.

[0042]

As shown in Fig. 2, a vacuum vapor processing apparatus 1 comprises

14



14 has a vacuum chanmber 12 in which a pressure can be reduced and kept at a
predeterm ned pressure (e.g. 1 X 10-5Pa) via an evacuati ng neans such as

t ur bo- nol ecul ar punp, cryopunp, diffusion punp etc. There is arranged in

t he vacuum chanber 12 a box 2 conprising a rectangul ar parall el opi ped box
body 21 having an open top and a |lid 22 detachable on the open top of the
box body 21. [0043] A downwardly bent flange 22a formed around the lid 22
can be fifted 9chlhﬁechta?x?oé}f 13 E&? Xgﬁéh %gﬁl%/esgarret Qarg%telljaau?e&) Bﬁgqﬁ%‘t% & hamber

e anber any such ‘a

20 isolated fromt vacuum ¢ vacuum sea a net al

seal is ngredabyered PRessiran@g. A2a1nNTPANGIDaK BAMMatihl mRaBEERRUI & i N the

a
processi ng chanber 20 can be reduced to a pressure (e.g. 5 X 10-'Pa) hi gher
subst ant i ahtho-hldmalldr gugig, crybpumiphaliffusiohheumpcetenTheadte mridndnd ireduci ng
the pressure in the vacuum chanber 12 to a predeterm ned pressure (e.g. |X
10-' Pa) vihe whewemachambeiy12 mebors 2 comyriging]a restangwae pafraﬁhbpmaﬁcb@si ng

chanber 20 is determ ned so that {he petal t C be supplied onto the
sintered Ragned havang é@twnoﬁopf%rbirﬁ il(ﬂf% ﬁamcg?g{%n %Q? apen & ohtheshboxever al
col lisi ong in2§onsi deration of the average free stokes of evaporated netal
mat eri al . 'ﬁlr% ox body 21 and the lid 22 are nmade of materials not reacting

with the @gEvaporating nenber and their wall thickness is determ ned so
that they are not defornmed by heat when they are heated by a heating neans

descri bed bel (WdowR@42dly B4R 224 &lrnfaPRRAId ik RARSrdadl bé/fitteddh and Th,
it is afraid that Dy and Tb in the vapor atnosphere would react with A, O

3 and f or the pswdfrdieshaf bodsa1 itodefine taherobessi?g vhembeh@0hsxlated fomatlee of
Al203 often used in general vacuum apparatus and atons of Al would enter
into the vapawm champkentd anyt vappvan deghsuchcroa aietgl yeallie nobketween thede of
M, WV, ﬂgggg r223 and the box body 21). A pressure in the processing chamber 20 can

be reduced to a pressure (e.g. 5X 10~ *Pa) higher substantially by half-digit

than that in the vacuum chamber 12 by reducing the pressure in the vacuum

chamber 12 to a predetermined pressure (e.g. 1X 10~ °Pa) via the evacuating

means 11.

[{0044]
A volume of the processing chamber 20 is determined so that the metal
atoms can be supplied onto the sintered magnet S directly or from a plurality

of directions after several collisions in consideration of the average free stokes

-

< of evaporated metal material. The box body 21 and the lid 22 are made of
materials not reacting with the metal evaporating member and their wall
thickness is determined so that they are not deformed by heat when they are
heated by a heating means described below.
[0045]

When the metal evaporating material V is Dy and Th, it is afraid that
Dy and Tb in the vapor atmosphere would react with Al,O, and form
products of reaction on the box 2 when the box 2 is made of Al,O; often used
in general vacuum apparatus and atoms of Al would enter into the vapor

atmosphere of Dy and Tb. Accordingly the box 2 is made of Mo, W, V, Ta or

15



15 these alloys (including rare earth elenments added Mo all oy, Ti added M
alloy etc.), CaO Y203 or oxides of rare earth elenents or structured by
heat insulation nmenber on which said elenments or alloys are coated as inner
lining. A bearing grid 21a for exanple of plurality of Mo wires (e.g.
0.1nm*- 10mm 0) is arranged at a predeterm ned height in the processing
chanmber 20 on which a plurality of sintered magnets S can be placed side by

appropri Airs BTG e A PRI cIPNARSE ARARE MTARRL U0 Boalley, 1 ace of

on a® bottom surftace,
the procesghnLLHAMED ., 28 oxild@Q45] rdrehBAMthNEleTRANE G ErRELAISY héhit he
vacuum chanber 12, Sinmi| arly to the box 2 the heating neans 3 is nmade of

materi al isBuddticioanember r@ncthivh t dnid nelealengy agoaHbyd GiroBédRiteédl asOindd and Tb
and arranged so that it encircles the box 2 and conprises a heat insulation
nenber oflinmgd bearhg ignite?1a forf examplesofploralitsdofMchwarese®lge @ Imm-sur f ace
and an electric,heater fqorned of, a Mo, f.il anent unted on the inner surface
of . t he heH{MIhe)isATIERS r%@rpreﬁﬁéernyméé@g%ubﬂ%me%ng&hag@er 20

bstantial |l y .uni formy heat.ed by heati the, bgx 2 und
condi ¢ orP RIS MATEHE St b gt AR ARRes SHEE beireeb Ry TeaPrg AR | nsi de
f th | i . t f th
per manent e s st B EtL ENad Bebdieulaiinls VIR Whprdp Sl IP AR MR 37 0%
per for m nghttdd IRERQIsiAb duldfacBE 88 %rt'ﬁp JuBERBIIfPRe prbdedbin®f chalnhberSaMt er ed

magnets S made in accordance with the mnmethod described above are placed on
t he beari r[@0g6]d 21a of the box body 21 and Dy forming the netal

e¥aporati ng materials V is placed on the bottom surface of the box body 21
(Thus the si nAdreadingmeans Sisamaranged metthe vaguupoekamhgr Aét Smdhsly\toar e

ol osedt HEeHEn? hp TERCARMEBRS Botymal 6} mrierid 3 e opnaohar e Yihp! aced

on 0! 5SS, WA 55 2 R A Rl vacuum
box 2 and comprises a heat insulation member of Mo on which inner surface
is provided with a reflecting surface and an electric heater formed of a Mo
filament mounted on the inner surface of the heat insulation member. The
processing chamber 20 can be substantially uniformly heated by heating the
box 2 under a vacuum condition with using the heating means 3 and
indirectly heating the inside of the processing chamber 20 via the box 2.

[0047]
(\ Then manufacture of the permanent magnet M with using the vacuum

vapor processing apparatus 1 and performing the method of the present
invention. First of all, sintered magnets S made in accordance with the
method described above are placed on the bearing grid 21a of the box body 21
and Dy forming the metal evaporating materials V is placed on the bottom
surface of the box body 21 (Thus the sintered magnets S and the metal
evaporating materials V are arranged away from each other in the processing
chamber 20). After having closed the open top of the box body 21 by the lid 22,
the box 2 is placed on a predetermined position encircled by the heating

means 3 in the vacuum chamber 12 (see Fig. 2). Then evacuating the vacuum
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16 chanber 12 to a predeterm ned pressure (e.g. 1 x 10-'Pa) via the
evacuating neans 11 (the processing chanber 20 is evacuated to a pressure
of half-digit higher than 1 x 10 - 4 Pa) and heating the processing chanber
20 with actuation of the heating neans 3 when the vacuum chanber 12 has
reached to a predeterm ned pressure. [0048] Wen the tenperature in the
processi ng chanber 20 has reached to a predeterm ned tenperature under the
evacuated condition, Dy placed on the bottom surface of the processing

chanber hinbeN8iteth proddtéBARRIdApIEuke EiRST RNDIAPLY vEAIR: &addddingdf the
processi ng chanber 20 and commences the evaporation and accordingly a Dy

vapor atmesphdre(the proceseihg chdmber A0ds evacirgedtand pressGire o€ habfdigitnt er ed
magnets S and bodg are arSanged away from each other, nelted body
t

] Dy € . . .
does nevkighgrrehan y1 t1Q¢k" Pa) taved heating dhenpyenessing bhembgr a20ewithd sur f ace

of Ndrich phase n the. Dy body, commenced its eyapqQratjion. The Dy atons in
the Dy v%‘aglﬁl%ap stglﬁebe@tusﬂ meagspt Many wp& rt]r?eﬂ§§||rf’%‘él@dof

sintered m ne(i S heat(ﬁ)j) to a tenperature substantially sane as that of Dy

body di rteoc[i1 )r/e ertglfﬁnfﬂ/e I&?}?S}%’Fe' froma plurality of directions after

repeatingpigl]i sions and the deposited Dy atons are diffused into the grain
boundary phasés of the sintered magnet S and thus the pernanent magnet Mis

nmanuf act ur edWH&0H9 teipeto8 ihthisl Srocdssihg cRYnffe?P0 hastrgclkdd Y&Ror

at nosphere are supplied onto the surface of sintered nagnet S and then
deposi t giredetermimedyteigidrated thderethe évaduated Bynditipar Dt plaged ionnghell , t he
surface of permanent magnet Mis extrenmely deteriorated (its surface

r oughnestottem gariaenof)thel preagasingophdmpber ks dated tthea Senfperatwie si nt ered
ragnet S _heated to the supstaptially same tenperature during its_process is
felted %t%waélé&sag}eya%?ﬁﬁgﬁ@q H%Qfegslagﬁilagzpbea #Q¢and icoramenegs thee surface

of  sint gl eorMBNCing 80Srailiy t RO DIPYABH: CathOQHAL OR FBANSE BE @Lf ectively
processing chamber. Since the sintered magnets S and Dy body are arranged
away from each other, melted Dy body does never directly stick to the
sintered magnets S having a melted surface of Nd-rich phase when the Dy
body commenced its evaporation. The Dy atoms in the Dy vapor atmosphere
are supplied and deposited on the surface of sintered magnet S heated to a
temperature substantially same as that of Dy body directly from Dy body or
from a plurality of directions after repeating collisions and the deposited Dy
atoms are diffused into the grain boundary phases of the sintered magnet S

{ and thus the permanent magnet M is manufactured.

[0049]

As shown in Fig. 3, if Dy atoms in the Dy vapor atmosphere are
supplied onto the surface of sintered magnet S and then deposited and
recrystallized thereon to form Dy layer (thin film) L1, the surface of
permanent magnet M is extremely deteriorated (its surface roughness is
worsened). In addition Dy deposited on the surface of sintered magnet S
heated to the substantially same temperature during its process is melted
and excessively diffuses into grains at a region R1 near the surface of

sintered magnet S and thus the magnetic properties cannot be effectively
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17 inproved or recovered. [00501 That is, if the thin filmof Dy is once
formed on the surface of sintered nagnet S, the average conposition in the
surface of sintered magnet S becones Dy-rich and thus the |iquid phase
tenperature is lowered and the surface of sintered nagnet Sis nelted (i.e.
the principal phase is nelted and the amount of |iquid phase is increased).
As the result of which a region near the surface of sintered nagnet S is
melted and danpged and thus its irregularity is increased. Furthernore Dy
excessivéP?ntﬁgprﬁ?%émr%'o the grains together with a great deal of liquid
phase and [ppgs)t he maxi mum energy product exhibiting the magnetic
properties and the remanent flux density are further worsened. [00511

Accordi ng to The RXaNhEtioh iR dfITBF eNbnéd ¥MdPOn tRY RRheeOSf HHtdr¥d

configuration (substantially spherical configuration) having a snall

speci fi c magnétaS trecavémgef acmpasitmnpan thei susfabeirsf) sinser@dr anggrdto8 t he
bottom surface of the processing chanber 20 at a rate of 17" 10%y_ wei ght of
t he si nt dresgmesdgyieichsanddhus thedigeidaphasetemperatave polewersd anddhea
constant t erature. .In addition to that, the tenperature in the

or ocessi M EHEENteHd TRARIAL Sis B 3 theppecnd ; 1§>Pé‘frléfff{;6p9 900C
1000C by ,;controllj t.he Jheat.i ng nean en th tal cevaporatin

macer i a tbEngt (LR HRARL TRRRRRD. AN es U I ReR A FEBRR A1 « 10 4
x 10_' Pg Lhet sRefaat | h S &:ﬁag%g{ | -1000C) .

[ 00521 ng?ﬁgﬁ?e%pgrgit u?lreeﬂl Lr];ﬁt I{eé%p?’ogsegé%g&c%%wnber a%:rgdorgcg?l%gftg t he

heati ng tigrReilatity @s Gheslasber Nrﬂl@élﬂ%reSnyi SxécRuRe]y HRneBR@bs thte thef f usi ng
VE»I ocity of Dy atonms deposited on the surface of sintered magnet S into the
g‘

ai n bogrdonsy tgdedbers wish de greasts ddahofl liguid phasesandphssi thee maxinaioe t he Dy
atons to be diffused and _honobgeneously penetrated into grain boundary
energy product exhibiting the magnetic properties and the remanent flux
density are further worsened.
[0051]

According to the example of the present invention, Dy body of bulky
configuration (substantially spherical configuration) having a small specific
surface area (surface area per unit volume) is arranged on the bottom surface
of the processing chamber 20 at a rate of 1~10%by weight of the sintered
magnet so as to reduce an amount of evaporation under a constant
temperature. In addition to that, the temperature in the processing chamber

{ 20 is set at a range of 800°C ~1050°C, preferably 900°C ~1000°C by
controlling the heating means 3 when the metal evaporating material V is Dy
(e.g. the saturated vapor pressure of Dy is about 1X107*~1X10" 'Pa when
the temperature in the processing chamber is 900°C~10007C).
[0052]

If the temperature in the processing chamber 20 (accordingly the
heating temperature of sintered magnet S) is lower than 800°C, the diffusing
velocity of Dy atoms deposited on the surface of sintered magnet S into the

grain boundary phases is decreased and thus it is impossible to make the Dy

atoms to be diffused and homogeneously penetrated into grain boundary
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18 phases of the sintered magnet S before the thin filmis formed on the
surface of sintered magnet S. On the other hand, if the tenperature exceeds
1050C, the vapor pressure of Dy is increased and thus Dy atons in the vapor
at nosphere are excessively supplied onto the surface of sintered nagnet S.
In addition, it is afraid that Dy would be diffused into grains and if so,
since the nmagnetization in the grains is greatly reduced, the maxi num

duct dth t d i1 furth d 0053
et PG o 108 sherdd Boimbt o here thoahin AR 8 St gpdDerattatbn. 111 m
f i g i i t ot al
aur face &t cuefinbefe! QR e endt BaSiar et RORTp bt ek bR 1BS0T 20 g
chanber 2@t eagoﬁ Yrassuie! SRTR 36 GAcRashCasd R DY BUNRE = ehéﬁ‘g%ogp 3 h>e(

bearing grid 21a of the procéssing chanber 20 is sét to be a ra

10-' - ZitkaddpBerd Araex@iskiwebt Sigyplidteontothersegfave offsidtstod n226433.S. Ther e
would be sonetine fornmed a thin filmof Dy and Tb on the surface of

si.nt er ed addatinny itSs adchid thet Hypeoukhbe diffespdeintd gvaimg dndyif svagineeithe
properties cannot be gbtained. In this case, preferabl e range of the
ratio i s Mhagnafigzagion in the graing ag srasntly {ﬁdéwégaﬁﬁ@ mFHgEImenergy pgodycty x 102.

(0054] ~. hi s _enabl es t he anount .of,su f Dy atons to the sintered
nmagnet Saqdoﬁbeereéﬂﬁﬂ?léts@‘é’agaﬂ@w&r? ﬁérthgﬁg‘g‘i%&ﬁ- of the vapor pressure as
wel | as tf[go gyapor ation amount of Dy and al so enabl es the diffusing

velocity to ge accel erated due to heating of the sintered magnet Sin a

predet er m ned man@Rr tofdiffeeP DRIttt EFhifBdflard HIRSeE For8r ek idhanet er
o{:w sintered magnet S to be included in a predetern ned range. Accordingly

it is poddinbbfDlyo isefbfimedent the sundadwobgat@edshygdet Sutie patib pbaedtadt e t he
Dy atons deposited on the surface of sintered magnet S into the grain
boundar y spiiEasesansh efide bulkyePsdplasgshen thedufttora surégcedelpidsi prasassihg sur f ace

(r)fesﬁ: »[] ' g1r=c d r%%ngé tfs)saaggtgflé{sgqrrgc%haeregyofl t eegin glheldn rr]:a{glng é%‘faecelc:li gfl t}lze' As the
bearing grid 21a of the processing chamber 20 is set to be a range of 1 X107 *
~2X10%. In a ratio other than the region of 1X10™*~2X10%, there would
be sometime formed a thin film of Dy and Tb on the surface of sintered
magnet S and thus a permanent magnet having high magnetic properties
cannot be obtained. In this case, a preferable range of the ratiois 1X1073~1
X 10°, and more preferable range is 1 X107 2~1X 102,

[0054]

ST

This enables the amount of supply of Dy atoms to the sintered magnet S
to be suppressed due to the reduction of the vapor pressure as well as the
evaporation amount of Dy and also enables the diffusing velocity to be
accelerated due to heating of the sintered magnet S in a predetermined range
of temperature with making the average grain diameter of sintered magnet S
to be included in a predetermined range. Accordingly it is possible to
efficiently and homogeneously diffuse and penetrate the Dy atoms deposited
on the surface of sintered magnet S into the grain boundary phases of the
sintered magnet S before they deposit on the surface of sintered magnet s and

form the Dy layer (thin film) (see Fig. 1). As the result of which it is possible
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19 to prevent the surface of permanent magnet M from being deteriorated and
the Dy atons from bei ng excessively diffused into grains near the surface of
sintered magnet. In addition since the Dy atons are diffused only in a
region near the surface of grains, it is possible to effectively inprove
and recover the magnetizing properties and coercive force and thus to
obtain a permanent nmagnet M superior in productivity wi thout requiring any

finishi K 00554 \Wh h f [ d is f d
e o iy A R5REe T e B gl LRI e 1 °
br OPer Lithe 10 bR bl LifE JRANGTIN MBS i aiﬁg%egfghs%wafcgt eriorated

due to generation of crackKs I n grafns 1n t he princi pa ase o e surface

of sint efigtbredagaeict( 3LAdbitden 4irlc8)the IDPWEMBE a$b rd@ﬁuéé?iﬁoﬁ?%(rihi &hegbase is
formed inside of the cracks of grains near the surface of sintered magnet

by per f arezirritetsvefacead grainsapois pssibds $0 affeé¢tsady Emprovie ah)l recdviee thegnet i zi ng
properties and . coercive force are recovered. [00561 Co has been added in
t.he neod)ACTEHLABGNRIOPETTIeHang, pesrcivet foree pdvidhits te obtaini arpegymaneat ragnet .

However, according to t.he present invention, . since -rjch phase having

ext rerrel?%?‘?ﬁﬂc%}?ﬁe&qrdﬁ HIJBQPE?%XQVI%‘HJ%&HB%‘BH%FPE fg{léh%?" ‘resi stance as
conpar ed mpgg Nd exists in the inside of cracks of grains near the surface
of the sin erLd magnet and grain boundary phases, it 1is possible to obtain

a permanent Wagpekhaw fHhiffehiredTEntdiddD HAERASIONforkfd $hABCAeREd
at nospheric corrosion resistance wthout using Co. Furthernore since there

i's not apifignietionby Wire anipeuadshowhua Rig. @ the mhbeetid propdreiesddr y phases
gf’ sintered magnet S, the nmetal atoms of Dy and Th deposited on the surface
f sint dhedsimhegyreslt nagned fonuldhdve sbiratieas |extrathélyudeterigradsd dueFitaal | y

after the process _ nentigoned above have beep ﬁerfor med a .

generation of cracks in grains in the principal phase of the surface of sintered

magnet (see Fig. 4 (a)). However since the Dy-rich phase is formed inside of

the cracks of grains near the surface of sintered magnet by performing the

vacuum vapor processing (see Fig. 4 (b)), the magnetizing properties and

coercive force are recovered.

[0056]
Co has been added in the neodymium magnet of the prior art to prevent

corrosion of the magnet. However, according to the present invention, since

Dy-rich phase having extremely high corrosion resistance and atmospheric

//" '\,\

corrosion resistance as compared with Nd exists in the inside of cracks of
grains near the surface of the sintered magnet and grain boundary phases, it
is possible to obtain a permanent magnet having extremely high corrosion
resistance and atmospheric corrosion resistance without using Co.
Furthermore since there is not any intermetallic compound including Co in
the grain boundary phases of sintered magnet S, the metal atoms of Dy and
Tb deposited on the surface of sintered magnet S are further efficiently
diffused.

[0057]

Finally after the process mentioned above have been performed a
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20 predeterm ned period of tine (e.g. 4-48 hours), the heating neans 3 is
deactivated, Ar gas of 10 KPa is introduced into the processing chanber 20
via a gas introduci ng neans (not shown), evaporation of the netal
evaporating material V is stopped, and the tenperature in the processing
chanmber 20 is once |lowered to 500C. Continuously the heating neans 3 is
activated again, the tenperature in the processing chanber 20 is set in a

range of 45QC 650C, and heat .treatnent is carried oyt to further_inprove
and FECO\}EE%FWé‘%ﬁeP?Q?(Ed)%pPBEG "E'gers)‘“éﬁg IEQJ‘é‘”rséi &é@ :i’(??‘ g BIGRS| § Bhe box 2
s rapidl f 1.0 [ f 1 In
the. oxamsloatar ofrs 25F gl PR SO ARG Ry chanbPERl" 1o
Dy is usedaas r%tsal' BRI | MGalB! it sh3WdNA8hpoPalitle BEX

t oget her V\Ilath the s'}innt er ed@rragngt S,gﬂit Si S éllg’sg&%ggg?%{;&g lt:ao tu}gl}gCi?"liﬁ'dz(ﬂavi ng a
| ow vapavapoestsng enhterdalr ¥ngestobpbéanndgthec tpapeatatuee (AN pid@B&EHhgof the
sintered magnet S enabling to accelerate the optinumdiffusing velocity.
When t he ohamaberelQ isroace dgwared to HOOY aCoatigadusly thecheatingadgadd 3tisget her

with the sintered rragnel{ Sis Th, the ﬁ}\égporati,ng chanber may be heated in
a range c¥ctygded pesns. the temperaiype Bt theePragepsngrchamben80as setelnvapor

Ut ace GRRGP PR e, i ool iEbuymicht 8 SRR ot B gt Terodecoedi ng
1150C, Th, i £ 5 ' t ' ti | gum
cnorgy prodhEftEEs th Shimil R Hop Bt 6 SBAIR, BCe AR B 21T
exanpl e gk rhpRIlpeesiedtandtagehl it fréthtthewdluliin Aagmbeenzdescribed that bul ky
netal evaporating nmaterial V having a small specific surface area is used

t & reduce [0B88hnount of evaporation under a constant temperature, this is
not absolute. For exanple, it may be possible to reduce the specific

surface area laythe examplegofdthehpresentiinyreadionh althoygh it dusswen dessribedect i on
' that Dy is used as metal evaporating material arranged in the box body 21
together with the sintered magnet S, it is also possible to use Tb having a low
vapor pressure in a range of heating temperature (900°C~1000°C) of the
sintered magnet S enabling to accelerate the optimum diffusing velocity.
When the metal evaporating material V arranged in the box body 21 together
with the sintered magnet S is Th, the evaporating chamber may be heated in
a range of 900°C~1150°C. If the temperature is lower than 900°C, the vapor
pressure cannot reach to a level enabling to supply the Tb atoms to the
surface of sintered magnet S. On the other hand, at a temperature exceeding
1150°C, Tb is excessively diffused into the grains and thus the maximum
energy product and the remanent flux density are lowered.
[0059]

In the example of the present invention, although it has been described
that bulky metal evaporating material V having a small specific surface area
is used to reduce the amount of evaporation under a constant temperature,
this is not absolute. For example, it may be possible to reduce the specific

surface area by arranging dish (or dishes) having a recessed cross-section in

the box body 21 and placing thereon bulky or granular metal evaporating
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t he box body 21 and placing thereon bul ky or granul ar netal evaporating 21
material V or possible to nount a lid (not shown) having a plurality of

openi ngs on the dish after the nmetal evaporating material V has been

pl aced. thereon. [0060] Also in the exanple of the present invention,

al though it has been described to arrange the sintered nagnet S and the
netal evaporate material V in the processing chanber 20, it may be possible
for exanple to provide an evaporating chanber (i.e. other processing

chamber, nRitesiad\W) oS @RasBIELIY mbaai 4 NR1 KheC 8RsWhY khanbes RAbrate, of her
heati ng nmeans for the evaporating chanber, and to construct so that the

met al at oopenimgshenvipordish naft@hdhe nmitel swppbraihg anhtreidi Nt drsedbemgnet in
t he processi ng chanber 20 via a connecting passage comruni cating the
processi ngladedntlareon. and the evaporating chamber after the netal

evaporati ng &%ﬁri al has been evaporated in the evaporating chanber. [0061]
In this ca % en the primary conponent of the netal evaporating materi al

Ve DL 1 BRI ARSI IR e Rl AP IE st

t enper at ur e, sat urate _

10-" Pa) . Hbsdribdftd QM‘%&%_B WAB sitdfed n‘é@%oé?cﬂ’ RS Stte] efahtd fRGBrig) | evel

at which Dy can be supplied to the surtace of sintered magnet S so that Dy

is diffu¥emh thiwphaeegasabustberP®0)6t hadyebe ipdbsibldor@xanplbay ptavidepiases. On
t he ot her hand, when the prinmary conponent of the netal evaporating

materi al Wvaporabing Heambapdr.at oHprcpracbssingwhamddreape shpwnd GepatehC. | f
it is lower than 900C, the vapor pressure cannot reach a | evel at which Th
at ons caniyean she processing ¢hoanker 2@@@(1&&@1" heatiaa meapfefor she oyappeatiagit r ary

TS BB S, 408t IR 5 Sl R A0, bR,
[0062] are supplied to the sintered magnet in the processing chamber 20 via a
connecting passage communicating the processing chamber 20 and the
evaporating chamber after the metal evaporating material has been
evaporated in the evaporating chamber.

(0061]

In this case, when the primary component of the metal evaporating
material V is Dy, the evaporating chamber may be heated to 700°C~1050C
(at this temperature, the saturated vapor pressure may be about 1X10™*~1
X107 'Pa ). If it is lower than 700°C, the vapor pressure cannot reach a level
( at which Dy can be supplied to the surface of sintered magnet S so that Dy is

diffused and homogeneously penetrated into the grain boundary phases. On
the other hand, when the primary component of the metal evaporating
material V is Tb, the evaporating chamber may be heated to 900°C~1200C.
If it is lower than 900°C, the vapor pressure cannot reach a level at which Tb
atoms can be supplied to the surface of sintered magnet S. On the contrary if
it is higher than 1200°C, Tb would be diffused into grains and thus the
maximum energy product and the remanent flux density will be decreased.
[0062])
When it is possible to heat the sintered magnet S and the metal
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When it is possible to heat the sintered nagnet S and the netal 22
evaporating material V at different tenperatures, it may be possible to heat
the sintered magnet S at a tenperature in a range of 800C*-1100C and keep
it at this tenperature. This enables to accelerate the diffusing velocity
and thus to efficiently diffuse in order Dy and Th deposited on the surface
of sintered nagnet into the grain boundary phases of sintered magnet. |f

the tenp : PalE P Ll S 0 ssi bl e
to. have & APPaLY sRUBHEY ¥ ol ROk enk ek aiicR b amaf bRARASIbIG o HERE
honogeneowyhé sipgsret rabgdet 1§ at taheerdparatub® U daminpbasFesot ~ resar dege of
sintered magnet, it is afraid that a thin filmconprising the netal ~..
evapor at i kgeput etithlis tamperatade.dihishenailed ax acaflesitatthe et ffomgpeteloéy t he
other hand, if it is_higher than 1100C, Dy or Th would be entered into
grains bendgthus teceffigienslyadidfuse inrarder Aennd Thaderesiteddomthe suaface of woul d

be same as. that into which,Dy or Th is added duri.ng manufacturi he
sintered MHRIAEED MARPGEHRLO (the %”@%%}’Q’Pﬂﬁéfy % f Stwigred %%@&ﬁtdﬂﬁgfwy t he
maxi mum e dyct. LhRitin efi operti.es woul d . xtremely
feduced. - LoBRSr AR U tufeled haffiol Wy ohgh Soghe DERED P 3s SPGBl ' { he
surface ohaysl B cathsTRANGbIoRDCeRRE1RY A% haarm did f s edifrlen thga grain
boundary phases, It may be possible to reduce the pressure in the vacuum

chamber 13onidgedepiislsiepeaidiiated iRt $Ee e@alitbfundary pRasdadf theastifacevicuat i ng
means 11 and to keep at its pressure for a predeterm ned period of tinme

aft er thesigeestumagneat,t he 1sr afemdi thathanben fohaompessinge dheedndtal a
pressure (e.g. 5 x 10-'Pa) higher substantially by half-digit than the
pressure evaperating materiehdntfermed omihe myriitecdl pintered pwgnetsOn éhe o heat

moane. 3 afPeichREG thisshiEhen HafA AP0 CrdPy B JPetbrE i ARETHL TN GEIGRnS | pe.
[0064]  FyLiNer ARESal HhIBY oP th SRR USMA NS YA e afi0Wh Rl BERAEFRET ali N
that into which Dy or Tb is added during manufacturing the sintered magnet
and thus the strength of magnetic field, accordingly the maximum energy
product exibiting the magnetic properties would be extremely reduced.
[0063]
In order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet S before Dy and Tb are diffused into the grain boundary
phases, it may be possible to reduce the pressure in the vacuum chamber 12
( to a predetermined pressure (e.g. 1X107°Pa) via the evacuating means 11
and to keep at its pressure for a predetermined period of time after the
pressure in the processing chamber 20 has been reduced to a pressure (e.g. 5
X 10~ *Pa) higher substantially by half-digit than the pressure in the vacuum
chamber 12. During which it may be possible to heat the processing chamber
20 for example to 100°C by actuating the heating means 3 and to keep this
temperature for a predetermined period of time.
[0064]
Furthermore it may be possible to provide a known plasma generating

apparatus (not shown) for generating Ar or He plasma in the vacuum
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apparatus (not shown) for generating Ar or He plasma in the vacuum 23
chanber 12 and to performa prelimnary treatnent for cleaning the surface
of sintered nagnet s by plasma prior to a treatnent in the vacuum chanber
12. When the sintered nagnet S and the netal evaporating naterial V are
arranged in a sane processing chanmber 20, it nmay be possible to arrange a
known conveyor robot in the vacuum chanber 12 and to mount the lid 22 in

h h | h | d. h
- the. exBRBEDT2 A B bRty SedRbREv A P ABTER: FE Mo SHBE e et ( ne.
box 2 is gtd; ‘Eél‘éﬁ)‘?ﬂggge@s %8?;}19915% %of"f’(gaatréé&n&%t fgp ut% i ﬁgﬁbert he top

openi ng of t e bo a structure 1s not structure

can be adﬁpt%ehoméﬁ@lmé@siemagn@wmharwef mietall &vdppRheingdnhtamal earevacuum
chanber 12 and a pressure in the processing chanber 20 can be reduced in

accor dancarranged necduchinenpuicesring chambear 20)at vaaybm positderto rrangon
exanple, it may be possible the top open of the box body 21 to be
cover ed eklgowwoavwrf bot anthe vagausl ﬁh@mga gt temamtithenid 83tini ned in

t he box bgdy 21. ma a ssi bl.e onstruct. the processing chanber
20 is ti gﬁ??c&“&éhapﬁefﬁg axfgec'dg‘r%‘i af e@&@ﬁé&eﬁ%ﬁ processi ng chanber
can keep axog{% eterm ned pressure |ndependent of the vacuum chanber 12.

[ 0066] e the lesser the Q2content, the faster the diffusing velocity

of Dy and ThELPiHer 1H%hl re%hﬁlp‘l@ﬁf‘ﬂ?é %ré%'@ﬁ% Sverltfhil '&qﬁ{bhfﬂ it id'8estiriHeqr €d

magnet S itself nmay be lessthan 3 ppm  pr ef er abl 000 ppm and nore

pr ef er abl ghat HBQbdxpMis [sbrteodisdehy alhox bODO 2] sAsd a 1&d Iz.v,ajbewe fgeéd oh Nd- Fe- B
famly, a nenber nmachined to a cylinder (10 mmO0 X 5 nm having a

conposi tithe tip 8penihgl 8 the boy-Idgpsbeh.a skajctTle imnehtabsblutbearsd mngr ed

megnet 3 slti'ag:lu];'e chanSgg a%%?tef Qg t}al\éegr%ggntg;r?ve%tlon if it is isolated from the
vacuum chamber 12 and a pressure in the processing chamber 20 can be
reduced in accordance with reduction of pressure in the vacuum chamber 12.
For example, it may be possible the top opening of the box body 21 to be
covered e.g. by a Mo foil after the sintered magnet S has been contained in
the box body 21. It may be also possible to construct the processing chamber
20 is tightly closed in the vacuum chamber 12 so that the processing chamber
can keep a predetermined pressure independent of the vacuum chamber 12.

[0066] ,

( Since the lesser the O,content, the faster the diffusing velocity of Dy
and Tb into the grain boundary phases, O,content of the sintered magnet S
itself may be less than 3000 ppm, preferably 2000 ppm, and more preferably
1000 ppm.

[Embodiment 1)
[0067]
As a sintered magnet of Nd-Fe-B family, a member machined to a
cylinder (10 mm ¢ X5 mm) having a composition of 30 Nd-1B-0.1 Cu-2 Co-bal.
Fe, O content of the sintered magnet S itself of 500 ppm, and average grain

diameter: 3u m was used. In this embodiment, the surface of the sintered
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dianmeter: 3,u mwas used. In this enbodinment, the surface of the sintered
24 magnet S was finished as having the surface roughness of 20 u in or |ess
and then washed by acetone. [0068] Then a pernanent nmagnet M was obt ai ned
usi ng the vacuum vapor processing apparatus 1 described above, depositing
Dy atons onto the surface of sintered magnet S in accordance with the

nmet hod descri bed above, and diffusing the Dy atons into the grain boundary
phases before a thin filmof Dy is formed on the surface of sintered magnet
S (vacuuriggpel Spyat Basshed)as haninghe supbane vanghness of 20wimrardesngndt S was
pl aced on,the bearjn rid 2la in the processing chanber 20, and Dy of
99.Q%Megg@8n67a§ﬂ¥§?Eaa%@nﬁsed as the metal evaporating material. The netal
evaporatiqgogg erial has a bulky configuration and the total weight of 1 g
of the metal evaporating material was placed on the bottom surface of the

processi ng ChpR&era $BrmahBRP Ihad@M Reasy 8BE4HALE NATRS theesa QRGEE Jagy@&"??d to
1X 10-4 Pa (the pressure in the processing chanber was 5 x 10-'Pa) with

activat i nyotésingupparitusd deanbdedndotdeddppsiteiaDy fodls drite the @oefsk ng

chanber 20 heated by the heating neans 3 was set at 975C. The vacuum vapor

processi i sateredembignee® iwmcterdance svidhttdre nteshoddescrbed ebowve,t Ard

pr ocessi % chanber 20 =~ had reached 975C. (Conparative Exanple 1) [0070] A
1

filmfor AHysHEe Byngtoms Ifer ther gisdn heamdery mhases hefored thignBim of sane as
t hat in th i t.1 i it t .

(VRR 200U RETHAEL A fbF guetzee oF giftefod Bliiinct & Brichuft uibRs BOESAg 2 wo

b d of {thg.:prd o ! i | ectric. t
of 150 Anfeibodibient, Po Siiip TR LS v BBicBd 'y, Bhe Belfibl Gd" " "
ptocess  F1ar irdthahiyeb&singichambey 30, a2 DR DOEI,Aekreenoft e ifybwhoakedaand the

vacuum
as the metal evaporating material. The metal evaporating material has a

bulky configuration and the total weight of 1 g of the metal evaporating
material was placed on the bottom surface of the processing chamber 20.
[0069]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10~ ®Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. The vacuum vapor processing was
performed for 12 hours after the temperature in the processing chamber 20

L had reached 975°C.
(Comparative Example 1)
[0070]

A film-forming processing was performed against the sintered magnet S
same as that used in the Embodiment 1 using a vapor deposition apparatus
(VFR-200M/ULVAC machinery Co. Ltd.) of a resistor heater type using a Mo
board of the prior art. In this Comparative Example 1, an electric current of
150 A was supplied to the Mo board and performed the film-forming process
for 30 minutes after Dy of 2g had been set on the Mo board and the vacuum

chamber had been evacuated to 1 X 10~ *Pa.
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chanmber had been evacuated to 1X 10-4 Pa. 25 [00711 Fig. 5 is a photograph
showi ng a surface condition of the pernmanent magnet obtai ned by perform ng

t he processing descri bed above and Fig. 5 (a) is a photograph of the
sintered magnet S (before process). It is found from this photograph that
in the sintered magnet S of "before process” although black portions such
as voids of Nd-rich phase being grain boundary phase or de-grain traces can
be seen, the bl ack portions di sappear when the surface of the sintered
magnet is ¢80&ikd by the Dy layer (thin film as in the Conparative Exanple
1 (see Fig. 5 (b))..In this case the nmeasured val ue, of hj ckness of the Dy
| ayer thin fi |1§%¥)- Wals Aophotegr ts&?@Wé%tar gyyfape Cpgglrtwna% the, ResBANeBSdi nent

1 that black i h i ds, of Nd-rich.ph de- gy ai

be seen afiieRtsoPLiedbY deffbrinin W8 edcrsini aB G bed Rbovi LR o 7t er ed
jnet of ;" L i £iqn.jta t t

or it ent 15 P Epgahfl tithe SBiaRdl hsdilel & IR0 BEEID 10% OB O

Dy layer hhgaph6tdpraphehhaGh e ¥@kaRkd Makhat iPof (‘EQEré;bgecegs’( &)thoufR072]

Fig. 6 is a table show ng the magnetic properties of the permanent "nagnet M
obt ai ned ibladc portiamceucti hé vorlsdoft Ndnscldpheasé bethgapperia boMndaey phaspoeperti es
of the sintered magnet S "before process"” is shown in the table as a (..
conpar at i e gueantracessaodvalseny, the thhack petsiansi disappéayuwtien the sunfacpef nanent

magnet M of the Enbodi nent 1 has the nmaximum ener gy ,pr.odyct . (BH).max, of 49.9
M3Ce, thetL%nﬁwéﬁ’Eedf |Ia%g%°@n§$tgpvere(§fbn45§ R laver (Hincoemi 90 otke i He

o 231 B ML B B 209, e SR e TR o WP S
vapor P ORRRERES o EIOTSY IR (in KAAY A0 At Oh WhELoRBARS i1 O HaFe- B
in the Embodiment 1 that black portions such as voids of Nd-rich phase or
de-grain traces can be seen and thus are substantially same as those of the
surface of sintered magnet of “before process”. In addition it is found that Dy
has been efficiently diffused into the grain boundary phases before formation
of the Dy layer because of the fact of weight variation (see Fig. 5 (c)).
[0072]
Fig. 6 is a table showing the magnetic properties of the permanent
magnet M obtained in accordance with conditions described above. Magnetic
properties of the sintered magnet S “before process” is shown in the table as a
( comparative example. According to this table it is found that the permanent
magnet M of the Embodiment 1 has the maximum energy product (BH)max
of 49.9 MGOe, the remanent flux density Br of 14.3 kG, and the coercive force
iHe of 23.1 kOe, and thus the coercive force (23.1 kOe) is remarkably
improved as compared with that (11.3 kOe) of the sintered magnet S before
the vacuum vapor processing.
[Embodiment 2}
[0073]
As a sintered magnet of Nd-Fe-B family, a member machined to a plate

(40 X 40 X 5 (thickness) mm) having a composition of 30 Nd-1B-0.1 Cu-2
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(40 x 40 x 5 (thickness) mm having a conposition of 30 Nd-1B-0.1 Cu-2 26
Co-bal. Fe, 02content of the sintered magnet S itself of 500 ppm and
average grain diameter of 3 u in was used. In this enbodi nent, the surface
of the sintered magnet S was finished as having the surface roughness of
20,u in or less and then washed by acetone. [0074] Then a pernmanent nagnet
M was obt ai ned usi ng the vacuum vapor processing apparatus 1 and the vacuum

vapor processi n% met hod described above. In this enbodinment, a M box
havi ng di faenkalols, O, con@nx of the Xirderedmagast Ssiseblbief 50 pbox addambrage

thirt i nt d S I idistantl t h ot her. |
Sl 11 on Byr GImOudad B¢ BT VBB NES. as I iaSERbRLmanS, ABE AUIEwEDe) B ng |
terial. T t al td terial h | K
Cont 1 gur aP ORI AR corar EPRT coberdpeFne ABriige SPoEEadssHAThE fic eri a
was pl ace%sg%&r%&&p&,hgﬂééwfa@g&mgf t he processing chanber 20. [0075] Then
e

t he vacuum cha r was once reduced to 1 X 10- 4 Pa (the pressure in the
processi ng[gdrasjper was 5 X 10- aPa) with activating the evacuating neans
and the tenperature of the processing chanber 20 heated by the heating
means 3 was sHtheat a9@&rinaildre wexpmem Mapas gbtatesk usingvele vacupar fvapoed f or
12 hours after the tenperature _in the processing chanber 20 had reached
925C. TheRronsasing: appanatus lasngddhe orassgnmnivahos ro¢asginghmethed slesembed

per manent AHEtindE HhE CRLCRTRER 5y USORPORATHG FETRAIIGY 2ok 10 560 BBbve was
cuL 20 MLEECUA"E TS, o A AL ORI el ™
megnet equidistantly apart each other. In addition Dy of 99.9%degree of purity was
used as the metal evaporating material. The metal evaporating material has
a bulky or granular configuration and the total weight of 1g of the metal
evaporating material was placed on the bottom surface of the processing
chamber 20.
[0075]
Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10 *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated

by the heating means 3 was set at 925°C. The vacuum vapor processing was

, /m»\‘\

performed for 12 hours after the temperature in the processing chamber 20
had reached 925°C. Then heat treatment was performed with setting the
treating temperature at 530°C and the treating time period at 90 minutes.
Finally the permanent magnet manufactured by performing the method
described above was cut by wire-cutting as having a cylindrical configuration
of 10 mm ¢ X5 mm.
[0076)

Fig. 7 is a table showing the magnetic properties of permanent magnet

when changed the configuration of Dy and the amount of Dy arranged on the

bottom surface of the processing chamber so that the ratio of the total surface

27



when changed the configuration of Dy and the anount of Dy arranged on the
bottom surface of the processing chanber so that the ratio of the total
surface 27 area of Dy to the total surface area of sintered nagnet S in the
processi ng chanmber 20. According to this table it is found that Dy can be
diffused into the grain boundary phases before the thin filmof Dy is
formed on the surface of sintered nagnet S if bulky Dy of 1 5 mmis used
and said ratio is in about 5 X 10- 5 ~-1. However it is necessary to make

t
the ratio | o I, : i i . r Cj e of
bbout - 20 K EEAZE DRID theltotdl shftachieh of B8l et (B MHCpRRED 0

Dy into thehahéidt 2RUACHENiNEhaSHEskably & istfoandhibatf Dy WagfbOdiffsseldoigd on
the surface of sintered magnet S if said ratio is in about 6° 1 X 103

al t hough grthagram bywodady. Phases deféredherhis filmed Darnisl farmus] oo thbtsairface he
coercive force higher than 20 kCe. However a thin film of Dy was forned on
the surfac®fsmtered eragmefsgihdulky Dy ofal wdrmam b wedond saidaiagisristingboutx 10" .

naving a Comblt tiofierus fur sPesaBd B s i 1ot oo

i rachi | | hel @i f 2.2

am 1 noar i iR Bl e y8 1 GatR R bROR, DRARAES Jardaln ©
strip casifggq ffﬁéb?@ﬁ"%é%iﬁl@rtmﬁiﬁhkélg)f%to?f%ai%o HAarflphalts BbfoFa! d

conposition ratio an en once groun wn hydrogen gri ndi ng process

and conti nHeuhly fipul ofeDy 1€ tbrived be thelsubiach of @inte @Sk sfagnbbPifaasd paR6 ed
magnet S having the average grain dianmeter of 0.5 u m25 u mwas obtai ned

by si nt er iingntdt®upubvdri 1@t althwieh grederlapiyef €.0d med oc dhdithimmns vaéd er
having been magnetic field oriented and formed to _a predeterm ned

confi gur at ia®d thys tg ahbpmn theneoexeive dexcediighee tham 208 kQe. Hgteters thig flmi shed
2 Vg La S AS LT TRE rBlee 5 nfBeRh 2o B S R
larger than 1X10°.
[Embodiment 3]
{0077]

As a sintered magnet of Nd-Fe:B family, a member having a
composition of 25 Nd-3 Dy-1B-1 Co-0.2 Al-0.1 Cu-bal. Fe was used and this
member was machined to a rectangular parallelopiped of 2X20X40 mm. In
this embodiment, an alloy of 0.05 mm~0.5 mm was made by a known strip
casting method with formulating Fe, B, Nd, Dy, Co, Al, Cu at said composition

‘i ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magnet S
having the average grain diameter of 0.5 m~25u m was obtained by
sintering the pulverized powder under predetermined conditions after having
been magnetic field oriented and formed to a predetermined configuration in
a mold. The surface of the sintered magnet S was finished as having the
surface roughness of 50 1 m or less and then washed by acetone.

[0078]

Then a permanent magnet M was obtained using the vacuum vapor

processing apparatus 1 and the vacuum vapor processing method described
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Then a pernmanent magnet M was obt ai ned using the vacuum vapor processing
apparatus 1 and the vacuum vapor processing nethod descri bed 28 above. In
this enbodi ment, 100 (one hundred) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition bulky Dy of 99.9 % degree of purity was used as the netal
evaporating material and the total weight of 10 g of the netal evaporating
mat eri al was placed on the bottom surface of the processing chanmber 20.

[0079] ThemmidiR. Va¢hisRRPAdIREInt V80 (ke huddYePhihtortd tQoAetE® abdBladBiESSUr €
in the processing chanber was 5 X 10-3Pa) with activating the evacuating

means and tdrethebearialigugd d14d e the Me Inixng egluadisenthd apast esch byhdrhén
heating neans. 3 was set at 975C. The vacuum vapor processing was perforned
for 17" 72 rsditionf butky iyt efipRf.9tadegtee tdfe pprivy ewsisngisedanpethe 20etwdd
reached 975C. Then heat treat n}t‘ was _per f rm%d witt} etting the treating
t enper at ur EVAPOLYERE Rt A0k ?ﬁ@t%liwggéﬂo]@gto eningtAle@VaporatBe] Fig.

8 i bl howi i [ f th
obt i ned i TRAREOH R BRI B PR Bl of Bl bHBsSa R D APIAGD” val ues.

Accordi ng tc{Ob'?:t)f table it is found that a pernmanent magnet having the
maxi mum energy product (BH)nmax of 52 M30e or nore, the remanent fl ux

density Br of IPhéh kBeOatRif chRthHere we@Chbhtd SredEEE foHq 0f1030" RER(tRE  nore
when the average grain dianeter is 1*-5 u mor 7-20,u m [Enbodi nent 4]

[0081] As gressurer ad thegpmicesdinEeelBihblef avdd ¥ a0 ~F Ra) wdithgadvatingrehber
having a conposition of 27 Nd-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used.
In this entvdcuating means hng the temyBratnme. & the presessine chymbek 20wheatedr i p

coslin0 ot ik ol ol Fe B ML G o B pel 0 cpmpes {1 on
performed for 1~72 hours after the temperature in the processing chamber
20 had reached 975°C. Then heat treatment was performed with setting the
treating temperature at 500°C and the treating time period at 90 minutes.
[0080]

Fig. 8 is a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at average
values. According to this table it is found that a permanent magnet having
the maximum energy product (BH)max of 52 MGOe or more, the remanent
flux density Br of 14.3 kG or more, and the coercive force iHe of 30 kOe or

( more when the average grain diameter is 1~5 u m or 7~20 u m.
[Embodiment 4]
[0081]

As a sintered magnet of Fe-B-Nd family not including Co, a member
having a composition of 27 Nd-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used.
In this embodiment, an alloy of 0.05 mm~0.5 mm was made by a known
strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr at said
composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then a

sintered magnet of a rectangular parallelopiped of 3 X 20X 40 mm was
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process and continuously pulverized by the jet mlling process. Then a
sintered magnet of a rectangul ar parallel opiped of 3 X 20 X 40 mmwas 29
obtained by sintering the pulverized powder under predeterm ned conditions
after having been magnetic field oriented and fornmed to a predeterm ned
configuration in a nold. The surface of the sintered magnet S was fi nished
as having the surface roughness of 20p mor |less and then washed by

acetone. },p0824 bphﬁat&iﬂg&ﬁél@%eﬁr%@ 5w%1\ﬂlaﬁd9p§)%d&é‘rﬂiﬁ{é&g¢&mﬁg§§uum

vapor processing apparatus 1 and the vacuum vapor processing net

descri bed afiapOhgvinknbddii nafail ABld oribdtdd emd frMal ¢6 Jpgedséterdiaée pl aced
on the bearing grid 21la in the Mo box 2 equidistantly apart each other. In

addi ti on coufigyradionoin 8madvilteguetacefof phe isinteved mepdt Sswhhdinmshal as
evaporating .material and the total weight of 1 of the metal evaporating
materi al Wa¥ingthecuirface xnwbmess 6hPQ um 8% éeﬁ?fall%gl% vweshed hy acptomser 20.

[ 00831 Thg@ ééﬁ vacuum chanber was once reduced to 1 X 10 Pa (the pressure
in-the pro Q g chanber was 5 x 10-'Pa) with activating the evacuating

oS, o e DS G Bl IR R I S B Y abie
oSS TSI g e epI SR BRI 1
per f or redabbtd Rethisngmbbdirhérgtlon ftehn® nietezédngaghets0d Gurenplatdd o €as i ng
time period at 90 m nutes and searched for the vacuum vapor processing hour
(time intbesrng grid laabl thebMot bomd reguidistanife aphdsef(cipoihmmflyadditmn vapor
precsss g, louly LR YS, Siale o [9904E I oAl alve Erarples,
Qu-0. 05 G Q. hiaf andPlhie Fotal %Oquﬁtr at ilvge of the metal evaporating material was

placed on the bottom surface of the processing chamber 20.

[0083]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 107 3Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 900°C. Then after the temperature in the
processing chamber 20 had reached 900°C, the vacuum vapor processing was
performed for 2~38 hours at every 4 hour interval. Then heat treatment was

{ performed with setting the treating temperature at 500°C and the treating
time period at 90 minutes and searched for the vacuum vapor processing
hour (time interval) obtainable best magnetic properties (optimum vacuum
vapor processing hour).

(Comparative Example 4)
[0084]

In Comparative Examples 4a~4c, sintered magnets each having a
composition of 27 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 4a), 27 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative

Example 4b), and 27 Nd-8 Co-l1 B-0.05 Cu-0.05 Ga-0.1 Zrbal. Fe
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Exanpl e 4a), 27 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Conparative
Exanpl e 4b), and 27 Nd-8 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe 30
(Conparative Exanple 4c) were used as a sintered magnet of Fe-B-Nd famly
including Co. In these exanples, an alloy of 0.05 M 0.5 nmmwas nade by a
known strip casting nethod with fornulating Fe, B, Nd, Co, GQu, G, Zr at
said conposition ratio and then once ground by a known hydrogen grinding

process a(Coraphtd tiOBERhihpgle 4¥EwesEdsb ab BSsihfdreAichh iRt HTRCBSN ARAR 2
sintered magnet of a rectangul ar parall el opi ped of x 20 x 40 nm was

obt ai ned cladinigeCo.ra these pihirgiies ech Hdoydef 0.08dem PO Somne wrsnadde bpdi ti ons
after having been magnetic field oriented and fornmed to a predeterm ned
conf i gur aknowni strip nasting Thethodrwitheformulatingi e, B e Wdydom etruSGaa Zrf ani shed
as, ( having the surface roughpness of 20 u in_or |l ess and _then washed by
acet one. SAHHIIRASHHAR FRtivadd the onee &rewnd vt ikpowy hygregeugrinding, s

obtained b erfoymng. the processi.n escyi bed abgve under s condi tions
o those PHcePhaIR oatinubsly 3T Cu:iSa the Jor hETOHE AMHSSe LIy dpor
processin r ;@%5 i i i e % es of

t he rragnegjll%&%lrdop%r [ esLf o%: rg%’%ag‘&lh‘zaﬁ? ptr?ggir@to Elbga\éft g?née%ezl(ﬁ%t%(gqﬁ%?! ment 4
and Conpagstiahyad b??é@ﬂ%'rﬁﬁg fige fG1va2i208| doviderayiddiad bedBtminkl GAAIAHLON

resi stance. Magnetic properties before the vacuum vapor processing of the
present i aftenthavingdsenpardemeniedfieldeosibsteds Aadnformddheo taabreddtérgindd) . The

100 hour saturated vapor pressurizing test (Pressure Cooker Test: PCT) was
carri ed ocanfiguratioe inconraddi The susfase afithe siederedDagdpt Savenfidishgdtas t hi s

Corpar at | Bavieeshst wirtace BualsenaR 0 mhehdc oh (Bn PGSR AT e ot
TEEERIN TR P e
by performing the processing described above under same conditions as those
of the Embodiment 4 and searched for the optimum vacuum vapor processing
hour.
[0085]
Fig. 9 is a table showing the average values of the magnetic proj_oerties
of permanent magnets obtained in the Embodiment 4 and Comparative
Examples 4a~4c as well as evaluation of the corrosion resistance. Magnetic
properties before the vacuum vapor processing of the present invention was
( performed are also shown in the table (Fig. 9). The 100 hour saturated vapor
pressurizing test (Pressure Cooker Test: PCT) was carried out for the

corrosion resistance test.
[0086)

According to this table (Fig. 9), it is found that since the permanent
magnets the Comparative Examples 4a ~ 4c include Co, generation of
corrosion is not visible in the test despite of performing the vacuum vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force when the

time interval of the vacuum vapor processing is short and the optimum vapor
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corrosion resistance, it is inpossible to have a high coercive force when
the time interval of the vacuum vapor processing is short and the optinum
vapor 31 processing tinme interval (hour) will be extended in accordance wth
increase of Co content in the conposition. [0087] On the contrary, in the
per mmnent magnet of the Enbodinent 4, it is found that no corrosion is
visible after the test despite of including no Co and thus it has high
corrosive resistance. Furthernore it is found that the permanent magnet of
t he Enbodi npiicedsifi@ime QMtad@ahlghud aalichy exfaided i@f acco¥@im@ewith #pesbt er a
very short vacuum vapor processing such as 2 hours. [Enbodi ment 5] [0088]
As a sint erddCoreqmtent of thiel edimpBsitmm. | y, a nmenber having a conposition of 20
Nd-5 Pr-3 Dy-1B-1 Co-0.2 Al-bal. Fe was used. This nenber had its own
2cont ent  ofl098a ppm and average grain dianeter of 4 u in and was nachi ned

R R e T
: Q0 en
gfoggxd %ﬁlt ‘}1‘3 co?dcflocﬁ) is (%slblg f?etr thd tg% @;g)?%; (gf 1512 u({r%ﬁ% no @8 gnd

once groun NOWN F0gen grinding pro usly

pul verized st € Hall h H |d0?ﬂ)sWé)9@§1§taﬁ@%erFﬁ’rtﬁbﬂh@f§qt MRIRRINIS th%sthe

obt ai ned by sintering the pulverized powd under predeterm ned conditions

after havi ngraeeredtega ghec of ithk cEmbb&ﬁh@ﬁlt artﬁhnf prévEde tiigh coBf&Getfercai dfed
configuration in a nol The surface of the sintered magnet S was fini shed

as havi ng tzh@ragle fl8deOe afighne=sy shofvacuum vapbepscassinglsanh asdshaarsby
acetone. (0Q89]. Then a permanent magnet M was obt ai ned using the vacuum
vapor proc @}Ph@d &k us 1 and the vacuum vapor processing net hod

des¢ri bed a(la%gg] In th| s enbodi nent, 10 (ten) sintered nagnets S are pl aced
on the

As a sintered magnet of Nd-Fe-B family, a member having a
composition of 20 Nd-5 Pr-3 Dy-1B-1 Co-0.2 Al‘bal. Fe was used. This
member had its own O,content of 3000ppm and average grain diameter of 4
¢ m and was machined to a plate of 20X 40X 2 (thickness) mm. In this
embodiment, an alloy of 5 mm (thickness) was made by a known centrifugal
casting method with formulating Fe, B, Nd, Dy, Co, Al, Pr at said composition
ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magnet S

was obtained by sintering the pulverized powder under predetermined

ST
/ .

conditions after having been magnetic field oriented and formed to a
predetermined configuration in a mold. The surface of the sintered magnet S
was finished as having the surface roughness of 20 u m or less and then
washed by acetone.

[0089]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
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bearing grid 21a in the box 2 equidistantly apart each other. In addition
bul ky Dy of 99.9%legree of purity was used as the netal evaporating 32
material and the total weight of I g of the netal evaporating material was
pl aced on the bottom surface of the processing chanmber 20. [0090] Then the
vacuum chanber was once reduced to 1 X 10-4 Pa (the pressure in the
processi ng chanber was 5 X 10-'Pa) and then the pressure in the processing
chanber was set at 1 x 10-'Pa. After the tenperature in the processing
chanber 2nhateaehenhdatly estal erdighedf tlegéthe unstalidRppiMies makerdrwied above
was perfornmed for 12 hours. In this Enbodi nent 5, tﬁe sintered magnet S and
t he met al plagedromidtechatédm\sunéace didhe paotessmgChamblsem2.i al | y sane
tenperaturg. T&En heat treatnment was performed with setting the treating

t enper at ur 080k00C and the treati ng time period at 90 mnutes. [0091]

Fig. 10 i bl how I f [ i

permanent - magnaes (REn tREuE cARERReY e rorike TGRS &0 hh S Rantdn 2P%as
vari ed | np8edsd90% the pr0Gssi A RARAST Y4 6 e By RO NALICS Ul [ e ed
magnet whBR The: vacuu vapor processi ng was not carri ed out VASEOr di ng to

this tabl ehd procesbRignchdhiBér Sulsfdeti /N XD~ APGA FER VMR teRfpstHPRId BOtHS t he
surface of the sintered magnet S at a tenperature |ower than 800C and thus

t he coer cpyecebsingechdiabenioredihedl 4 goicdetIrmingdr evesbraQird, theopfresdrand,
the nmaxi mum energy product (BH)max and the remanent flux density Br were
reduced bdesurseedofabexe ewas \verfourpmdy faf 12hkowss. dinotigisaEmbademeat o, uthe
exceeding 1050 C. In this cz%lse t he SUU ace of the sintered nagnet was
formed wi shitexed gyagnet Sogmd the medakgranoar patenal sVt werel hepded atdhed nanent
megnet of

monet of b o BOeLLE, RLORSLILSS TRY Rfat S RIS Bl oGS
setting the treating temperature at 500°C and the treating time period at 90

minutes.

[0091]

Fig. 10 is a table showing average values of magnetic properties of
permanent magnets when the temperature in the processing chamber 20 was
varied in a range of 750°C~1100°C together with average values of sintered
magnet when the vacuum vapor processing was not carried out. According to

this table it is found that sufficient Dy atoms cannot be supplied to the

surface of the sintered magnet S at a temperature lower than 800°C and thus

AT,
/ )

the coercive force iHe cannot be effectively improved. On the other hand, the
maximum energy product (BH)max and the remanent flux density Br were
reduced because of excessive supply of the Dy atoms at a temperature
exceeding 1050 °C. In this case the surface of the sintered magnet was
formed with Dy layer.
[0092]

On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BH)max of more than 50
MGOe, the remanent flux density Br of more than 14.3 kG and the coercive

force iHc more than 22 kOe was obtained when the temperature of the
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MCe, the remanent flux density Br of nore than 14.3 kG and the coercive
force iHc nore than 22 kCe was obtai ned when the tenperature of the 33
processi ng chanber 20 were set at a range of 800C*"1050C. In this case since
Dy | ayer was not fornmed on the surface of sintered nmagnet and there was

wei ght variation, it is found that Dy has been efficiently diffused into the
grai n boundary phases before the Dy layer is fornmed. [Enbodinent 61 [0093]
As a sintered magnet of Nd-Fe-B fam |y, a nenber having a conposition of 20
Nd- 8 Pr P3ogsssimgs chamber 20awege |set pé hagnge of SOMHC s 10 e rlnnthisiaase own
2content of _.3000ppm and avyera rai n di,anmet gr. of uin an s machi ned
Co ol HROPIBYRE Frsnol Yomaelk aBude SHiAGe0F Hdered-mogPie 4nd Htheval | oy o
10 mm (thickness) . . i . tyi. £ with

For mut at g EEtty ARG SHIE iR DL RRE B Icio 6T ARSI e
once gr 4ath ByuRdAyh ey Hefiethe Dy Biyed iPfRRERE and continuously

pul veri zed by the jet mlling process.” Then a sintered nagnet S was

obt ai ned [Eynisaditmit®d t he pul veri zed powder under predeternined conditions
after having been magnetic field oriented and formed to a predeterm ned
configurdP098]lin a nold. The surface of the sintered magnet S was fi ni shed

as having the surface roughness of 20 u in or |ess and then  washed by
acetone. [00%%]a shugred pmagaebne! nignie By faazily bvai membgsi hgving acuum

S22, BSSTBAP 30 Aol T LB 0, BRI, )
o 1 R A0, R AP pBonid Shaanklo pogk ygagiooter 1T

évapo_r at i B9 afPhRld Madifed 8 4 Qf1ate WEI K 40x 2 @hRknkl® ARhalneMaporating
material was placed on the bottom surface of the processing chanber 20.

embodiment, an alloy of 10 mm (thickness) was made by a known centrifugal

casting method with formulating Fe, B, Nd, Dy, Co, Al, Pr at said composition
ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magnet S
was obtained by sintering the pulverized powder under predetermined
conditions after having been magnetic field oriented and formed to a
predetermined configuration in a mold. The surface of the sintered magnet S
was finished as having the surface roughness of 20 u m or less and then
washed by acetone.
( [0094]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
material and the total weight of 1 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20.

[0095]

Then the pressure in the processing chamber 20 was set at 1X10™ *Pa.
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[ 0095] Then the pressure in the processing chanber 20 was set at 1 x 10-4
Pa. 34 After the tenperature in the processing chanber 20 reached a
predeterm ned tenperature, the process descri bed above was perforned for 12
hours. In this Enbodinent 5 the sintered magnet S and the netal vapor
material V were heated to a substantially sanme tenperature. Then heat
treatnent was perfornmed with setting the treating tenperature at 600C and
the treating time period at 90 mnutes. [0096] Fig. 11 is a table show ng
aver age Aftdnide tempargherd i Preoprocesseng chamber 2@neathedigreedetsmemnede
tenperature in the processing chanber 20 was (., varied in_a range_ of 850C
1200C t defePRERTUKRt theapracgsedesarihed affoveiwaspedormagdder 1ahenrs.Ha thaguum vapor

[ . t i. t. A di t this table it. is,f d that
%? 1;01 i;?éﬁ%ﬁb%%{r&&,c srE i DOBH St ﬂeeﬁgwtet?@a%%n%t%rlﬁL_ssz%%‘ér ed f"‘HC
: e rce |
Cannot Beated (0P Ry ShaiG AR Rhmic WpBOiaR” TP hepl uRBBRERE Mgl o)

product peBfdriid, withe séRIBNeRd tfdaithgdedifipbvatBre a@BDECSHNA the teofigd ve force
i'Hc were reduced because of excessive supply of the Dy atons at a

t enper attime pexiodediIomiddtds. In this case the surface of the sintered
magnet was formed with Tb layer. [0097] On the contrary, it is found that a
permanen(oﬂ%het of high magnetic properties having the maxi mum ener gy

Fron s, hna L R S Sevoch kel Hase B oRE st B ™
according._to conditions) ,coulhd be obtained when the tempenratuyre of the
o oosstirEmERD B AGRIS i iHE GRS Bk nl BRREIRE Yol gl L 08

Since T f d j
%Enbodi %Ea%fté\i‘;)]‘n ¥28nBObf 188H7ed 19801 G ogsttiel 3Fith Uveradl FARE s R Melered

magnet when the vacuum vapor processing was not carried out. According to
this table it is found that sufficient Dy atoms cannot be supplied to the
surface of the sintered magnet S at a temperature lower than 900°C and thus
the coercive force iHe cannot be effectively improved. On the other hand, the
maximum energy product (BH)max, the remanent flux density Br, and also
the coercive force iHec were reduced because of excessive supply of the Dy
atoms at a temperature exceeding 1150°C. In this case the surface of the
sintered magnet was formed with Tb layer.
[0097]

( On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BH)max of more than 50
MGOe, the remanent flux density Br of more than 14.6 kG and the coercive
force iHe more than 21 kOe (or 30 kOe according to conditions) could be
obtained when the temperature of the processing chamber 20 were set at a
range of 900°C~1150°C. In this case since Th layer was not formed on the
surface of sintered magnet.

[Embodiment 7}
[0098]

As a sintered magnet of Nd-Fe-B family, a member having a
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[0098] As a sintered magnet of Nd-Fe-B famly, a nenber having a 35
conposition of 25 Nd-3 Dy-1B-1 Co-0.2 Al-0.1 Cu-bal. Fe was used and

machi ned to a rectangul ar parallelopiped of 2 x 20 x 40 mm In this

enbodi nent, an alloy of 0.05"0.5 mmwas nmade by a known strip casting
method with fornmulating Fe, B, Nd, Dy, Co, Al, Cu at said conposition ratio
and then once ground by a known hydrogen grindi ng process and continuously

I ized by the j iLling . Th '
obt ;?L%éﬁwpéﬁ%pa bF 2 WA U vBT B C Bt (o hor Yot i el i 11 ons
t |.Ng ic fheld [ 2d f '
ot gur HRRE RO NG e & Rl DR e G, TG g e T R 0
fini Shedeﬁﬁm?ﬁiﬂb ?,M%n%yramesws*}ﬁﬁﬁva%f madothyaOknb WAt PRcAdt  Vashed

by acetone. [009 Then”a pernanent nagnet tal ne ng the vacuum

vapor  pithediwich dopathituse FeaBd Nd1€Dy,aColUA, \GR Ak sBide®@pbiigionetdips

descri bed above. In this enbodi nent, 100 (one hundred) sintered nagnets S
are pl acedd d¢henhenbeagrowndyrby 2al&krawn hhydtodenx griedimicdimbesss| yamabart each
other. In addition bulky % of 99.9 %degree of purity was used as the
netal e¢epenueusly pvdvesizesl by hhe defemilbing presessh(Then a sintered magmet &

ﬁﬁgﬁgéft gt OF%ESB%:M%%@ ARG ot NGBS MR aBes qREAb L BRI 104 Pa
" LY . . : 0 B . . :
the  evaldRiitgs nakiHE BRAREepd USRS MMk Codortiyc delothdd 0K 26 "
heated ByoddiErhffld ﬂ%ﬁ%ﬁﬁoﬁﬁ(ﬁ?nﬁﬁ& ‘fhe 34rfce -Bllfl%ﬁe a{deled B dntfRer ature

L@ the processing c 20 reached 975C, the vacuum vapor processing

s perivesnfiflished 4¢ -harih@uwhs. sdifese he@thidseasfrR0t, masr dess ahdethes t h
setting
washed by acetone.

[0099]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition bulky Dy of 99.9 % degree of purity was used as the metal
evaporating material and the total weight of 1 g of the metal evaporating
material was placed on the bottom surface of the processing chamber 20.

( [0100]

Then the vacuum chamber was once reduced to 1X 10~ “Pa (the
pressure in the processing chamber was 5X 107 °Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. Then after the temperature in the
processing chamber 20 had reached 975°C, the vacuum vapor processing was
performed for 1~72 hours. Then heat treatment was performed with setting
the treating temperature at 500°C and the treating time period at 90
minutes.

[0101]
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the treating tenperature at 500C and the treating tine period at 90

m nutes. [0101] 36 Fig. 12 is a table show ng the magnetic properties of the
per manent nagnet obtai ned in accordance with conditions described above at
average values. According to this table it is found that a pernmanent magnet
havi ng the maxi num energy product (BH)max of 50 M3Ce or nore, the remanent
flux density Br of 14.3 kG or nore, and the coercive force i Hc of 30 kCe or
nore (or 36 kOe according to conditions) could be obtained when the average
grain di ametEj g 112 i adtAe stowdng Bhel @Xg@h@%pgl‘twi Q2QRE Rsnduidpt ered
magnet of Fe-B-Nd famly not includin nber having a conposi t| on of
28 Nd- 1 Bafnés5 ohinifled 5nGeecOrdante- wath cdﬁﬁhm&s Uddribed naidve Sate Ab@E g@E

alloy of 0.05 nmm 0.5 mmwas nade by a known strip casting nmetho Wit h

f or mul atValgeseAc@rding, tocthisGapleit it fovaiddthagompesinpinent maagretamavingen once

The ] e b%pf‘m?%i’ﬁ“p@é&é" " reinch %S%mp”’ Bhayhdde 6F roreogharbmianent o
:)a(raajl Ftelﬂ) g Bf? Xf%%éﬁxkg}o mm wa 8%' ned .b interin ﬁ@gf ul veri zed
powder dn "@%? ?gﬁe efhi o%YdP%CP‘Sn'g‘n eqoeﬁ‘é{\ygr{ércﬁeﬁ# Prgah eq)g fi el d

ori ent e%afgi(Jrogmﬁeetébcarcﬁhgqyc%h | 088@1)9%% 98 wilk:PeiPherale Surtace

of the sintered magnet S ins avi n e surtace rougfiness of 20

m or ?aﬁndlghh@u@rw@aheﬁlubyoaqet@(mgm [0103] Then a pernmanent nagnet M was
obt ai ned usi ng the vacuum vapor processing apparatus 1 and the vacuum vapor

processi Emeedioterdécri bed above. In this enmbodi ment, 10 (ten) sintered
magnet s i are placed on the bearing grid 2la in the I\/b box 2 equidistantly
apart ead@1B82her. In addition bulky Dy of 99.9 %degree of purity was used

s th t al t
@S € feta Ase \éagmtgreldn%lagnet of Fe-B-Nd family not including Co, a member

having a composition of 28 Nd-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used.
In this embodiment, an alloy of 0.05 mm~0.5 mm was made by a known
strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr at said
composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 3 X 20 X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions
after having been magnetic field oriented and formed to a predetermined

configuration in a mold. The surface of the sintered magnet S was finished as

VAN

having the surface roughness of 20 4 m or less and then washed by acetone.
[0103)

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
material and the total weight of 1 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20.

[0104]
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material and the total weight of 1 g of the netal evaporating material was
pl aced on the bottom surface of the processing chanmber 20. [0104] 37 Then

t he vacuum chanber was once reduced to 1 X 10 Pa (the pressure in the
processi ng chanber was 5 X 10-'Pa) with activating the evacuating neans and
the tenperature of the processing chanber 20 heated by the heating neans 3
was set at 900C. Then after the tenperature in the processing chanber 20

had reached BRGC, tHeN QA REMURhYAIRE RaQCERS NBdWRSd daehienped: Mr%ﬁé% hours

at every 4 hour interval. Then heat treatnent was perfornmed wth setting
the tregiresgureeipehat proeesdin OéHamber Wi 60T ABa) titk RRIVRATh@thO0 i nut es
and searched for the vacuum vapor processing hour (tine interval)

obt ai nalsivachang meearst and phe gempieestyrepifitha proeessimg chambpo20pextedsi ng

hour). (Conpayative Exanple 8) [0105] In_Conparative Exanples 8a-8c,
sinter e&Y%ﬁ%%tné&@he%*ﬁ rYifﬁSasetc%fn%Qprt- iIdenoaitesthe temperatuge gn ¢Be cu- 0. 05

Ga-0.1 Zr-bal. F i 83), 28 Nd-4 Co-1 B-0.05 Cu-0.05
Ga-0. 1 2’&%%%“&@‘%‘%%gbi#%vgeacgawogce € VagHimB ¢ aqr Precessing Wags cu- 0. 05
Ga-0.1 Z[.- K i | i t

of pe. pAE O med Tor 2 CBBRRLAS bY v EAT ARy Hiiter VBT SIS R A P h R ES o -
mm was fRefredwitin el the tf@a%lﬂé‘%rﬁﬁé%ﬂr@“a%%d@@%@%b%%rg ing Nd, Co,

Qu, G, Zr at said conposition ratio and then once ground nown

hydr ogenirge i putiol) at P®eeBRites Gneoséd iebed Sfoy thi! vaiivas dvdport pr@cp&dingi | | i ng
process. Then a sintered magnet of a rectangul ar parallel opi ped of 3 X 20 X
40 mm wdwurdbime datervel)sohtaerdblg hest magnatid peeharbied doptinden yaosdet er i ned
conditions after having, been magnetic field oriented and forned to a

pr edet erV@PHEBrOQ?éﬁlFligg}tR‘Ht)-i on in a nold. The surface of the sintered magnet S

was finighed as,. having it surface roughness of 20 u mor less and then
washed 6@03’@&%%? %lxalgple%

{0105]

In Comparative Examples 8a~8c, sintered magnets each having a
composition of 28 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 8a), 28 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 8b), and 28 Nd-8 Co'l B-0.05 Cu0.05 Ga0.1 Zrbal Fe
(Comparative Example 8c) were used as a sintered magnet of Fe-B-Nd family
including Co. In these examples, an alloy of 0.05 mm~0.5 mm was made by a
known strip casting method with formulating Fe, B, Nd, Co, Gu, Ga, Zr at

. said composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 3 X 20X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions
after having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was finished as
having the surface roughness of 20 x m or less and then washed by acetone.
Then permanent magnets of the Comparative Examples 8a~8c was obtained
by performing the processing described above under same conditions as those

of the Embodiment 8 and searched for the optimum vacuum vapor processing
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Then permanent magnets of the Conparative Exanpl es 8a-8c was obtained by
perform ng the processing descri bed above under sane conditions as those of
t he Enbodi nent 8 and searched for the optinmum vacuum vapor processing 38
hour. [0106] Fig. 13 is a table show ng the average val ues of the nmagnetic
properties of permanent magnets obtained in the Enbodi nent 8 and
Conparative Exanples 8a”-8c as well as evaluation of the corrosion

resi stange, .Magnetic properties before the vacuum vapor processing of the
present invention was perfornmed are also shown in the table (Fig. 13). The
100 hour p@toglated vapor pressurizing test (Pressure Cooker Test: PCT) was
carried out for the corrosion resistance test. [0107] According to this
table (Fig. X3, 13 is asablwibwihgtthsiaveeagdrealues wiinke magragitep®pelies

Conpar atiye Exanples 8a 8c include Co, generation of corrosion is not

vi si bl e ph Reﬂimatr@gltt @eﬁg@ﬁt% Otbl?alpﬂédfm rﬂlﬁgEmimdlmm%vapbrCOIppan%Hsm ng of
the present i t|o ver, t hough_t hey have high rr.Qsion

resi st anC&amR e? 'S‘%l"fﬂ Las svaluation af the E%P@PV@%@F%@%%@%@W t| ne

;;ng;gg: Rgqutr?ﬂgs\{)r#uu\%a{)?\%ﬂﬁ?o‘%%sil e:é%sﬂriggﬁih?%g%%eh r16‘§ gu | ncr ease
of Co CO bFBEmbeA aﬁ‘?%lﬁpﬁgﬁ%ﬁ%ﬁ o tzglg(l,'Qﬁ%g..lB). ’ﬁi‘e tlgﬁ h%ﬁ?tsﬁﬂir%'ted Ya

per manen magnet o no COI’I’OS*)OH i s not

visibl e piéRurizivey tRst @98 TooksE! DENPET) GPas al@rieAUsut tfohaghdli gh
corrosive resistance. Furthernore it is found that the permanent nmagnet can

provi de bomyhsionaesisvandediest of average 18 kOe after a very short vacuum
vapor progessing such as 2 hours. [Enbodinent 9] [0109]
{ [0107)

According to this table (Fig. 13), it is found that since the permanent
magnets the Comparative Examples 8a ~ 8c include Co, generation of
corrosion is not visible in the test despite of performing the vacuum vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force when the
time interval of the vacuum vapor processing is short and the optimum vapor
processing time interval (hour) will be extended in accordance with increase
of Co content in the composition.

[0108]

AN

On the contrary, in the permanent magnet of the Embodiment 8, it is
found that no corrosion is not visible after the test despite of including no Co
and thus it has high corrosive resistance. Furthermore it is found that the
permanent magnet can provide high coercive force of average 18 kOe after a
very short vacuum vapor processing such as 2 hours.

[Embodiment 9]
[0109]

As a sintered magnet of Nd-Fe-B family, a member machined to a sheet
(20X 40X 1 (thickness) mm) having a composition of 20 Nd-5 Pr-3 Dy-1 B-1
Co-0.2 Al-0.1 Cu-bal. Fe and average grain diameter of 7 m was used. In
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As a sintered magnet of Nd-Fe-B famly, a nenber machined to a sheet (20 X
40 X 1 (thickness) mm) having a conposition of 20 Nd-5 Pr-3 Dy-1 B-1 Co-0.2
Al -0.1 Cu-bal. Fe and average grain dianeter of 7 u mwas used. In 39 this
enbodi nent, the surface of the sintered nmagnet S was finished as having the
surface roughness of 20y mor |ess and then washed by acetone. [0110] Then
a permanent magnet M was obtai ned using the vacuum vapor processing

apparatus .1 and the vacuum vaporgﬁéopessi ng met hod descri bed above. In this

enbodi neRds empodiapnt, $hasuriage vhhe sinteragamagngt Sovem finksbedipsdhavigegri d 21a
in the box .2 equidi sta apari eac ther. .T tenperature of the

si nter ed éﬁ&leei Vg Pe%sa#&“\qgf”f SWI&HE’W%@S}EFQE*&%BF&EB& the bearing grid
2la. In q@qilb' on Dy of 99.9%legree of purity was used as the (. netal

evapor ating terial V. The nmetal evaporating material has a granul ar

confi gurati ophgh aZg%Qn@ﬁtﬂ Iﬁﬁ'gnétol\@'wd’é‘ebEfoin&fl &iﬂ%%etmufﬁ?%gl Ryapor ating

mat eri al was placed on the bottom surface of the processing r 20.

[0111] Thevedsiwg wppatavushbabd theasaanog vadHoRdcé®idg mdtbod Ractibbé
pressure in the processing chanber was 5 x 10- a Pa) with activating the

evacuat i alpveedn$hi;m dntbiodimenpelQitltend sohterhd magnetssS ngas pdadedr o®@hbeat ed by
t he heati ng. neans, 3 was set at predeterm.ned tenperatures (750, 800, 850,
900C) arRearg s Ahay dpothey e ebex gy egaddistantdy narpitoeactp ather- sThafter the

t t in th ' h h det i ned
{emper at P gt R SRR SR Shaelt b e G Ben DR R So bR gner s ¢
PhoPert (iR WaiOGTR AR LTRAARIGH WYY I RBE RN wIRONES pltq QRLALNSC oY

the predeterm enperature he processing accordingly the
fret al e\&ﬁ@wl@tvhﬂgrm§ma%brm VWIhE nyethY b¥sh draineeHREF N A £brshdlhaer ed

magnet. According to this table it is found that a high coercive force i Hc
configuration of 2 mm ¢ and the total weight of 5 g of the metal evaporating
material was placed on the bottom surface of the processing chamber 20.
[0111]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 107 *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at predetermined temperatures (750, 800,
850, 900°C) and the vacuum vapor processing was performed for 12 hours
after the temperature in the processing chamber 20 had reached a

{ predetermined temperature.
[0112]

Fig. 14 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained under the
predetermined temperature of the processing chamber 20 (accordingly the
metal evaporating material V) with varying the temperature of sintered
magnet. According to this table it is found that a high coercive force iHc
cannot be obtained if the temperature of the sintered magnet is lower than

800°C when the temperature in the processing chamber is 750~900C and

on the other hand, if the temperature of the sintered magnet is higher than
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cannot be obtained if the tenperature of the sintered nmagnet is | ower than
800C when the tenperature in the processing chanber is 7507"900C and on the
other hand, if the tenperature of the sintered nagnet is higher than 40
1100C, not only the coercive force i Hc but the maxi mum energy product
(BH)max and the remanent flux density Br are al so reduced. On the contrary,
it is found that a pernmanent magnet of high magnetic properties having the
maxi num ener product (BH)max of nore_than 48 M3Ce, the remanent fl ux
densi ty MO%%:rﬂmfeotlh’athWRGI%(fOltcﬁelPBbMitb@ medmunenesge nieduc1  koe

(or 27 k ccor di to conditjons) could be qbtaiped at a._range of 800C
,.,11000%%&4@%}9 %&an‘tlﬁiﬁ@fﬁﬁgsléy I ATEy ﬁorx%fg‘%f@fi- le- ORI ani |y, a
menber havi ng. a osition of 25 - -1 B-1.Co-0.2 Al-0.05 -0.1

o 0o 1 M bauRa TR B aRe R miakort R AT MR aies Br A ped o
20 x 20 e [ i : j M%ﬁ a

centrif ugla cast iér%rﬁgtq?ggﬁ%gﬁ%%&n%agﬂrﬁgﬁ%gﬁg ,e,%h’e &%?Q%},lt Cu, Nb,
Mo at safldxCduiiatsy B of middel thaantld K e dogheccddiaivd doie M Kane thidragen
grinding process and continuously pulverized by the jet mlling process.
Then a skfedoe@ Qe ercddiny togonditienahenwd dierohith areet & a shnge 6f 80025 u m
was obtained By sintering the pulverized powder under predeterm ned

condi ti oAslHi&er havi ng been nagnetic field oriented and forned to a

pr edet er rrtge%@gonfigﬁ tion in a nold. The 02 content of the sintered
magnet S WetSPSGHBHT surface of the sintered magnet S was finished as

having th ﬁLg’face roughness of 50,u mor |ess and then washed by acetone.
[0114] Then J per mmnent magnet M was obt ai ned using the vacuum vapor

5 0cE5]1, SPAPEL Gk e SRS, eSS QB BRECH 00
composition of 25 Nd-2 Dy-1 B-1 Co-0.2 Al-0.05 Cu-0.1 Nb-0.1 Mo-bal. Fe was
used and machined to a rectangular parallelopiped of 20 X 20 X 40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Dy, Co, Al, Cu, Nb, Mo at said composition ratio and
then once ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet S having
average grain diameter of 0.5 u m~25u m was obtained by sintering the
pulverized powder under predetermined conditions after having been
magnetic field oriented and formed to a predetermined configuration in a

(V mold. The O,content of the sintered magnet S was 50ppm. The surface of the
sintered magnet S was finished as having the surface roughness of 50 x m or
less and then washed by acetone.

[0114]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition an alloy of 50 Dy and 50 Tb was used as the metal evaporating

material and granular metal evaporating material of 2 mm ¢ of the total
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on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition an alloy of 50 Dy and 50 Th was used as the netal evaporating

mat erial and granul ar netal evaporating material of 2 M O of the total 41
wei ght of 5 g was placed on the bottom surface of the processing chanber 20.
(0115] Then the vacuum chanmber was once reduced to 1 X 10 a Pa (the

pressure in the processing chanber was 5 X 10--'Pa) with activating the
evacuati ng means and the tenperature of the processing chanber 20 heated by

the heatygghiRass %a&"%ffac%‘atorﬁﬁheggét%m c%féf‘%hey?gcésgfﬂé%}?&ﬂfﬁgr b the

processi ng chanber 20 had reached 97/5C t e vacuum vapor- processi ng was

per f or mred Ofld6] 17- 72 hours. Then heat treat ment was perforned with setting
the treating tenperature at 400 C and the treating tinme period at 90

m nutes. [01Th¢n 1Fheg vatBuirs chapulisire veisowing Iteldacethgmet]l x 10y opPat (the of the
per mnent nagnet tained in accor dance with c tions descri bed above at
aver age pr\?é?‘&?@sm A@l@opm%gsmg elambenyas <19~ ? @bldﬂtthaﬁcﬁvﬁiém grdfent magnet

?2%22.1@%%%}13 HacHERED SRR St el e drodtienpng de{%eﬁw& 1 o
28 kCe 17-

or o tHE BERARY et SUAL fECay BTt “%ﬁvgfﬁ?%?s@dﬁwsgﬁf”%ﬁr@éss- !
fam | y cés@@ﬁgl@hﬂﬂlb@@,zo%wwﬁhedmmgme GQémﬁﬁ[S‘Fdé%g ﬁp%%s%%rl&ian i Oy o

B-0. 05 -0.05 Ga-0.1 Zr-bal. Fe was wused. In thi

0. 05 mipepfdrmed ﬁasmﬂaehdmsaThbndmwwaumaﬁsm@@eﬁmh@d Withhseteihgul ati ng
Fe, B, Nd, &u, Ga, Zr, Pr at said corrp05|t|on ratio and then once ground by

a known ﬂhﬁdtm@émggrtemen@turpr at e¥ Bndinsbrithe ntreasing pinhe guarzet dty 90he j et

(n | 1'ing process. Then a
N minutes.

{0116]

Fig. 15 1s a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at average
values. According to this table it is found that a permanent magnet having
the maximum energy product (BH)max of 51.5 MGOe or more, the remanent
flux density Br of 14.4 kG or more, and the coercive force iHe of 28 kOe or
more could be obtained when the average grain diameter is 1~5 . m or 7~20
Lm.,

{Embodiment 11]
C [0117]

As a sintered magnet of Fe-B-Nd family not including Co, a member
having a composition of 21 Nd-7 Pr-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was
used. In this embodiment, an alloy of 0.05 mm~0.5 mm was made by a
known strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr, Pr at
said composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 5X 20X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions

after having been magnetic field oriented and formed to a predetermined
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sintered magnet of a rectangul ar parallel opiped of 5 X 20 X 40 mm was
obt ai ned by sintering the pulverized powder under predeterm ned conditions
after having been magnetic field oriented and forned to a predeterm ned 42
configuration in a nold. The surface of the sintered magnet S was fi ni shed
as . having the surface roughness of 20 g in or |less and then washed by
acetone. [0118] Then a permanent nagnet M was obtai ned using the vacuum
vapor processing apparatus 1 and the vacuum vapor processing met hod

descri bedonfag@agion! it 4 Ridid eTheduiRiet of $he cirBleSindlgdet s WAYAiRished & € pl aced
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In

addi t i onhabinigdsheurfdceadughaiess eE20f npor ldésg amlstheseatassed hyp anetionlk.
evaporatiﬂg terial and the total weight of 1 g of the netal evaporating
mat eri al WAE8lpl aced on the bottom surface of the processing chanber 20.

[0119] Then, he vacuum che%nber vv? once r%duc d to 1X 10-4 Pa (the
pressure in f RETEHR L EFHE wag obtamedpysing the yacpym Vagox he

cvacual | pRRdEat A ANG, L TRE LY P pASERE BRI SpRe R o B

t he heatfng neans Was set a

processi BPo¢ AR Bhis 20n Badini GRS NEA (1BRP GintelbEd YRESHETS V@RAE PLESED Kk Vas

performed for 2-38 hours at every 2 hour interval. Then heat treatnent was
per f or redeadiny gg&l Rladntthe Modaix 2@quedipemalyspaft e b0 handld hdditicat i ng
time period at 2 hours and searched for the vacuum vapor processing hour (
(time i nbullyalDy ot 99.A3btegtses of muyitot waspuepdras éhe(maﬁampammg vapor

processi ng haur). ( arative Exanple 11) [0120] In Conparatjye Exanples
Ila-1lc, nsatﬁlﬁlél é&drﬁ%@é@&hﬂma@ﬂ@o’étﬁ%@w@éiefvasﬁraﬂn@ majgrial pyas) cp- 1

0,05 040,05 G Q.1 2u ol Feu Camparative Bram e 112), 21 Na-7 Pr-4
[0119] |

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10” *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 950°C. Then after the temperature in the
processing chamber 20 had reached 950°C, the vacuum vapor processing was
performed for 2~38 hours at every 2 hour interval. Then heat treatment was
performed with setting the treating temperature at 650°C and the treating
time period at 2 hours and searched for the vacuum vapor processing hour

( (time interval) obtainable best magnetic properties (optimum vacuum vapor
processing hour).
(Comparative Example 11)
[0120]

In Comparative Examples 11a~1lc, sintered magnets each having a
composition of 21 Nd-7 Pr-1 Co-1 B-0.05 Cu0.05 Ga-0.1 Zrbal Fe
(Comparative Example 11a), 21 Nd-7 Pr-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal.
Fe (Comparative Example 11b), and 21 Nd-7 Pr-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe (Comparative Example 11c) were used as a sintered magnet of

Fe-B-Nd family including Co. In these examples, an alloy of 0.05 mm~0.5
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Fe (Conparative Exanple |I1b), and 21 Nd-7 Pr-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe (Conparative Exanple 11c) were used as a sintered nagnet of
Fe-B-Nd famly including Co. In these exanples, an alloy of 0.05 M 0.5 43
nm was nmade by a known strip casting nmethod with formulating Fe, B, Nd, Co,
Qu, G, Zr, Pr at said conposition ratio and then once ground by a known
hydr ogen gri ndi ng process and continuously pul verized by the jet mlling

process. fheRad rhid 8% oA kABEAS B et R witwmﬁ@h%gﬁgdaoﬁﬁ X 20 X

40 mmwas obtained by sintering the pulverized po redet érm ned

condi ti or¥, @, 6ha ey PrGitheed compbsition fdtR) sn@thenbaee arshifdpyadkidw?
predeterm ned configuration in a nold. The surface of the sintered nagnet S

was fini dlyddogen lgainding thmwcess hadecorduginedy pflvéfized by tes jetamngillimen
washed by acetone. Then permanent mmagnets of_ the Cgonparative Exanples (..
11a' 11c PrecessplBemacipleredpagnetinef a rretpreelas nangllglopimadseld X20vedQnder

same conditions those of the Enbodi nent 11 and sear.ched for the _opti num
vacuum vapsr W&Po@i@’é}eﬁgg%@b‘?t. T 219 p“EF .lze]ii6p?‘§g%lr tngdee repdclienmined gver age
val ues of . i.C rii.es r pRent. t ingd.in the
Enbodi _rrer‘%?ﬁﬁ?‘%%gQ%?rp%rg{éﬁﬁgeeéxénn%%egglﬁélgl iR E OB o ot < ne
corrosi O%ré@ét'efﬁn‘?iﬁ&iaconﬁ?%%fohcmpé QRSAT TRE X a%@eoéttﬂg s\Iﬁﬁgg&”&‘{%@ﬁtisn he

processi ng of the presen I nvention was perforned are a

tabl e (Fivas fidjshethas daivingtthed swefes roughfieds af 29 14 &sbr (IRPEe€3dr ehdooker
Test: PCT) was carried out as the corrosion resistance test for a
pr edet er wasdgdger acatoné. Thew perob2eht magwatdiafghe Cohparatad Exafiples 16), it

iés found _that_ since {he pernmnen magnets the Conparative Exanples l1lla l1llc
incl ude @da~gdsevas iogtained Rsopererging she groggssing desqrihadeabeva undepite of

per O 1 0L, MIGIAND YEPBE . PhPSRSE IR OL LG BESRER! pLiuel g kpvever
hi gh COeroﬁjci\ﬁ?u&qfa%ﬁuﬂ’f'sgp&}&?rocessing hour.
[0121]

Fig. 16 is a table showing the average values of the magnetic properties
of permanent magnets obtained in the Embodiment 11 and Comparative
Examples 1la~11lc as well as evaluation of the corrosion resistance.
Magnetic properties before the vacuum vapor processing of the present
invention was performed are also shown in the table (Fig. 16). The saturated
vapor pressurizing test (Pressure Cooker Test: PCT) was carried out as the

{\ corrosion resistance test for a predetermined period of time.
[0122]

According to this table (Fig. 16), it is found that since the permanent
magnets the Comparative Examples 1la~1lc include Co, generation of
corrosion is not visible in the test despite of performing the Vacuum' vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force when the
time interval of the vacuum vapor processing is short and the optimum vapor
processing time interval (hour) will be extended in accordance with increase

of Co content in the composition.
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time interval of the vacuum vapor processing is short and the optinmm vapor
processing tine interval (hour) will be extended in accordance wth increase
of Co content in the conposition. 44 [0123] On the contrary, in the

per mmnent magnet of the Enbodinment 11, it is found that no corrosion is not
visible after the test despite of including no Co and thus it has high
corrosive resistance. Furthernore it is found that the pernmanent magnet can
provi de 2 g foercive force of average 20.5 kQOe after a very short vacuum
vapor 0433 ng such as 4 hours. [Enbodinment 12] [0124] As a sintered

gnet o N?f?a%hwfoﬁ%%rnbtﬁee BATBaReaadet GLaRe BRoRaRHn Ll ¥dva

d
o5 ot oo OO 0 P00 T AL TR 0
Pr, A a@ﬂ tHiis 1tSHa§%1§H'c@rﬁﬁW§é§1étﬁﬂcé thPth%'i‘HlotrQq]? is ?%QBQH@ by a

knomn hydrogen grindi ng process and conti nuousl e jet

m | 1'i ng perocesnt ndgetaasi proeidchighgnetcite favé bfavensgeaes g0 5&@1{ amet er of
5 u mwas obtained by sintering the pulverized powder under predeterm ned

condi ti cmsyah(netrvati?aunngab@enrqmgﬂmgﬁuclﬁlael4d101m81 ented and forned to a

pr edet er ii_ned confl ration in a nold. Two sanples of the sintered nmagnets
wer e mad dimepf Il is that obtained with being rapidly cooled after

Si nterlngi gg?rple 1) and the other is that heat treated for 2 hours in a
range of 2 700Cafter sintering (Sanple 2). The surfaces of these

Sampl oo neropd! 41 ShRd:aE BAKRRO LhONURLRC Sab AN ISR RbeP Opth R 05 2

t hen mashed y ac en-a ernane was o alned usi ng
the vacupm poaien o FOBRES PRIl BPPAIBALD. 015 6.1 78/ ABHBAY POk a P LREESST NG

met hod descrlb
and machined to a rectangular parallelopiped of 20X20X40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Pr, Al, Ga, Zr, Sn at said composition ratio and then
once ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet S having
average grain diameter of 5um was obtained by sintering the pulverized
powder under predetermined conditions after having been magnetic field
oriented and formed to a predetermined configuration in a mold. Two samples
of the sintered magnets were made one of which is that obtained with being
( rapidly cooled after sintering (Sample 1) and the other is that heat treated for
2 hours in a range of 400°C~700Cafter sintering (Sample 2). The surfaces of
these samples were finished as having the surface roughness of 20 u m or less
and then washed by acetone.
[0125])

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%degree of purity was used as the metal evaporating
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above. In this enbodi nent, 100 (one hundred) sintered nagnets S are pl aced
on the bearing grid 2l1a in the Me box 2 equidistantly apart each other. In
addition Dy of 99.9%legree of purity was used as the netal evaporating 45
material V. The netal evaporating material has a granul ar configuration of 5
mm O and the total weight of 20 g of the nmetal evaporating material was

pl aced on the bottom surface of the processing chanber 20. [0126] Then the

vacuum c Q&&%@fal"‘@%l&”&%&élﬁ@%&%ﬁ'wﬁg? }rvlma%e 15%5(4 g}%n%ﬁgﬁgéhﬁgumi 6 5

processi ng chanber was activa evAcUEt ng nmeans

and the toemperaidithe abtdlhweACES 30 NYof Iﬂn@bﬁétazfévagakmn%liﬂaﬁe@ﬁalmaéi ng
e

nmeans 3 was set at 900C. Then after the tenperature in t processi ng
chanber 3dbadedcdnr Guchettiom suréatet afrthic pededseimpectatmbey, 20.he  vacuum vapor

pr ocessi n? was, performed for 6 hours. Then heat treatnent was perforned
W th sett'fﬁ;\bz%l treatnment tenperature at a predeterm ned value and the

treating ti eri,od at 2 hours. ,[ 0127 Fig. 17 is a table_ Wi aver age
val ues gf na% égﬁrgﬁﬁqmegf‘%‘i’“b%e\" n‘é‘?ﬁegﬁﬁ ‘rﬁ“éﬁ"z tﬁhi% gﬁeg% g“ent °

magnet i . ned i t . te o] sdreat.pent after the vacuum
vagor plr Z%’%%é’?‘%&%bgﬁ% 0%%%%3% c:ﬂﬁ?%&%ggvég %?p‘i(gf)cﬁ%@‘@g? a}cﬁw lélgsfg I\é lugot

heat - tEeatefifd hfdansSAAd €hé RmpbPaurOBF thy %ri)&ersgﬁlénmalﬂﬁér 5ABatdp- 2 kCe)

and it was I npossible to obtalin a pernanent "nagnet "having a high coercive

force i Hbyetherhddibugmdae 3 Sawpet ak JGEChFabntdfeat 8 ahpsrathife Uackdim vapor
processing. On the contrary, in the Sanple 2 heat - treated after

si nt er i ngrog¢essing fchanberh®0 ihiad weschedssi hredétermined attmperasupsr tenent
nggnet having a | arge coercive force iHc (18 kGCe) (26.5 kCe according to
condi t i oNaFuNMeFapdePERptiag waaPerfsamed far @ hagsafhen heat trgatmantapor

ngﬁﬁﬁ{,%ﬁ”})tﬁﬁﬁﬁgg: thﬂsgthc ?%M&%gﬁ l_iiz%nipserggl?llel ag 1a2 'p]feggg}m?r?ef(f re the
value and the treating time period at 2 hours.
[0127]

Fig. 17 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
temperature of heat treatment after the vacuum vapor processing being
varied in a range of 400°C~700°C. In the Sample 1 not heat - treated after
sintering, the coercive force iHe was small (5.2 kOe) and it was impossible to

obtain a permanent magnet having a high coercive force iHc even though the

N

Sample 1 was heat treated after the vacuum vapor processing. On the
contrary, in the Sample 2 heat - treated after sintering, it is found that it
was possible to manufacture a permanent magnet having a large coercive
force iHe (18 kOe) (26.5 kOe according to conditions) when the Sample 2 was
heat - treated after the vacuum vapor processing although its coercive force
iHc is small (12.1 kOe) before the vacuum vapor processing.

[Embodiment 13]

[0128]

As a sintered magnet of Nd-Fe-B family, it was used a member having a

composition of 21 Nd-7 Pr-1 B-0.2 Al-0.05 Ga-0.1 Zr-0.1 Mo-bal. Fe and the
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[0128] As a sintered nmagnet of Nd-Fe-B famly, it was used a nenber having a
conposition of 21 Nd-7 Pr-1 B-0.2 A1-0.05 Ga-0.1 Zr-0.1 Mo-bal. Fe and the
46 average grain dianmeter of 10 u mand rmachined to a rectangul ar

paral | el opi ped of 20 X 20 X 40 mm [0129] Then a permanent nagnet M was

obt ai ned usi ng the vacuum vapor processing apparatus 1 and the vacuum vapor
processi ng net hod described above. In this enbodi nent, 100 (one hundred)
sintered magnets S. arg. pl aced fori the bearing gri.d 21a in the M i)ox 2

equi di st ARtTpCaRM e ’(?ﬁn?aﬁeﬁero. IR aBi Prdngebired o teoge dre@mstauri ty was
used as ' terial V. The netal evaporating material
has a grggﬁlg&@hﬁgﬁgg?gﬁdoﬁqgfﬁlo mm 0 and the total weight of 20 g of the
metal evappro]i ng material was placed on the bottom surface of the

processi ng chanber 20. [0130] Then the vacuum chanber was once reduced to a
pr edet er m ne@hdagi gRrniinemCnagnét M waeobviidednuiing tHoOeaeSMIvahaTber
becane substantially higher than the vacuumby half-digit) with activating
t he evacpeicesgngegmratus 1tdel thepacator eapdr pheeepsingemstingl dbsoriled 20
heated by the_heatin eans 3 was set at 900C. Then after the tenperature

in the Fﬂ‘%‘@z&ﬂ?bls @%ﬁzﬁ%@nem one dunslredbeitenedemagoetmP dapdlagedocessi ng
6 LT {t t t f d wt tti
{reat menoh THE s, FBAag 16 4D ATALO Pt Proti IR T Enget (00 Ahor faur 5. o
0131 h & 18T i | f i i f
ber manentditishDy® oh oY BB G RGBS, W 85 e RYG bR R cocur e
[0 the VAGYLERRTHE mlall8l AHriAREGHARA%HSH e ORSRLIGR of he

evacuati ng valve and an anount o Introduction into the vacuum chanber.
Accor di ng0 temt dasd tthbltetdlFvaight 8,20 & of $hé abiew] tevaportings medtenial was

placed on the bottom surface of the processing chamber 20.
[0130]

Then the vacuum chamber was once reduced to a predetermined degree
of vacuum (the pressure in the processing chamber became substantially
higher than the vacuum by half-digit) with activating the evacuating means
and the temperature of the processing chamber 20 heated by the heating
means 3 was set at 900°C. Then after the temperature in the processing
chamber 20 had reached 900°C, the vacuum vapor processing was performed
for 6 hours. Then heat treatment was performed with setting a treatment

{ temperature at 550°C and the treating time period at 2 hours.
[0131)

Fig. 18 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
pressure in the vacuum chamber 11 being varied by adjusting the opening of
the evacuating valve and an amount of Ar introduction into the vacuum
chamber. According to this table (Fig. 18), it is found that a permanent
magnet having the maximum energy product (BH)max of 53.1 MGOe or more,
the remanent flux density Br of 14.8 kG or more, and the coercive force iHc of

18 kOe or more could be obtained when the pressure in the vacuum chamber
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magnet havi ng the maxi num energy product (BH)ymax of 53.1 M30e or nore, the
remanent flux density Br of 14.8 kG or nore, and the coercive force i Hc of
18 kOe or nore could be obtai ned when the pressure in the vacuum chanber 47
11 is 1 Pa or less. [Enbodinment 14] [0132] As a sintered magnet of Nd-Fe-B
famly, it was used a nenber having a conposition of 20 Nd-5 Pr-3 Dy-1 B-1
Co-0.1 A1-0.03 Ga-bal. Fe and the average grain dianeter of 0.5 25 p m and
machi ned, t o rect.angul ar parall el opi ped of 20 X 20 X 40 nm The surface of
the sint Eﬁﬁﬁﬁéﬁé?s‘ was finished as having the surface roughness of 20y m
or less g, hHS gﬁgﬁgqj by acetone. ~. [0133] Then a permanent magnet M was
obt ai ned 'usi ng the vacuum vapor processing apparatus (not shown) separately
provi ded [\y18R]a evaporating chanber conmunicating with the processing
chanber 20 via a comuni cating passage and anot her heating neans heating

the evapor at Asg sinteasanagmet dfiNd \ReBamiBp iy was ased si memRi hedigescr i bed
above. In this enbodinent, 10 (li(ran) sintered magnets S are placed on the
beari ng egmppstien dfn2Q M¥dNb Byok Dy-dqBi HiGradt A-GephrGabathFet dmd .then
addition Dy of 99.9%legree of purity was used as. the netal evaporating

mat er i al2V9T2§4 B850 aPAMREGPMa Oy It dni andhmacRinedi Q) ar TRGAREWAETat i on of

1 0 d.t t ot I 10 f t I ti i al

ol aced oreeRERRRelaf 2Bt d0 gpm PR obplaecel Py EHERBA mAheRS e
fi i f

Feduced 15 R0 g Bn FhR orte selibbecs B0 ACo! REK MG IR aclER, Po

evapor atyyngedtbperber was 1 X 10- 'Pa) with activating the evacuating neans.

?y was evaporated with setting
. [0133]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus (not shown) separately provided with a evaporating
chamber communicating with the processing chamber 20 via a
communicating passage and another heating means heating the evaporating
chamber and the vacuum vapor processing method described above. In this
embodiment, 10 (ten) sintered magnets S are placed on the bearing grid 21a
in the Mo box 2 equidistantly apart each other. In addition Dy of 99.9%degree
of purity was used as the metal evaporating material V. The metal
evaporating material has a granular configuration of 1mm ¢ and the total

{ weight of 10 g of the metal evaporating material was placed on the bottom
surface of the evaporating chamber having same configuration of the Mo box
2.
[0134]

Then the vacuum chamber was once reduced to 1X10™* Pa (the
pressure in the processing chamber and the evaporating chamber was 1X10~
3Pa) with activating the evacuating means. Dy was evaporated with setting
the temperature of the processing chamber 20 (accordingly the temperature
of sintered magnet) heated by the heating means 3 at a predetermined

temperature (750, 800, 900, 1000, 1100, 1150°C), and setting the temperature
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the tenperature of the processing chanber 20 (accordingly the tenperature

of sintered magnet) heated by the heating neans 3 at a predeterm ned

t enperature (750, 800, 900, 1000, 1100, 1150t), and setting the tenperature
48 of the evaporated chanber at a predeterm ned tenperature by the other
heati ng means. The processing described above was perfornmed under these
conditions with introducing the Dy atons onto the surface of sintered nagnet

S via the comruni cati ng_passage. Then_heat treatment was perfornmed with
setting % theegvanonated pbamherr at & rredrtenminaddempenaturg by rihepethesd at

90m nutgs. ,[] 0135 Fi.g. 19 is.a tabl i | f ti

or opor { TEECHE T B osesits RRubeh S0hRs ma G RO RE G ST ned under
th : M { t i r .20 i | th
it er e ORI RN AN B Dy Y BRB IR A PR DBt BORRET ot Ty
chamber .g H&L hd co@nbehichiifg R Sd. Fiiten h8At -tlteaitﬁleh]?l'bﬂzgs g@%rrﬁeg‘ﬁwi@ﬁnem

magnet having the nmaxi mum energy product (BH)nax o nore, the
r emanentsefting adersitinenBrteaipekrdtke at 600fE, arahdhé heetdrg time perisdk at Hc of
15.9 kQGe or nore (or 27 kQGe according to conditions) could be obtained if Dy
i s evapdOmisatess heating the evaporating chanber at 800C'-1200C when the
terrpera';nltri oi; the sintered magnet is in a range of 800C*-1100C.

[ Enbodi Ad3a ] [0136] ~._ As a sintered nagnet of Nd-Fe-B famly, a nenber
having a ¢ osifion of .25 Nd-.2 -1 B-1 -0.2. A1-0.05 Cu-0.1 Nb-0.1

Vo bal . Fe B 15500 B FP et VR WECLase etALin am agdite BOwEFBER %1 20 X 20

X 40 mm I J i S b ifugal
b o, RO S ) VSl . R S
0nposi tyredetedtdiRe @ EmPeRSuranse tisd %%s@ﬂl%adi@ﬂh‘y@r MI(RGBRAIaEL§heg Process

and continuously pulvérized by the jet mlling process. Thena sintered
magnet Sim@vedgnagnet) with varying the heating temperature of the evaporating

chamber. According to this table (Fig. 19) it is found that a permanent

magnet having the maximum energy product (BH)max of 47.8 MGOe or more,

the remanent flux density Br of 14 kG or more, and the coercive force iHc of

15.9 kOe or more (or 27 kOe according to conditions) could be obtained if Dy

is evaporated by heating the evaporating chamber at 800°C~1200°C when

the temperature of the sintered magnet is in a range of 800°C~1100C.

[Embodiment 15}

{0136]

T,

As a sintered magnet of Nd-Fe-B family, a member having a
composition of 25 Nd-2 Dy-1 B-1 Co-0.2 Al-0.05 Cu-0.1 Nb-0.1 Mo-bal. Fe was
used and machined to a rectangular parallelopiped of 20 X20X 40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Dy, Co, Al, Cu, Nb, Mo at said composition ratio and
then once ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet S having
average grain diameter of 0.5 u m~25u m was obtained by sintering the
pulverized powder under predetermined conditions after having been

magnetic field oriented and formed to a predetermined configuration in a

49



average grain dianmeter of 0.5 u nt-25 u mwas obtained by sintering the

pul veri zed powder under predeterm ned conditions after having been nmagnetic
field oriented and formed to a predeterm ned configuration in a 49 nold. The
O2content of the sintered magnet S was 50ppm The surface of the sintered
magnet S was finished as having the surface roughness of 50 u mor |I|ess and
then washed by acetone. [0137] Then a permanent nmagnet M was obtai ned using

t he vacuu vag processing apparatus 1 and the vacuum vapor processing
met hod éRD:Ié f) 6@2@%@/‘@ of thetsin r@dﬁ@@mﬁt was(nponeThe nuriagy ofthe er ed

magnets S are ace on bearin 21a n the M bo equi di stantly
apart eSHfe ’Eﬁdn ﬂS wasi {I}lﬁlﬁe‘g 31%1"3% e gbr Eouehgeesy )% @Y as the
nmet al eY&Bg‘{‘RﬂH&W “@d*’ﬁg(’%ﬂ granul ar netal evaporatl ng material of 2 mm

0 of the't g Wwas placed on the bottom surface of the
processi [ig1gtanber 20 [0138] Then the vacuum chanber was once reduced to 1
X 10-4 Pa (the pressure in the processing chanber was 5X 10-3 Pa) with

activating flhen eveauedndg fegnst Mdwhbeobtaiiedr akitetld viabeufl @6ps6si ng
chanmber 20 heated by the heating nmeans 3 was set at 975C. Then after the

t enper apueaesimgt aim)an@m@ ésandlghe haatham 28pbmgroeasingdn@iha] deberilvatuum vapor
processi performned for 72 hours. Then heat treatment was performed

with sef P%Vﬁ%twsﬁ Ignt, ke ?055‘9 drendped) soteratimagaets SaterRjaesdre period

of the PorieBearine i 2 Ta i MR fot oeTudnRantly AP Fae CHer SIoer | bed
above haBMEAAR aN6Y %?850 @@P%ﬂl@@ TP Y asé@ba et4 F@?i %Qg?éagg&% W

per manen magne maxi mum energ

(nore, t hmtesERNEN g—rahwardﬁlrém ﬁvgpo@fmnﬂgélnﬂatlsﬁa@rofn@rxﬁm 80d thieigtQer ci ve
force i Hc of 28 kQGe or

weight of 5 g was placed on the bottom surface of the processing chamber 20.
[0138])

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10~ ®Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. Then after the temperature in the
processing chamber 20 had reached 975°C, the vacuum vapor processing was
performed for 1~72 hours. Then heat treatment was performed with setting
the treating temperature at 400°C and the treating time period at 90

( minutes.
[0139]

Fig. 20 is a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at average
values. According to this table it is found that a permanent magnet having
the maximum energy product (BH)max of 51.5 MGOe or more, the remanent
flux density Br of 14.4 kG or more, and the coercive force iHc of 28 kOe or
more could be obtained when the average grain diameter is 1~5 u m or 7~20
L m.

[Embodiment 16]
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nore coul d be obtained when the average grain dianeter is 1*"5 u mor 77-20

P M [Enbodinent 16] 50 [01401 As a sintered magnet of Fe-B-Nd fam |y not

i ncluding Co, a nenber having a conposition of 21 Nd-7 Pr-1 B-0.05 Cu-0.05
Ga-0.1 Zr-bal. Fe was wused. In this enbodinent, an alloy of 0.05 mmi-'0.5
mm was made by a known strip casting nmethod with fornulating Fe, B, Nd, Cu,
Ga, Zr, Pr at said conposition ratio and then once ground by a known
hydrogen grindging process and continuously pulverized by the jet mlling
process. &H@ﬂ sintered magnet of a rectangul ar parallelopiped of 5 x 20 X

ggn(rtlrimt }Ng?]s gﬁ?%%%ﬁtﬁg 3{1‘8%’5# aﬁgﬁgﬁ\@&ﬁ%ﬁ]&zg& g?ﬁ\‘igg g)d Eg‘rggnet erm ned
pr edet erH%% %a%B ogfti(ﬂ{ hf)%l' 2 whldp. (ZB% é&@@%;a% it E?bﬁ} q mgnet <

was fini e sur ace roughness i'n~or ZWd t hen
washed bus@pehpmms em&ﬁﬁeﬁﬁ% aam)?ramms MRI0e5 Mﬁﬂ/av%agbﬁaaae% ysing the
vacuum vapor processi ng apparat us and t he vacuum vapor processing nethod
descri bekinowhosteip tasting saethibddiithnformifatihg Pe, BN, €@ n8andlrs P & e pl aced
on the bearing grid 21a in the M box 2 equi di stantly apart each other. In
addi t i onsaiBuloyp@ytion ratiogmatk there onfe puound byes klmswdl hydrdgenngtinding
evapor ati ng matné’;lal and theﬂuﬁ)tal wei ght_of 1 of the nmetal evaporating
mat eri al pmgss Ak cannuonslyy 2@y 3 hefiet h@ﬂbm@c@ggqeﬁg diembar 20.
[01421 n t:he vacuum cha Was. anc educ 10 ,Pa the pressure
in the psl’l g &84 RPN n‘gt‘era m%aggkafopa )lelfi\}”tpﬁ f%/ tzbn Phddme ¥ 28uat i ng
nmeans a f he
”&btﬁﬁ%%ﬁgg%@ﬂfgetlfégg%%é 1%@3)%2@% @%@’@%He?e‘}xﬂﬁrég %ugﬁdﬁ er{s

heati ng neans S set -at era _
[ﬂ\l‘ ocessi ifje MaDeF béenhadgheeie W@éld%@&ateﬁhﬁn&%%h@uvﬁpaf pHdREEMMINEd Was

configuration in a mold. The surface of the sintered magnet S was finished as

having the surface roughness of 20 1 m or less and then washed by acetone.
[0141]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
material and the total weight of 1 g of the metal evaporating material was

( placed on the bottom surface of the processing chamber 20.
[0142]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10~ °Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 950°C. Then after the temperature in the
processing chamber 20 had reached 950°C, the vacuum vapor processing was
performed for 2~38 hours at every 2 hour interval. Then heat treatment was
performed with setting the treating temperature at 650°Cand the treating

time period at 2 hours and searched for the vacuum vapor processing hour
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performed for 2-38 hours at every 2 hour interval. Then heat treatnment was
performed with setting the treating tenperature at 650Cand the treating
time period at 2 hours and searched for the vacuum vapor processing hour 51
(time interval) obtainable best magnetic properties (optinmm vacuum vapor
processi ng hour). (Conparative Exanple 16) [01431 In Conparative Exanples
1l6a”- 16¢c, sintered magnets each having a conposition of 21 Nd-7 Pr-1 Co-1
B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Conparative Exanple 16a), 21 Nd-7 Pr-4

Co-1 B- @Gtigfe (AteOvdlp obhxidaBleZbedd EopRRIeat (o finked nd 21
Nd- 7 Pr-81 Co-1 B- 0‘.)685 QJ?O.%I%E Ga%ggli&q%? bal .f%e®¥%ma%®y§%gﬁl e 16¢)

wer e usedoassmgshou®r ed magnet of Fe-B-Nd family including Co. In these
exanples, an alloy_of 0.05 pm*-0.5 mmwas made by a known strip casting
met hod Wempesative Bxempled6)B, Nd, Co, GQu, Ga, Zr, Pr at said composition
ratio ang ﬁhg once ground by a known hydrogen grinding process and

cont i nuotd % Bu’l verized by the jet mlling process. Then a sintered nagnet

f a t I | elwpi 5 20 X .40 bt ai,ned b interi
the pul ver | 35 oBiaeRiyf JHRbBBEscl 07 wTREaMERe FARIE R rRes RUPRY beon: |
magret ! eodpRsiid | AN'AT RAG IPETRES-P B-0R5edch 0B ned-gonA g atken 10 a
nol d. The surface of the sintered magnet was fini shed as having the

sur f ace (Cothplangtise Blxadthly 162021 BRIS7 P34 Chen B-0W@5CE 0005 88ed. 2 B-balhen
per mmnent magnets of the Conparative Exanples f., 16a-'46c was obtained by

per f or nifleg( Gomepanmadive Bk agphiedeh)| brd 24bNde7 BrdeCo-1sRee0% Gd). 0bdks-0ak t hose of
t he Enbodi ment 16 and searched for the optinmm vacuum vagor processi ng
hour. (&rdml. Fejomnarasive Expmple ko) menchused @sagesintaradsmagnethef magnet i ¢

Compar ateoB Mg B Pe Beudine: Cootn dBege PRamBles, At A0S PIoy. 05 HER S0rbsi on

resistageg. was made by a known strip casting method with formulating Fe, B, Nd,
Co, Gu, Ga, Zr, Pr at said composition ratio and then once ground by a known
hydrogen grinding process and continuously pulverized by the jet milling
process. Then a sintered magnet of a rectangular parallelopiped of 5X 20X 40
mm was obtained by sintering the pulverized powder under predetermined
conditions after having been magnetic field oriented and formed to a
predetermined configuration in a mold. The surface of the sintered magnet S
was finished as having the surface roughness of 20 x m or less and then
washed by acetone. Then permanent magnets of the Comparative Examples

( 16a~16¢ was obtained by performing the processing described above under
same conditions as those of the Embodiment 16 and searched for the
optimum vacuum vapor processing hour.

[0144]

Fig. 21 is a table showing the average values of the magnetic properties
of permanent magnets obtained in the Embodiment 16 and Comparative
Examples 16a ~ 16¢c as well as evaluation of the corrosion resistance.
Magnetic properties before the vacuum vapor processing of the present
invention was performed are also shown in the table (Fig. 21). The saturated

vapor pressurizing test (Pressure Cooker Test: PCT) was carried out as the
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Magnetic properties before the vacuum vapor processing of the present

i nvention was perfornmed are also shown in the table (Fig. 21). The saturated
vapor pressurizing test (Pressure Cooker Test: PCT) was carried out as the
52 corrosion resistance test for a predeterm ned period of tinme. (0145]
According to this table (Fig. 21), it is found that since the pernmanent
magnets the Conparative Exanples 16a-16c include Co, generation of

corrosion is not visible in the test despite of perform ng the vacuum vapor
pr ocessi $RyTRIOR HEsistansertest fov arpredetempinedaeriod afifbmgh t hey have high
corr05|cnkq%43 stance, it is inpossible to have a high coercive force when
the tine Jrval of the vacuum vapor processing is short and the optinmum

I I ded d h
merease of ok o SN Ehrnall it fOfmié?P S B BERRARN  Lhe
per ”ﬁne”fna@gﬂ@tth@f Chip EHHOE] EEQ%npl@s 1'6taﬁ'~?160 1%Hﬂiet I, §@1e99f1685610” ' S

visible after the test despite of including no Co and thus It has

corr osi veortresibAtignadt. visiblé Harther st tddspitb asplerifbrahirig che Waéme%pdfagnet can
provide high coercive force of average 20.5 kCe after a very short vacuum

vapor prpuessiing eficheapresenbumyentignbddowever, 1alkhofigh 4HeyAbawe shigher ed
magnet of Nd-Fe-B famly, it was used a nenber. having a conposition of 21
Nd-7 Pr - QIBOGOD 1REistan®, dhipimpessiblertabapae, high @E?ﬁa‘C]tVﬁeforQ'ﬁ/é’rhﬁgeﬂ@r ai n
oo T A B B SR, 0,
o SRR A AR e
are pl acgfiCo content in the composition.
{0146}
On the contrary, in the permanent magnet of the Embodiment 16, it is
found that no corrosion is visible after the test despite of including no Co and
thus it has high corrosive resistance. Furthermore it is found that the
permanent magnet can provide high coercive force of average 20.5 kQOe after a
very short vacuum vapor processing such as 4 hours.
[Embodiment 17}
[0147])
As a sintered magnet of Nd-Fe-B family, it was used a member having a
{ 7, composition of 21 Nd-7 Pr-1 B-0.2 Al-0.05 Ga-0.1 Zr-0.1 Mo-bal. Fe and the
average grain diameter of 10 z m and machined to a rectangular
parallelopiped of 20 X 20 X 40 mm.
[0148]
Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%degree of purity was used as the metal evaporating

material V. The metal evaporating material has a granular configuration of
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on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%legree of purity was used as the netal evaporating
material V. The netal evaporating material has a granul ar configuration of
53 10 nm 4 and the total weight of 20 g of the netal evaporating material
was placed on the bottom surface of the processing chanber 20. [0149] Then
t he vacuum chanber was once reduced to a predeterm ned degree of vacuum

(the pr i0 4t g e i . Ri r than
the. vacaaniey ¢l 0, RS GESucoCas DR aRERER SRk bk Shalerid O | o
tenmper ag%id%dclfn tebatOmaRStRe ThRERRbcARimedAlbdy20.he heating neans 3 was
set at 900C. Then after the tenperature in the processing chanber 20 had
reached $0D)] t he vacuum vapor processing was performed i._ for 6 hours.
Then heat treatnment was perforned with setting a treatnent tenperature at
550C and t hd'henethd yacwimehpattiesdvas oncehrrdused [to B5plederémnined degree t abl e
show ng average vzﬁléeues of rragneﬁli C propertiscgfa of germanent magnets when the
per maneff VAsgREr (the ppessuredmnithe nieeessing chambarnbesame substatialiber 11

el 10 VAGUGE, Bl AR T LR bR B P B Enly 2
120, 1, g O e TR B RRACT 20 R P i 01
., SISO e SO0, g8 T g g e
of Dr awchgsiber [201B4d r&ached190GCa the amatincy aparl moatssing waavpatomned
To0ss-section of the er manent magnet manufactured in accordance with the
‘§r esent fomGeraunsn Them jeat treatmesns Heanbeeformed with Retting autnepimentsi ng
apparat %ésmfpgxr'ature at 550°C and the treating time period at 2 hours.
[0150]
Fig. 22 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
pressure in the vacuum chamber 11 being varied by adjusting the opening of
the evacuating valve and an amount of Ar introduction into the vacuum
chamber. According to this table (Fig. 18) it is found that a permanent
magnet having the maximum energy product (BH)max of 53.1 MGOe or more,
the remanent flux density Br of 14.8 kG or more, and the coercive force iHc of
( 18 kOe or more could be obtained when the pressure in the vacuum chamber
11is 1 Pa or less.
[ Brief Description of Drawings)
[0151]
Fig. 1 is a schematic explanatory view of a cross-section of the
permanent magnet manufactured in accordance with the present invention;
Fig. 2 is a schematic view of the vacuum processing apparatus for
performing the processing method of the present invention;

Fig. 3 is a schematic explanatory view of a cross-section of a permanent

magnet manufactured in accordance with a prior art;
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perform ng the processing nethod of the present invention; Fig. 3 is a
schemati c explanatory view of a cross-section of a permanent magnet

manuf actured in accordance with a prior art; 54 Fig. 4 (a) is an explanatory
vi ew showi ng defects on the surface of sintered magnet caused by machi ni ng,
and Fig. 4 (b) is an explanatory view showing a surface condition of
sintered magnet manufactured in accordance wth the present invention;

Figs. 5 (a), ) . S S 1.0 nl urface
of a per maneFr‘l n%gg}ejtlé (r%lngg‘ &Q%(re{élgg%gquc%h;%&ﬁgﬁcg%%@hoﬁﬂ@%prsgfsfgg(g of

i nventi ointdrbd m&ghét GdselIy ARRWidigst aﬁdrmg_n@t(w PR ARSINA RSP viewer Manent
magnet manufactured in accordance w th Enbodi ment 1 of the present

i nvent i athowlthg.a Fuifaca cordit®nséfosintegret e agagnaiamufpciaped tih escofdancper manent
magnet manufactured in accordance with Enbodi ment 2 of the present

i nvent i onithfthg presdang iavenid® showi ng the magnetic properties of a permanent
magnet nanuhq,ctur?c& ilg acc&idance w th Enbodi nent 3 of the present
invention; §s- 9 s (B angh a§%@W)H§fﬂEhSﬁﬂ@}héhﬁ"@lr’&%@ﬂlar@@ﬂlr@cﬁermanent
magnet nuf act ur ed jcn accordance.w th Enbodi msﬁt 4 of . hg resent

i nvent i &fi; 2( PEFganept j wagnel grandfaskirr (Re aseRfdanre th‘p i BLeHPty

per maneni . rRgnet manuf actured in accordance with Enbodi nent 5 of the
present Tnhvention; Fig. 11 is a table showing the nagnetic properties of a

per manent  npgned jTBAU{A0 WHRWihDE A6 hEANGE: WrbPerEHa0dF B PerfhHent he

present invention; Fig. 12 is a table show ng the nmagnetic properties of a

per manenhagnet manufactured in accordance with Embodiment 1 of the present

( invention;

Fig. 7 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 2 of the present
invention;

Fig. 8 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 3 of the present
invention;

Fig. 9 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 4 of the present
invention;

( Fig. 10 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 5 of the present
invention;

Fig. 11 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 6 of the present
invention;

Fig. 12 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 7 of the present
invention;

Fig. 13 is a table showing the magnetic properties of a permanent
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magnet manufactured in accordance with Enbodi nent 7 of the present
invention; Fig. 13 is a table show ng the magnetic properties of a pernanent
55 magnet manufactured in accordance with Enbodi nent 8 of the present
invention; Fig. 14 is a table showi ng the nagnetic properties of a permanent
magnet manufactured in accordance wth Enbodi nrent 9 of the present
invention; Fig. 15 is a table show ng the magnetic properties of a pernanent
magnet manufactured in accordance with Enbodi ment 10 of the present

i nvent i epagEtgmargifpetuged ainl @cedrdaingg with Fagbedimentr 8pef tthesprsfsent per manent
~. magnet manufactured in accordance with Enbodi nent 11 of the present

i nventi GAVETHYY 17 is a table showing the magnetic properties of a permanent
magnet manufg@ct yred in cor,dance w th Enbaodi nent 12 of .the presen
Mvention. g 1965 &" e TR TeRenss Reppe tasopt t pelrent
magnet we%c i r ] i f p

i nventi on; |g¥ﬂgllgg?gt%§élggb g%ékﬁg\?\nwﬁéw ?%@h&ﬁrgpg ![%Iﬁgsfngeégg{ per manent
magnet mwuHtasti;ured in accordance with Enbodi nent 14 of the present (
invention; Fig. 20 is a table showi ng the nagnetic properties of a permanent
magnet manufligt dSets antade oshibawing vhd hmigietic mropertiesobdf taheepnasent

per manent

i nvention;

1nven%?oq1;

Fig. 16 is a table showing the
magnet manufactured in accordance
invention;

Fig. 17 i1s a table showing the
magnet manufactured in accordance
invention;

Fig. 18 is a table showing the
magnet manufactured in accordance
invention;

Fig. 19 is a table showing the
magnet manufactured in accordance
invention;

Fig. 20 is a table showing the
magnet manufactured in accordance
invention;

Fig. 21 is a table showing the
magnet manufactured in accordance
invention; and

Fig. 22 is a table showing the
magnet manufactured in accordance

invention.

Fig. 21 is a table show ng the ma%gg
nmagnet MagHcicanadactired dor degordange Withbldmbedimens 16f of Hheppresent
i nventi on;

magnetic properties of a permanent

with Embodiment 11 of the present

magnetic properties of a permanent

with Embodiment 12 of the present

magnetic properties of a permanent

with Embodiment 13 of the present

magnetic properties of a permanent

with Embodiment 14 of the present

magnetic properties of a permanent

with Embodiment 15 of the present

magnetic properties of a permanent

with Embodiment 16 of the present

magnetic properties of a permanent

with Embodiment 17 of the present
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Fig. 22 is a table showi ng the nagnetic properties of a permanent nmagnet
manuf actured in accordance with Enbodi nent 17 of the present invention. 56
[ Description of Reference numerals and Characters] [0152] 1 vacuum vapor
processi ng apparatus 12 vacuum chanber 2 processing chanber 3 heating
means S sintered magnet M permanent nmagnet V netal evaporating naterial

57 WHAT | S CLAIMED I'S: 1. Method for manufacturing a permnent magnet

conpri si ng [$e@Pspfibn omm?é@ac@n%mx%egnmac&}%)ce- B-rare earth el enents
famly arranged 1n a processing chanber to a predeterm ned tenperature and
evapor ati nfoaehl evaporating material including at |east one of Dy and Th
arranged in said processing chanber or another processing chanber;

deposi ting eVvapor saethmvepal paceassingapparases f ace of the sintered nagnet
with controlling a supplying anount of the netal atons; and diffusing the
deposi t ed netdl H@@Hﬁnﬂﬁﬁ%p@mhin boundary phases of the sintered nagnet

before formati on of thinﬁhﬁl of the netal evaporating material on the
sur.face of tfie si RE¥FEIEFIGHEIT 2. Method for manufacturing a per nanent
magnet of clgin1lhggﬁﬁ§' ai d processing chanber is heated to a

tenperature In a range o 0C*- 1050C under a vacuum condition when the

sintered magget ofinfterdd makRet €arth el ements famly and the netal
evaporating material having a primary
M permanent magnet

A% metal evaporating material

7T
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conponent of Dy are arranged in the processing chanber. ( 3. Method for
manuf acturing a permanent magnet of claim 1l wherein said processing chanber
is heated to a tenperature in a range of 900C*- 1150t under a vacuum
condition when the sintered magnet of Fe-B-rare earth elements famly and
the netal evaporating material having a primary conponent of Th are
arranged in the processing chanber. 4. Method for manufacturing a pernmanent
magnet of WERATIS CIONIMED [ sSteps of arrangi ng the sintered magnet of
Fe-B-rare earth elements famly in the processing chanber and heating the
sintered magnet to a tenperature in a range of 800C*"1100C;, heating and
evaporating the netal evaporating 58 material including at |east one of Dy
and Tb arranged Mathad frpmesedadtngingch pebeanent anagiedr comprisisgi stgpe oéinber ;
and suppl yi ng. and deposjting th eyapor at e tal atons_onto the surface of
the sinte 89%9’1’1&1?1“%‘3‘? W Ogcﬁ:e'#é’pﬁfﬁééf P %ntﬁefgﬁﬂhéﬁf'r%§ép df claim
1 or 4 conprisin eps..of arranging.the sintered nagnet of Fe-B-rare earth
ol enrent s PAT4-g i cE4EBEr 6 Cbr PR tntinsal oAt ity R SvRREr e M Bhe
metal evapoapbidithd M ARHA ihaGhnsk B9 1Bhet 585 Lr WP 8L Y ARdndla h'Aged 10
ng cha e

sai d process er ‘or “anot processing chanber to a tenpérature in a

range of $90essri chamber &eahbmr%cbﬁﬂg Nhalnfiers | QpBERThTRUASSralt&d @
y

predet erm ned tenperature; and supplying and depositing the evaporated
met al at onmetaht atomie @uof acsuxfhcd hf shet @ntetedugriemet 6withetcoatrollimg a
manuf acturi ng_a permanent magnet of any one of clains 1 -5 wherein the

si nter ed RHPRBINERMPREt mdt e avetpbradomsg amst diffiesingriie depesitpsti megalt from
arf anged FHOPAANLARED BLECET GIERSHBEAE PRUREGBASRS: DRGNP e
er mnent f clali N- 8 wh in at k0, of .th tal

gurface aFgglggﬁﬁ][ ﬁ%tﬁg%/%?&gv%ggrg ."Eg r%i%Feé-}aﬁa?n ﬂlglsﬁ ga({eoﬁg(fh%&%étg%%& gr Za of

t he si nterngz%dg%gnet arranged in the processing chanber is set in a range of
1 x 10- 4 -2 X 10 3.

2. Method for manufacturing a permanent magnet of claim 1 wherein
said processing chamber is heated to a temperature in a range of 800°C~
1050°C under a vacuum condition when the sintered magnet of Fe-B-rare
earth elements family and the metal evaporating material having a primary

component of Dy are arranged in the processing chamber.

( 3. Method for manufacturing a permanent magnet of claim 1 wherein
said processing chamber is heated to a temperature in a range of 900°C~
1150°C under a vacuum condition when the sintered magnet of Fe-B-rare
earth elements family and the metal evaporating material having a primary

component of Th are arranged in the processing chamber.

4. Method for manufacturing a permanent magnet of claim 1 comprising
steps of arranging the sintered magnet of Fe-B-rare earth elements family in
the processing chamber and heating the sintered magnet to a temperature in

a range of 800°C~1100°C; heating and evaporating the metal evaporating
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8. Method for manufacturing a permanent nmagnet of any one of clains 1 7
wherei n the supplying anount of the netal atons is controlled by changing
the specific surface area of the netal evaporating material arranged in the
processi ng chanber to increase and decrease the anount of evaporation of
the netal evaporating material under a constant tenperature. 59 9. Method
for manufacturing a pernmanent magnet of any one of clains 1 8 wherein the

pressure in the progessing chanber _is kept_at a predeterm ned reduced
pr essur NBETH: é%@éﬁpsgafo?eqsﬁé)rﬁr afcébéiaﬁg Eﬁa%”@nge dRt SA1di PEPCEsangi nt er ed

R bR 810 An b TR AGh 4 At D SO TRORGG GncRlehdeRe 4" €' 1
tenperate%ﬁg th&'m &SI UM ohfSt §§§g§@ofﬂlet£ﬁt&5&9ﬁ§§n&haﬂber to a

predet erm pressure. 11. Metho manuf acturi ng per manent magnet of
any one of clainms 17-10 wherein the surface of the sintered magnet is
cleaned with using plasma before heating of the processing chanber

cont ai ni ng theMethodrfed maagfetturihz. aMpetmanéor magndtacf wlding I opes manent
magnet of any one of clainms 17-11 wherein heat treatnent of the sintered
magnet COMPSIHIBE nlgPat o anranpgirgatthee sindorad tthagnetaiof Ferpaars wasthfter

di ffusing the tal, ato into grain boundary phases, of the sintered
magnet . €1%ne 1y o @ﬁuﬁ”%ﬂ?ﬁ PRGEHRIP ‘Fli‘rg}iﬁ%arﬂn €VBPoLaAling 48e of ¢l ai s

1n-12 [el h i Rgn h erag i ane of _grain of 1 um
5. v mors etk ST Bk R o R RS SR AL B Of any
one of Gha PRocedsihd HARIIRIIbridOtALPHES Qs‘ﬂ%%ﬂﬁinb%‘i‘%% d‘ﬁétmﬁél%rtﬁ‘fé‘iﬁlcﬁ’- 15. A
er mnent nagnet conprising a sintered nmagiet of Fe-B-rare earth el enents
am |y aadgewfi 0T IR0y Hvapheadihgndehaldisy shorsahtiergd ddznet to a
predetermined temperature; and supplying and depositing the evaporated

metal atoms onto the surface of the sintered magnet.

6. Method for manufacturing a permanent magnet of any one of claims 1
~5 wherein the sintered magnet and the metal evaporating material are
arranged apart from each other when the sintered magnet and the metal

evaporating material are arranged in the same processing chamber.

7. Method for manufacturing a permanent magnet of any one of claims 1
i ~6 wherein a ratio of the total surface area of the metal evaporating material
to the total surface area of the sintered magnet arranged in the processing

chamber is set in a range of 1 X107 *~2X10°.

8. Method for manufacturing a permanent magnet of any one of claims 1
~7 wherein the supplying amount of the metal atoms is controlled by
changing the specific surface area of the metal evaporating material arranged
in the processing chamber to increase and decrease the amount of

evaporation of the metal evaporating material under a constant temperature.
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material including at |east one of Dy and Th, depositing evaporated netal
atons onto a surface of the sintered nagnet mnth controlling a supplying
anount of the netal atons; and diffusing the deposited netal atons into
grai n boundary phases of the sintered magnet before formation of thin film
of the netal evaporating material on the surface of the sintered nmagnet.
16. A permanent magnet of claim 16 wherein the sintered magnet has an

aver age di anmeter of. grain m-5 mor 7 Oum 17. A pernanent
magnet of ﬁi@ﬁ%ﬁ)%ﬁ)%ﬁ%ﬁ%ﬁwﬁnsﬁ@%m@mwwﬁ Ay e GialaiBehiai ' Co
61 ~ 8 wherein the pressure in the processing chamber is kept at a
predetermined reduced pressure before heating of the processing chamber

containing the sintered magnet.

10. Method for manufacturing a permanent magnet of claim 9 wherein
the temperature in the processing chamber is kept at a predetermined
temperature after reducing the pressure in the process chamber to a

predetermined pressure.

11. Method for manufacturing a permanent magnet of any one of claims
1~10 wherein the surface of the sintered magnet is cleaned with using
plasma before heating of the processing chamber containing the sintered

magnet.

12. Method for manufacturing a permanent magnet of any one of claims
1~11 wherein heat treatment of the sintered magnet is performed at a
temperature lower than said temperature after diffusing the metal atoms

into grain boundary phases of the sintered magnet.

13. Method for manufacturing a permanent magnet of any one of claims
1~12 wherein the sintered magnet has an average diameter of grain of 1 u m

~bumor 7um~20y m.

14. Method for manufacturing a permanent magnet of any one of claims

1~13 wherein the sintered magnet does not contain Co.

15. A permanent magnet comprising a sintered magnet of Fe-B-rare

earth elements family and manufactured by evaporating metal evaporating

60



LY

material including at least one of Dy and Tb, depositing evaporated metal
atoms onto a surface of the sintered magnet with controlling a supplying
amount of the metal atoms; and diffusing the deposited metal atoms into
grain boundary phases of the sintered magnet before formation of thin film of

the metal evaporating material on the surface of the sintered magnet.

16. A permanent magnet of claim 16 wherein the sintered magnet has

an average diameter of grainof 1 pym~5pumor 7u m~20, m.

17. A permanent magnet of claim 15 or 16 wherein the sintered magnet

does not contain Co.
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